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iuaBaH>y npo6jieMa HyicieapHHX peaKiuija 3a eHeprnjy, y Hcrpa>KHBaH>y boa

oneaua Kao xeMHjcKe h 6HOJioiHKe ciipoBHHe, y chhtc3h npoTeHHa, y reHCTCKOf

raoKeitepHHry h peryjiauHjH >khbothhx npoueca, y HCTpa>KHBaH>y hobhx JieKosa

crapeita; y ayTOMara3auHjH TexHOJiornje h KOMyHHKaunja; y H»e3HH0M aonpHHOc

HayKana cBeMHpa htji.

OBa o6ehaH>a bcjihkh cy H3a30B 3a HacraBy xeMHje: OHa HaM Hyfle 6oraTi

h npHBjraMHH ca^p>Kaj, Be>Ky Hac CBojoM HHTepj^cimn.iHHapHouihy Ha capaflH,

ca ApyrHM .nHCHHiuumaMa — a HcroBpe«eHo Tpa>Ke op yMHTejba bcjihkh Hanop

pa ce y3 to He nopyiun Kwma xeMHje — H>e3HHa dpyHflaMeHTajiHa cHcreiviaTHKa

H pacryhH 6poj xeiHHjcKHx HH^opMauHja 3a6pHH»aBa HacrraBHHKa xeMHje

Mhjihohh xeMHjcKHX cnojeBa cy KOMnjyTepcKH perHCTpoBaim, oko nejjece

XHJBafla ibHX Hajia3HMo y ynoTpeoH. Met)y Hcrpa>KHBawMa HajBHuie je xeMHUapa

KojH npoH3BOAe oko mhjihoh ny6jiHKau,Hja y MaH>e op p&c ro/jmre. To je totob

sacTpauiyjyhH no#aTaK, aKO y3MeMo y o63Hp, jja cy 3a npBH mhjihoh xeMHjcKH

ancrpaKTa 6HJie noTpe6He 32 roflHHe ! Hano MOH<eMO npexnocTaBHTH pa. csan

nyojiHKaimja He aohoch hobo 3HaH>e, jom yBen ocraje bcjihkh BOJiyMeH hobo

xeMHjcKor 3nan>a, y KojeM ce H3ry6H He caMO HacraBHHK xeMHje, Hero iaK h ohh

KojH 3a H>era cnpeMajy nporpaMe.

PaT/Hap OBe jjHJieMe Hehe peuiHTH, Hano cy to hckh H>eroBH „BepHHim

oneKHBajiH. KoMnjyTepH30BaHe 6a3e noflaTana Kao oaroBop Ha h>hxob bcjihk

h eKcnoHenuHjajiHO pacryhH 6poj, Ten cy y pa3Bojy. He caMO ytnrrejbH xeMHje

Hero uan h HcrpajKHBaTO, Tano penKO ynoTpe6ji>aBajy Te 6a3e, pa cy jjoohji

Ha3HB „xeMHjcKe Haytme rpo6HHue". HaKO je Hy>KHO pa yBojjHMo He caMO Hcrpa

Homage h ywrajte, Hero h yMeHHKe y ynoTpe6y thx 6a3a, OHe caMe no ce6n oiht

He pewaBajy npo6;ieMa crajiHor npaheH>a pa3Boja.

Ochm KBaHTHTeTa y nopacry je h KBajmreT xeMHje Kao (pyHflaMeHrajm

Hayne. XeMHjcKe Teopnje ce jnwy Ha BHiue creneHe MaTeMaraVKHM cpopMyjiain?

jaMa TeMejbHHX 3aK0HHT0CTH, a to MOBOflH npep yKHTejba TeulKH 3aflaTaK HacraE

ancrrpaKTHHX Teopnja. To Tpa>KH tojihko 3HaH.a h Hanopa, pa obom 3aflan<y Mecn

H36eraBaMO h3jmkom pa y^eHmnt Hucy y CTaH>y cxBaTHTH Te TeopHje.

CnaBHy peqeHHiry R. Gillespie-a „More faas and less fiction" norpeuiH

TyMaTOMo Kao Hanaa Ha HacraBy Teopnja. Ako yuHMo xeMHjy 6e3 eKcnepHMet

TajiHHx mnteHima, to HHje xeMHja, Koja je eKcnepHMeHTaraa HayKa; ajra an

ytiHMO caMO iHaeHHHe, 6e3 Teopnja, to imje Hayna ! Teopnje He CMejy 3aMeHHT

*niH>eHHHe, ajra hx Mopajy TyMauHra. CBa HacraBa xeMHje Mopa 6hth 3acH0Bai

Ha *!HH>eHHH.aMa, Tj. eKcnepHMeHTHMa, ajin OHa Mopa paBHonpaBHo yKjby*iHBaT

h Teopnjy.

Tpe6a y3eTH y o63Hp h nojeflHHua. XeMHjy HHje jejmocraBHo Hay^nm

ajubaSer xeMHje — hjih H>e3HH0 „KpHnMKo 3HaH>e" — je je;raa TeuiKa kom6*

Haunja ^nnteHHua h Teopnja, Koje MopaMO yno3HaTH, pa 6h MorjiH „HHTaTK

xeMHjy. Y3 to ponasn h o/jroBopaH, ne^am-aH pap y JiaSopaTopnjy. He Ha Kpaj}

MHoni nojeflHHim 6oje ce oaroBopHOCTH 3a ynorpe6y h anoynoTpe6y xeMHjcKH

3HaH>a. To ce oflpawaBa Ha CKpoMHoj MOTHBainijH 3a yqen>e xeMHje. na Hna

je xeMHja OHa Hayna, Koja HaM HHje noTpe6Ha caMO 3a pemaBaH>e Haiunx MaT<

pujajiHHx npo6jieMa, Hero h oajihihh nyr Ka pa3BHjan>y cncTeMaTCKHX pajjHH

HaBHKa, KpeaTHBHOCTH, JiorHKe hh flpyrax HHTe^eKryajiHHX oioco6hocth, Kao

oflTOBopHOCTH, tojihko noTpe6He y caBpeMeHOM apyuiTBy.

CBe OBe 3a3aTi<e MOHte peiuaBaTH caMO ywTejb, Kojn je ycH^peH y xeMHj

Kao HayuH, h y xeMHjcKOM o6pa30BaH>y Kao jeflHoj op rpaHa Te HayKe. HaKo

osa 3aflH.a op HHTepflHcnHiuniHapHor KapaKTepa h nojxynpTa ApyraM npnpoflHH

HaynaMa, ncHxojiornjoM, TeopnjoM o6pa30BaH.a, pa^yHapcKHM HayKaMa, ckohc

Mhj'om HTfl., OHa je jom yBen npeflOMHHaHTHO xeMHja.
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pe<}>opMe npeflcraBJbajy penaTHBHO KOHTHHynpaH npou.ec MeH>aH>a Hac.ieljeHor h

H3rpa^HBaH>a HOBor — caiwoynpaBHor coimjajiHCTHiKor CHcreMa o6pa30BaH>a h

BacnaraBa.

Ochobhh mw> h 3aaain4 cbhx flocaa H3BeaeHHX pe(J)opMH y CHcreiwy ihkoji-

CTBa, 3aTHM y CHCTeiwy o6pa30Banba h HanoKOH y CHcreiwy o6pa30BaH»a h BacnH-

TaH>a, 6hjih cy:

— H3rpaflH>a je^HHCTBeHor CHcreivia o6pa30BaH>a h BacnHTaH>a y ko»k

Hehe 6hth Ayajnrajwa, HejeAHHCTBeHOCTH, BeujTaMKHx npenpena y HanpeflOBaH»y

ceieKBHje 3acH0BaHe Ha apyiiiTBeHOM craTycy nojeAHHaua h h>hxobhx nopoAHua

HJfleMOKpaTHMHOCTH H CJT.,

— H3rpaflH>a jeAHHCTBeHe o6pa30BHe ochobc 3a cBe rpa^aHe (ncre „CTapTH(

no3HUHje") — o6aBe3ne ocMoroflHiuH>e uiKOJie,

— Hajnpe H3rpatjHBaH>e noce6Hor CHcreMa o6pa30BaH>a OApacjiHx, a nocjn

Tora o6jeflHH>aBaH>e CHcreiwa o6pa30BaH>a h BacnHTa&a MJiaflHX h CHcreMa o6pa

30BaH>a OApacjiHX y je^HHCTBeH CHcreM nepMaHeHTHor o6pa30BaH>a h BacnHTa&a

— CTBapaH>e ycjioBa 3a HHTerpaiuijy o5pa30BHO-BacnHTHor ca npoH3BOAHH?

H OCTaJlHM APyUlTBeHHM paAOM, KaO H Ca apyilJTBOM, y>KOM H IIIHpOM flpyUITBeHCH

CpeAHHOM,

— HacTojaH.e fla ce chctcm uiKOJicrBa h chctcm o6pa30BaH>a h BaciiHTait

yMHHH I1ITO ejiaCTHMHH)HM H (pJieKCH6HJIHHjHM, CTajIHO OTBOpeHHM 3a HOBe CO

Apwaje — 3a Hay«ie, TexHH*u<e, KyjnypHe, era^ne h apyre TeKOBHHe h chctcm

BpegHocTH, 3a KopHiuhe&e hobhx neaarouiKHx MeTOAa, o6iiHKa h cpeACTana

o6pa30BHo-BacriHTHOM npouecy,

— H3rpa^HBaH>e CHcreiwa kojh he 6hth crajiHO y cj)yHKHHjH pa3BHjatt

CBecrpaHe aioSoAHe CTBapajiaiKe jih^hocth.

CBaio HOBa pecpopwa 6njia je Kopan 6jiH>Ke, ca BHiue h.ih .waite nyTaifei

TaKo nocraBJbeHOM unity h 3aaainiMa.

HajpaflHKaJiHHjH h HajoflJiyHHuju 3axTeBH 3a 0CTBapHBaH>e HaBeAeHor uhji

h 3aaaTaKa y MeH>aH>y CHCTewa nocraBJbeHH cy 1974. r. (Pe30jryuHja X Kompei

CKJ).

KoHciuwuyucatbe noeoi cudueua o6pa3oeaH>a u eacuuuiawa

npHBpeflHH, ApyuiTBeno-nojiHTHUKH h KyjiTypHH pa3Boj Hame 3e»ui,

pa3Boj caiMoynpaBJbaH>a h ap., ycjiOBH-iH cy — 1974. r. — h>'>khoct BeoMa p:

AHKajiHe pe4>opMe (noja ce 36or CBoje paflHKajiHOCTH 03Ha^aBa Kao upeo6pa>Ka

AOTaa pa3BHjaHor cucreMa o6pa30BaH>a u BacnHTaH>a. Ochobh3 ApyuiTBCHi

no.iHTHMKa, crpaTemKa onpeAejbeifca, iuiji> h 3aAau.H, i<ao h ripHHUHnu kohcti

TyHcaita HOBor CHcreMa caapHOHH cy y noceSHoj Pe30iiyuHjn X KoHrpeca CI

o obhm nHTaHbMwa. Ohh cy noTBp^eHH Ha XI (1978. r.) h Ha XII (1982. r.) koi

rpecy CKJ.

Hobh chctcm HMa ABa ocHOBHa AeJia:

1. ocHoem o6pa3oean,e u eacuuiuawe, noje o6yxBaTa: npeTuiKOJiCKO Baca

TaH.e, ocMoroAHUHbe o6pa30BaH>e h BacnHTaH>e MJiaAHx h OApacjiHx, cneujnjaji

ochobho o5pa30BaH>e h Baaim-aite;
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h HflejHO-noiiHTHMKH 3acHHBajy. PauHOHajiHo-aeAyKTHBHHM nyTeM Tpame ce,

flaKJie, HajnoBO^HHje h Haje(J)HKacHHje MoryhHOCTH 3a ocrBapHBaH>e nocraBJbeHor

UfVba h 3aaaTaKa BacnHTaita h o6pa30BaH>a, ocrBapHBaH»a rrpHXBaheHHX rrpHHirHna

opraHH30BaH>a HOBor CHcreMa o6pa30BaH>a h BacnHTai&a. IIo3HTHBHCTHm<o-eM-

riHpHCTHMKO-HHflyKTHBHCTH^Ka MeTOAOJiora/a, AOMHmrpajyha y MHorHM ApyiuTBe-

hhm HayKajvia XIX h XX Bena, yiobyqyjyhH h neAarorajy, *iecTO nporjiauiaBaHa

h jeAHHOM „noy3AaHOM", „o6jeKTHBHOM" h „er3aKTHOJvi" y npoyMaBaity neAa-

rouiKHX (peHOMeHa hta., HHje Moma o6e36eAHTH npoyMaBa&e hh CHcreMa o6pa-

30BaH>a h BaciraTajba y uejiHHH, hh nojeAHHHx H>eroBHx KOMnoHeHaxa noce6Ho.

y Haj6ojbeM cjiy^ajy OHa je o6e36er)HBana npoy^aBaibe nojeAHHHx AcrcoBa, Ae-

xajba, nojeAHHOCTH h cji., ami H3 TaKBHx npoy^aBaHba TeuiKo ce „cacraBJBao"

CHcreM nao jeAHHCTBeHa uejniHa, 3a npoy^aBaH>e CHcreMa, na h CHCTeMa o6pa-

30BaH»a h BacnHTaHba, raje nocrojajia, AaKJie, OAroBapajyha MeTOAOJiornja.

3axTeBH 3a eKcnepHMeHTajrHHM npoyiaBaiteM cncreMa o6pa30BaH»a h Bac-

nHTan>a npe H>HXOBor yBor)eii>a, a TaKBH 3axxeBH cy BeoMa ^ecra h y Hac, He-

npHXBaTJbHBH cy, H3 cjieAehnx ochobhhx pa3Jiora: HeMoryhHOCT Aa ce TaKO cno-

>KeHH CHcreMH npoy^aBajy eKcnepHMeHTajiHO (Beoiwa je MHoro BapHja6jiH h mh-

HHJiaua *uija AejcTBa ce He Mory hh KOHTpojmcaTH hh iwepHTH), cyBHuie cy Ayrn

BpeiweHCKH oKBHpn y KojHMa 6h TpeSajio BpuiHTH eKcnepHMeHTHcaH>e (He caMO

y Tony uiKOJioBaH.a, Beh h KacHHje — rrpoyMaBaTH „npHMeHy" OAper)eHor CHcreMa

o6pa30BaH>a h BacnHTaH>a), aok 6h ce cmaKaB encnepHMeHaT 3aBpiUHO 3acrapejie

6h h npeTnocTaBKe h pe3yjrraTH eKcnepHMeHTHcarta, npoMeHHJTH 6h ce h ycjiOBH

y KojHiwa je BpmeHO eKcnepHMeHTHcaH>e ! IIlTa je noKa3ao „eKcnepHMeHaT" p,ecer

HeHTapa ycMepeHor o6pa30BaH>a h BacnHTaH>a y CP CpSHjn y OAHOcy Ha npan-

th*iho ocTBapHBa&e HOBor CHcreMa Ha uejioj TepHTopHjH?

TeK y HOBHje Bpejwe, pa3Bojei« uieopuje cuciueMa h MogeAoeana, CTBapajy

ce noBOJBHHje rrpeTnocraBKe 3a npoyyaBaH>e Tano AHHaMHMHHX, OTBopeHHX h

>khbhx CHcreMa KaKaB je h chctcm o6pa30BaH.a h BacnHTan.a. TaKBa npoy*iaBaH>a

obhx cncreMa Hajia3e ce, MeljyTHM, TeK y noieTHHM cJmaMa h y CBeTy h y Hauioj

3CMJBH.

y HeAOcraTKy aAeKBaTHe MeTOAOJiornje 3a Hayuno npoy*iaBaH>e cncreMa

o6pa30BaH>a h BacnHTaH>a y Hac (h y CBeTy), orrpeAejbyje ce 3a upaheae upUMene

(ocTBapHBaH>a) HOBor CHcreMa. ITpH TOMe ce KopHcre cbh AaHac pacnojio>KHBH

MeTOAOJiouiKH npHcrynHH, MeTOAe, TexHHKe h HHcrrpyMeHTH.

y CpGnjH rrpahe&e ocrBapHBa&a h ocHOBHor h ycMepeBor o6pa30BaH>a

h BacnHTaaa BpuieHO je y nepnoAy 1977—1981. r. Ha ochobh pe3yjiTaTa thx

npaheH>a cauHH>eHe cy aHajiH3e o AoBnjeHHM MHHbeHHuaMa, o Hajia3HMa ao KojHx

ce aohijio. ynopeAo ca thm ca^HHbeHH cy h nperjieAH uiTa ce no thm nHTaitHMa

yMHHHjio h ao Hera ce aouijio y ApyrHM CP/CAII, i<ao h y ApyrHM 3eMJbaMa.

OMoryheHO je, AaKJie, h OAperjeHO KOMnapaTHBHO npoy*iaBaH,e pe3yjiTaTa yBor)eH>a

HOBor CHcreMa. Ha ochobh TaKBHX „MaTepHjana" oaphohh cy mnpH HayHHH

CKynoBH (o ochobhom BacnHTa&y h o6pa30BaH>y, AeueMSpa, 1981. r. y Coko

EaH>H h o ycMepeHOM o6pa30BaH,y h BacnHTaity, OKTo6pa, 1982. r. y CBeT03apeBy) .

nocjie pacnpaBa Ha thm cnynoBHMa yTBprjeHe cy oueHe h craBOBH o aoctht-

HyhHMa h cJia6ocrHMa yBotJerta h ocrBapHBaifca HOBor CHcreMa o6pa30BaH>a h

BacrmTaH>a. Ha ochobh Tora CTBOpeHH cy „3aKJbyuHH" — y CTBapn yTBpr>eH je

HH3 Mepa h npaKTtWHHX Kopana Koje Tpe6a yimnrrH y HapeAHOM nepHOAy, y

CHcreMy y HejiHHH, oahocho y nojeAHHHM H>eroBHM AeJioBHMa, Aa ce Taj CHCTein

npn6jiH>KH ohom urro ce XTeno nocrnhn caMoyrrpaBHHM coirHjajiHCTH^KHM rrpeo-

6pa«<ajeM o6pa30Barf>a h Bacmrraifea.



Hacu ochoshu upaeufi ycaeptuaeana cuciueina o6pa3oean>a u eacuumana

OBAe he ce, 6e3 yna>KeH>a y nojeflHHocTH, yna3aTH Ha ocnoene upaeufi yca-

BpmaBaifta cuciueMa o6pa30BaH>a h Bacrorraiba, nojax ce aouiJio Hanpea oiih-

caBOM MeTOAOJiornjoM npaheaa ocrBapHBaita HOBor cHcreivia.

Ochosho o6pa3oeaH>e u eaciariuatbe. Ochobhh KOHuenT je flooap. ripanca

ra je noTBpaHJia. Hen(rrpe6He cy 6HTHHje npoiweHe cHcreMHor KapaKTepa. Hy>KHe

cy, Mer)yniM, 3HaTHe npoMeHe y „fleTan>Hiwa" Koje Tpe6a p,a OMoryhe joui Sccta

„(pyHKimoHHcaHje" Tor aejia HOBor CHcreMa o6pa30BaH>a h BacnHTa&a. Te npo-

*eHe cy cneaehe:

— HaweHe y caflp>KajnMa HacraBe (npoHcreKJie H3 Hy>KHocTH gajter pacre-

pehHBaita thx cajrp>Kaja, 36or 6ojber npHJiaror)aBaHba caap>Kaja y3pacry h 36or

HeonxoAHOCTH yrparjHBaita y CBe caapjKaje „3aje,inumKHx je3rapa" — floroBO-

peHHX H3Mel)y cbhx CP/CAII); H3iweHe y pacnope^y caflp>Kaja hckhx HacraBHnx

npeasieTa h oojiacrH (y inuty o6e36er)HBa&a Beher creneHa Kopejiannje, y3ajaMHe

ycK.ial>eHOCTH) ;

— ycnocraBJbaibe noBOJbHHjHX oflHOca H3Aier)y HacraBe h apyrnx, T3B.

BaHHacTaBHHx noapy^ja o6pa30BHO-BacrtHTHor pafla y ocHOBHoj uikojih;

— seha HH,nHBHayajiH3airHja n HacraBHor, h o6pa30BHor h BacriHTHor

paja h ca jvura;nuta h OflpaciHMa;

— noTrryHHja HHTerpHcaHOCT ocHOBHor BacnHTaH>a h o6pa30BaH»a, noce6Ho

ocHOBHe uiKOJie, y apyiiiTBeHy cpeflHHy; ocrBapHBaH>e KyjiTypHe h jaBHe aejiaT-

hocth ocHOBHe uiko *ie ; noBehaite o6yxBaTa npeTniKOJicKe Aeue (uiecToroflHUJH.aKa)

ca opraHH30BaHHM BacrnrraH>eM, Kao h opraHH30BaH paa Ha KOHa^HOM jthkbh-

jnpaHjV HeriHCMeHOCTH y CBanoj cpe/iHHH ;

— pairnoHajiH3auHja Mpewe ochobhhx uiKOJia h h>hxobo 6oji>e MaTepHjajmo

onpe.Maibe H yperjHBa&e.

YcMepeno oopaaoeawe u eaciiuuian,e (oa I go V creneHa crpy^He cnpeiwe,

orpaHHMeH>e ce hhhh nouiTO BHiue h bhcokohikojicko o6pa30BaH>e y Cp6njH

HH|e join „pe(popMHcaHo"). OcHOBHa KOHnenuHja Aoopa, „no.io>KHjia hotht".

MdjyrHM, Hy>KHe cy Hene 3Haqajmije npoMeHe y nojeflHHHM flejioBHMa cncreMa^

npeHcnHTHBaifee hckhx npai<THWHHX pemeiba y nojeflHHHM eTanaiwa, carjieflaBaHHM

H3 acneKra uenoBHTor CHcreMa. Pei je o aneaeheivi:

— HcrnrraTH MoryhHocr h onpaBflaHocr paHHjer onpeAejfcHBaiba 3a no3HB

fycwepeibe, crpyKy); MoryhHocr o6e36eh)HBaifca T3B. npenrpcHpecHOHajiHor ycwe-

paBaH>a Beh y 3aje;nopn<oj <pa3H (»ieH>aH>eM KapaKTepa H36opHe HacraBe, ycTBapn

„rjoMepaH>eM" H36opHe HacraBe npeiwa ohom iuto je h aoca/i 6njia MoryhHocr,

a_iH 6e3 Beher c-ajeKa y npaKcn; MeHbarfceM yjiore H36opHe HacraBe npH.iHKOM

npe.iacKa y Tpehy roAHHy — flocafl HHje HMajia yTHiraja Ha H30op crpyKe h 3a-

HHjnaH>a; ycMepaBaiteM cpaKy.TraTHBHe HacraBe; fle^HJVurqHHM MeH>aH>eM h „yowe-

paBaBaeM" h HacraBe ochobh TexHHKe h npoH3BOflit>e h cji.);

— o6e36eflHTH ga-ieKO TeMejbHHjy npHnpeMy 3a 3aHHiwaH>e (Bpeiwe Koje 6h

ce 001060ahjth rrpeHomefteM hckhx onurrecrpynrHX npeAMeTa, o/ihocho h>hxobhx

aciosa y H36opHy h (paKyjrraTHBHy HacraBy, kophcthth 3a npaKTHHHy npHiweHy

3a 3aHH.viajfoe , 3a rrpomHpeH>e yn<ecrpyMHHx npe^MeTa) ;

— cnojHTH HeKe crpyKe h 3aHHMaH.a y OKBHpy crpyKa, o6e36er)yjyhH crpyM-

H>aKe He caMO 3a crBapHO noTpe6Ha 3aHHjwaH>a, Beh h crpyMH>aKe uihphx npocpniia;

— yKHHyra CBe c«e crpyKe h 3aHHMaH>a, h III h IV creneHa CTpy^He cnpeMe,

3a Kojmia He nocrojH peajraa narpe6a, Kao hh MoryhnocT 3anonjjtaBaH>a Ha oc
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hobh thx HHBoa cTpyMHocTH (Ha npHMep, y oGjucth HOBHHapcTBa, rrpeBOflH-

jiauiTBa, Kyjrrype, neKHx npHpo/nmx Hayna h cji.);

— o6e36eAHTH peajme ycjiOBe 3a nmpe crHuaibe I, II h V creneHa CTpyine

cnpesie;

— CTBapara noBOJBHHje ycjiOBe 3a o6pa30BaH>e H3 paiia h y3 paa;

— npencnHTaTH yimcHy nojiHTracy h y OKBHpy I—V creneHa crpy^me cnpeme

h npH yrracy Ha BHCOKoniKOJiCKe opraHH3aimje (cyBiune je caaa Be.MKa npo-

xoflHOcr, Heo^pel)eHOCT oko KBajDKpHKauHOHHx h apyrax Hcrnrra h KpnTcpHjyjta

yraica h cn.).

Ilopea thx cHcreMCKHX „nonpaBKH" h peiueH>a, 3a i<oja ce Beh cajja bhus

noBOJbHHja peiueita (npaKTHMHO noTBpr)eHa), nocrojH h BHiue nHTaH>a 3a Koje

ce y obom MOMemy He bhac aobojbho 3acHOBaHa npaKTHMHa peuieH>a (naKO no-

cthKh joui BehH creneH HHrerpHcaHOCTH ycMepeHor o6pa30BaH>a h y;rpy>KeHor

paaa, HHTerpauHjy HHcnrrynHja yawepeHor o6pa30Ban>a no BepTHKajiH h xopn-

30HTajm h cji.). Hncy jjo npaja join yBeK carjieflaHa h „npaKTHMHo npoBepeHa"

HeKa nHTaH>a JipyuiTBeHo-eKOHOMCKor napaKTepa (Ha npHMep, opraHH3an.Hja

CH3-0Ba Ha TepHTopnja-'iHOM, ojjhocho (J>yHKirHOHajiHOM, ojjhocho kom6hhob3hoa\

npHHunny; nHTa&a cjio6o/iHe pa3MeHe pa^a; Harpar)HBaH>a npeiwa pany h cji.).

TIpaheH>e je nonasajio aa Tpe6a h3bpujhth oaroBapajyhe H3MeHe h y „yiry-

Tpaunboj" opranH3ann h neHTapa, H3MeHe y hckhm ca;ip>KajHMa o6pa30Ba»ba

(nopeii ocrajior h 36or o6aBe3e na ce npnxBaTe „3ajeAHH»n<a je3rpa")> Aa Tpe6a

6htho noja^aTH BacnnTHy yjiory neHrapa h 6p>ne Me&aTH nojionoj y o6pa30BHo-

BacnHTHOM nponecy n yqeHHKa h HacrraBHHKa Kao h h>hxjibc Me^ycoGHe o/rHoce.

YiBp^eHO je aa noce6HO 036njiaH npoojieM npeflCTaBJba pauHOHajnoanHja

Mpe>Ke HHCTHTynHja yawepeHor o6pa30BaH>a h BacnHTaH>a cbhx HHBoa, a noce6HO

BHCOKOUJKOJICKHX IIHCTHTyiTHja.

y cHCTeMy o6pa30BaH>a h ycaBpuiaBa&a HacTaBHHKa Koju ocTBapyjy yciwe-

peHO o6pa30BaH>e h BacmrraHie, kojh cy KpajH>e HejenHaKO h HejeflHHCTBeHo

npHnpe.MJbeHH 3a ocTBapHBaH.e nocraBJBeHHx 3aaaTaKa, Hynaie cy jjySjte npoiweHe

(y cHcreMy o6pa30BaH>a h cncreMy ycaBpuiaBaiba).

3cu<jhyHHU ciuaeoeu

IIpaheH>e, npoy^aBaH>e h ycaBpniaBaibe CHcreiwa o6pa30BaH>a h Bacrarraifca

je crajiaH npou.ec. BopSa nporaB Bo;r/HTapH3Ma, MeH>aH>a Ha 6p3HHy,npoH3BOJt-

hocth, 6e3 carjie,naBaH>a nepcneKTHBHHjnx pemeita, 6e3 yBa>KaBaH>a o6jei<THBHHx

MHHHJiana Kojn fleTepMHHHiny cHcreiw, Mopa no^HBaTH Ha no/ianHAia npoyqaBaH>a,

npahen>a h npaKTHMHe npoBepe CHcreMa y nejiHHH h nojcmiHiix iteroBHX aeJiOBa

h acneKaxa.

036njbHe TeuiKohe y Hac y ocTBapHBafty rope nocraBJbeHHX 3axTeBa npoH3-

jia3e h H3 HHH.eHHne jja hobh chctcm HHje joui yBeK no Kpaja jj;orpar)eH. Oh HHje

nejioBHT. Joui yBeK je HejacHO nano he H3rjienaTH CHcreiw H3Haa IV crenena

crpyuHe cnpeMe (canauiH>e BHuie h bhcoko uikojictbo). MHora nHTa&a cy Ty

joui yBeK cnopHa.

Jlpyra Beoiwa 036mbHa TeuiKoha KOHCTHTyncaifca h npaKTMHor ocrBapH-

BaH>a HOBor CHCTeiwa npoH3Jia3H H3 tunteHuue na ce to *ihhh y Kpajae Heno-

BOJbHHM flpyUITBeHO-eKOHOMCKHM H MaTepHjajIHHM yCJIOBHMa, y yoiOBHMa Beojwa

OTe>KaHor 3anouiJi>aBaH.a mjkuihx. IIpOMeHe ce Mopajy bpuihth y cncreMy o6pa



30BaH>a h BacnHTaH>a /ja oh He 6h 3aocrao joiu BHiue y oflHOcy Ha noTpe6e, a yaioBH

y KojHMa ce to Bpuni Kpajite cy HenoBOJbHH 3a TaKBe npoiweHe. Peajma npoTHBy-

pCTHOCT H3 KOje Ce MOpa HaJia3HTH H3JI83.

Tpeha 036njbHa Teumoha floaneflHHjeM ocrBapHBaH>y iimta h npuHUJina

HOBor CHcreivia npoH3Jia3H H3 omopa pof)eHHx H3 cnopor, TeuiKor h flejiKMH^Hor

npeBJiaflaBaita AocaAamiBHx (ycrajBeHHx) oCjniKa, MeTOfla h Ha*iHHa paaa kojj,

Jbyan kojh ce npo(pecHOHa.iHO 6aBe o6pa30BaaeM h BacnirraH»eM (HacraBHHUH

h apyrn crpymbauH), H3 HenoBOJtHe KJiHiwe h oraopa KojH fl0Jia3e H3 nojeflHHHx

cpejrjma h cjiojeBa Hauier /xpyuiTBa (H3a3HBaHHX h cy6jeKTHBHHM h oSjeKTHBHHM

y3pouHMa). nocrojehH chctcm ycaBpmaBaH>a HacraBHHKa h jxpyrax crpyMH>aKa,

chctcm e<I)HKacHor h 6p3or OTKJiaH>aH>a yoieHHX cjiaoocrH npaKTHMHHX pemeifca

(no KojHMa ce, yecro HeonpaBflaHo, oueifcyje „BpeflHocT" h ochobhhx onpe,neji>eH>a

o hobom CHcreMy), HHcy no ca/ia noKa3ajm CBojy BirrajiHOCT h ycneumocT, na

3aTo h HHcy aajiH oieKHBaHe pe3yjrraTe. y TOMe oape^eHy yjiory nrpa h He3a-

.aoBOJBaBajyhn MaTepnjajiHH h apyuiTBeHH nojiwKaj HacTaBHHKa.

PA3BOJ KEMHJCKE HAyKE H OEPA30BAIBE

BopHC KaMeHap

3aeog 3a ouhy u anopxaucKy KeMujy, IJpupogocAoeHO-MauieMauiuuKU (paKyjiiueiu,

CeeynuAUUtiua y 3aipe6y

Hjwa 6e36poj npiiAijepa kojh noKa3yjy He3axBajiHOCT npe;jCKa3HBaH>a pa3Boja

HayKe. y neKHM ce cjrynajeBHMa HayKa pa3BHjajia 6p>Ke op, cbhx npe/iBHljaifca,

y ApyruM je >Ke.ta youjeKa npnnHCHBajia Hayrui Behe MoryhHocTH h 6p>KH pa3Boj

Hero ujto ra je OHa o6jeKTHBHO Moma HcnyHHTH. Kao h apyuiTBO h HayKJ ce

pa3Biijajia y pa3.uraHTHM eTanaiwa. 3a CBjeTCKy Hayny cy KapaKrepHCTHMHe Tpn

cpa3e: (1) IJjeiiOKynHH pa3BHTaK no 1940. TO/nrae, (2) IlepHO/i oa 1940. ao 1965.

roAHHe — floSa nay^He eKcnno3Hje. Tano 3BaHO 3JiaxHO floSa HayKe h TexHOJioraje

ii BiicoKor o6pa30BaH>a. Pa3/j,o6ji>e je to „AHBJber h eKcnoHeHimjajiHor pacra",

(3) Oa 1965. roaHHc Ha oaaMO, uaga ce novJHH>y ocjehara nocjBe/iHHe npoy3po-

KOBaHe eKcnoHCHimjajiHHiw pacTO.w. To je jio6a (j)pycrpaimja h tcuikhx JieKimja

6p3or pa3Boja. Pa3Boj npHpojJHHX HayKa (thmc h KeMHje) y Hac je HeuiTO cne-

UH(J)HMHHjn. ITpiipoAHe nayKe nomnfcy 6yjara ne/jeceTHx rojimia (HyKJieapHe

"HayKe h c H>HMa noBe3aHe Jipyre HayKe) y caMOCTajiHHM HHCTHTyTHMa H3BaH yHH-

Bep3HTeTa ^a 6n ce aKTHBHpaH>eiw cpOHflOBa 3a HaynHH pafl no^iejie uihphth h

na yHHBcp3HTeTe. Pa3Boj, naKOH Tora, He HcnyitaBa Hauia oieKHBaH>a.

KaKBO je gaHac craae KeMHjcKe HayKe y CBHjeTy h KaKO he ce oho npefl-

bhahbo pa3BHjaxH. Jla jih cmo cnpeMHH h y Hamoj cpe/iHHH npHJiaroflJBHBH aa

Ty HayKy npiixBaTHiwo h Taj pa3Boj npaTHMO. npe/jaBaHie he o6yxBaTHTH HajBa>K-

Hnja HCTpa>KHBaH»a i<oja ce aaHac y CBHjeTy Bpme y noapyijy aHopraHCKe KeMHje,

opraHCKe KeMHje h KeiwHje nojiHMepa, GnoKeMHje, cpH3HMKe h ananHTHMKe KeMHje,

■3aTH.u h ApyniM o6;iacTHMa Koje cjeflH&yjy hjih npeMOiuhyjy Te Hauie KjiaaniHe

KCMHjcKe AHCUHruiHHe. Pa3MaTpaHH he 6hth h rrpaBHH pa3Boja npHMjeiteHe

KeMHje H to noce6HO OHe Koja ce oahoch Ha 6HOJionijy, HOBe MaTepnjajie h eHeprnjy.

Aa jih ce mohtcmo yKJby^HTH y TaKaB pa3Boj ? Mo>Ke jih ce yonhe nocraBHTH

TaKBO nHTaite. Mh to MopaMO. JlBa cy 3a to yBjeTa: KaapoBH h HOBaq. HoBau,

jecre npoSjie.w, noceSHO aaHac, Me^yTHM npoMjeHe HaMHHa, ecpHKacHocrn hko
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jnwHHe yjiaraita HOBua Mory 6hth pcianiBno 6p3c. CBanaKo 6p>Ke Hero pje-

liiaBajte npo6.ie.Ma ciiocoohhx h KBajiHreTHHX Hcrpa>Kiiuam<HX KaapoBa. Ako y

norJieay o6pa30BaH>a naapoBa He mhhhmo Ao6po Haul npHKJbyqan Ha Ta Hcrpa-

>KHBaH,a 6ht he CBe cjiaGHjn, a 3aocrajaH>e cBe Behe. y ocHOBa.wa Hame Hay«mo-

TexHOJioiiiKe nojiHTHKe crojH: (1) Ycnjex HayMHe no.iHTHKe je 4>yHKimoHa."iHo

noBe3aH c ycnjexoM KaapoBCKe nojiHTHKe y HayuH. (2) Ha pa: mini Mel?yHapo,a.HHx

KOMnapaimja joui je yBHjeic eBH/ieHTHo 3aocTajaH>e KaapoBcnor noreHUHja-ia y

COPJ npeiwa HHaycrpHjcKH pa3BHjemiM 3eMJbaMa. (3) JloOHa crpyKTypa HayMHHx

KaapoBa je HenoBOJbHa. (4) CrpyKTypa ii no.iHTHKa o6pa30Baiba 036HJbaH cy

npo6jie»i HaynHO HCTpa>KHBaqKe no.iHTHKe; HeflocraTiia cpeflCTBa y bhcokom

o6pa30BaH>y TeMeJbHH cy pa3Jior HepauHOHanHe crpyiaype ^ojHn.io.MCKor h

HapouHTO nocTflHnJiOMCKor cryflHja. ,H,a .ih Hauia nacrojaiba njxy y caijepy no-

6ojiujaH>a Tora cTaiba. Ilo 6pojy HayqHHx paflHHKa Ha 10.000 craHOBHHKa 3a

HHflycTpHjcKHM 3eMJbajwa 3anafla 3aocTajeMO oko qeTHpn iiyTa, 3a jicro*iHO-eBpon-

ckhm 3eMJBajwa nan ocaM nyTa. ITpeMa npojeKUHjajvia nauiHx n;ianoBa 6poj HayqHO-

-Hcrpa>KHBam<Hx Ka^poBa Tpe6a.io 6h aa ce jxo 2.000 rciHHe noBeha 3flo 5 nyTa.

Mo>KeMO jih to HcnyHHTH h je jih Hame ujko.ictbo ^OBOjbHO npnnpe>ubeno :ia

o6pa30BaH>e KBajiHTeT hx MJia^Hx y^eitaKa h Hcrpa>KnBaqa 3a Hcrrpa>KHBaiba Ha

yHHBep3HTeTHMa, y caiwocTajiHHM HHCTHTyTHAia h.ih HH/jycrpHjH? ripeayBjeTH oa

KojHx nojia3HAio cy tciukh. ITpocjeMHa WHBOTHa jxo6 ca,naunbHX nayMHHX KaflpoBa

He 3aaoBO.T>aBa. Bnme oa 50° 0 cbhx Hcrpa>KHBaMa HMa npeno 50 ro^Hna >KHBora.

IlpoayKTHBHOCT je peJiaTHBHO c.ia6a. Craibe h nponopwije y cpcaibOUJKO.iCKoj,

a noroTOBO y BHCOKOUiKOJiCKoj HacTaBH, cy Tanoljep HenoBOJbHe. HHTepec 3a

npnpoflHe HayKe MJiafle reHepaunje He.MH.iocpaHO naaa. riocjbe,aH>Hx AeceTaK

roflHHa, y BehHHH cpeAHHa yqeuihe cryAeHaTa npnpoAnnx nayna y yKyrmoj cry-

aeHTCKoj nonyjiaHHjH CMaH.no ce oko flBa nyTa. HcTOBpeMcno Gpoj crynenaTa

flpyuiTBeHHX HayKa ce eHopMHO riOBehao. He 0flpa3yje ;ih ce to h Ha npHBpcuy

3eMJte. yMjecro npHHimna: npoH3BO,ini, npea:iaflao je npuHinm: nynn h npoaaj.

KBajiHTeTa cry/ieHaTa npiipoflHHX HayKa je CBe cna6Hja. Cnopo ,aa je y Ke.MHjH

h rope. nocjbeflHua je to 3aHeMapnBaiba HacraBe npHpoflHHx HayKa KaKO y cpea-

H»oj uiKOjiH Tano h Ha yHHBep3HTa™.Ma. <I>oiia cam Hacraisc npnpoflHHX HayKa

je CBe MaibH. Te ce HayKe CBe Maibe npeaajy, CBe cy Maibe, ai<o yonhe h jecy,

eKcnepHMeHrajiHe. YTanajy ce y nporpaitte jipyrnx npcoMCTa y i<ojn,wa HHje Ha-

rjiacan Ha npnpoflHHM 3aKOHHTocTHMa h *«nbeHHn,a.\ia noje H3 h>hx npon3na3e.

3aHejwapeH0 je Ha^ejio aa je HacraBa n pa3Boj npHpoflHHX Hayna npea>'BjeT pa3Boja

TeXHH^KHX, MeAHUHHCKHX, 6HOTCXHHMKHX H flp>THX IipHMjcibCHHX HayMHIIX

noApy^ja.

y npe^aBa&y he CBe Te nocraBKe 6hth KBa;iHTaTHBHO h KBaHTHTaTHBHo

aHajiH3HpaHe. Mo>Kfla he Ta aHajnoa noiHohn ^a yBHAHMO Kano ce MOweMO yi<-

jby^HTH y CBjeTCKH pa3Boj KeMHjcKe Hayne.

HEKH ACnEKTH CABPEMEHE HACTABE XEMHJE

6. BajraHa

npupogHO-MoiueMauiuHKU (paxyAuieui, Eeoipag

MeTOflHKa HacraBe xeMHje aocnopa je npeflcraBJbajia CKyn HCKycraBa cre-

qeHHX y HacraBH xeMHje. Bp3H pa3Boj nojeflHHHx Hay^HHX flHcunnjiHHa flOBeo



aHcimnjiHHapHHx Hayna i<oja 3axTeBa, nopea cojinzrHor no3HaBaH>a xeMHje (Koja

o;rper)yje cajrpwaj npe;iMeTa), join h flOflaraa 3HaH>a H3 (Jmsnojioraje (o6janiH>eH,e

cpyHKUHja M03ra), ncHxojiorHje (TeopHje yyeiba, TeopHje jiiwhocth), conjHOJioraje

(Hnp. oahoc nojeflHHaq — ApymTBo) h HapaBHO nenaronije, ojthocho flHflaKTHKe.

HacraBHHUH xeMHje cy o6hmho aoopo npHirpeMJteHH ca crpytme crpaHe, H3 xe-

Miije, a nponec npeHouicH>a 3Han>a oSaBJbajy yrjiaBHOM HHTyHTHBHO, Ha ocHOBy

ypor)eHe ckjiohocth. HacraBa xeMHje 6h cnrypHO Snjia KBajiHTenuija aa cy Ha-

craBHHHH yno3Hara h ca MeTOflojiornjoM Hcrpa>KHBaifca y HacraBH xeMHje, jep

6h OHfla jiaKine ynjioHH-iH HeaocraTKe y HacraBH He caMO KOfl y^eHHKa, Hero

H KOfl ce6e.

y npeflaBaHby 6nhe AOflHpiryTH caMO hckh acneKTH MeToaojioiHKe npHpoae.

JeaaH oa h>hx je H36op rpaflHBa. MHinjbeiba cy y TOMe aocra eBOJiynpajia y no-

cie/nte BpeMe h nocrojH Aocra floSpa carjiacHocr uiTa TpeSa H3yiaBaTH y OKBHpy

omuTeo6pa30BHHx KypceBa y ocHOBHoj h cpeflH>oj ihkojih. Mhoto je Maae ypa-

r)eHO no nHTaH>y CTpyKTypHpaH>a rpaflHBa, Ha H3rpar)HBaH>e xHjepapxnje nojMOBa

h Ha HiHxobom oriTHMa^HOM Haqmry noBe3HBaH>a. H36op rpaflHBa h n>eroBo

crpyKTypHpaH>e Bpuin ce cnopo HCKJby«iHBO HmyHTHBHO. OBaj npoBjieM ce o6hmho

upenyuiTa cacraBJbaMHMa nporpaMa h nncuHMa ynSeHHKa. 3aT0 cy HaM nporpaMH

h yuSeHHUH 6a3HpaHH BHiue Ha TpaflHijHjH, a Man>e Ha Hay^HHM aHajiH3aMa. IIo-

croje noKyuiajH jia ce npHMeHOM rpacJ)OBa npHrje CTpyKTypHpaH>y rpaflHBa (Frazer

1979). Hama HCKycTBa y noayqaBajby oKCHflaHHOHO-peayKHHOHHX npoqeca y

I pa3peay cpcmte mKOJie yna3yjy Ha MoryhHocr pa3paae TaKBHx KOHcnenaTa

MacoBa Kojn cy onTHMajiHH 3a aara y3pacr yqeHHKa. Ilopefl orrrHMa^HHx MOjiejia

MoniH 6h ce cacraBHTH h TaKBH /iorryHCKH MOflejiH Kojn 6h nocir/noum Kao 3a-

MeHa, ynonHKo 3a H3Bor)eH>e HacraBe Heaocrajy HeKa HacraBHa cpe/jcTBa. Oc-

hobho je KOfl cbhx „MOAeji-MacoBa" na ce nomryjy hckh craHflapflHH ycnoBH:

hcth peaocjiea, Ha^HH H3JiaraH>a h o6janiH>eH>a, hcth jeflHocraBHH KJbyiHH orjiean.

OBaj nocTynaK He ocnpoMauiyje CTBapajiauiTBo HacraBHHKa, He rrpeTBapa ra y

poSora, jep KOHcneicr OAper)yje caMO „jiorHMHy ocoBHHy Maca", a HacraBHHKy

npenyuiTa fla cjioooaho peanH3yje Mac. IlpeHMyhcTBa TaKBHx „THnH3HpaHHX

cneHapnja" cy y TOMe, ihto Mory Ma nociiy>Ke h 3a npHnpeMaH>e Syayhnx HacraB

HHKa. O TOMe HMaMO ySe/ytHBe flOKa3e Ha ocHOBy oapHOHHX orjieflHHx MacoBa

y KparyjeBuy h 3eMyHy. y ca^aniaeM TpeHyTKy BejniKy noMoh 6h npeflCTaB-

ibajia H3pafla KOHcnenaTa ohhx nacoBa Ha KojHMa ce nojeflHHe HacraBHe TeMe

noBe3yjy y qejiHHe. CTpyKTypHpaH>eM thx KJtyMHHx caapwaja (5—6 qacoBa y

cBaKOM pa3pe;ry) He 6h ce o6yxBarajio nejio rpaflHBO, ajin 6h ce Morjio ocrBapHTH

ca MHoro Maite Tpy/ia h yjiararta, jep je 3a H3pa,zry HeKor THnH3HpaHor KOHcneicra

noTpe6HO ce oap>kh oko 15 MacoBa pagn oriTHMH3aHHje.

CacraBJ&aH>e KOHcneicra „HfleajiHor" Maca 3axTeBa He caMO noBe3HBaH>e

rpaAHBa y jiorHMHy nejiHHy, Beh h H36op MeTOfla no KojHMa ce h3boah HacraBa:

kojihko Mecra aara H3^araH>y HacraBHHKa (mohojiouikom mctoaom) a kojthko

KJAywaBaifcy Kpo3 pa3roBop ca yqeminHMa (flnjajioniKOM mctoaom). MoHOJiouiKa

MeToaa, Koja Mowe na 6yae Bpjio KopncHa aKO HacTaBHHK cyrecrHBHO H3Jia>Ke,

Ha>KajiocT ce Mecro rrpeTBapa y cyBonapaH, Bep6ajiHCTH*n<H Ha^tHH noflyyaBaHja,

Kojn nacHBH3Hpa y^eHHKe, HapoMHTo cjia6nje. Kofl Te MeTOfle HeMa noBpaTHe

HH(})opManHje KaKo yqeHHUH npaTe H3^arafte HacraBHHKa. 3aTo npeiiMyhcTBO

^ajeMO flHjajiouiKOM MeTOAy5 KojHM ce Mory aKTHBHpaTH cbh yMeHHUH y TOKy

nponeca HacraBe. Pa3roBop TpeSa ycMepaBaTH Ha Taj Ha^iHH fla yMeHHK caM ot-

KpHBa TaqaH o^roBop Ha nocTaan.eHO riHTaiBe. Tpe6a HacrojaTH «a yieHHUH

no MoryhcTBy caMH Me^yco6HO BOAe AnjaJior, Tj. fla 6ojbh y^eHKHH nocraBJbajy

*
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HHTaH.a h 3£maTKe c:ia6nj»M h /ja hx ycMepaBajy y TOKy H3paae 3aflaTaKa. TaKO

ce JiaKO yoMaBajy cjia6e Tam<e y pe30HOBaH»y yweHiina, a fjojte yneHHKe ycwepa-

BaMO Ka KpearaBHOM MHiiiJBeH>y.

Ilocjie JXpyror CBercKor paTa iokhujtc y H3yHaBaH>y rpa/jHBa, HapoiHTO

y npHpoflHHM HaynaMa noMepiuio ce on MeMopHcaita MHH>eHHua na H3yMaBaH>y

omiiTHjHx 3aKOHHTOCTH, Teopnja, Koje y^eHHKe ocjio6ar)ajy 3anai«hHBaH>a MHorerx

AeTaJta, a /jajy My MoryhHocr ;ry6jber pa3yMeBaH>a rrpHpoflHHx nojaBa. Obo no-

MepaH>e je 6ima peaKHHja fle.iOM Ha eKcijonenu,nja.iHH nopacr noaaTana y no-

jeflHHHM HaynaMa, a /jejiOM 36or MoryhHocra ,ua ce no/jauH ycKJia/jmure y MeMopujy

ejieKTpoHCKHx pa^yHapa. Ocno6or)eHH KanauHTeTH ."byacKor M03ra MOrjra cy %a

ce ycMepe Ha jryojbe MeirrajiHe npouece (crBapaH>e acoirHjaimja, 3aKJbyMaKa,

pacyljHBaH>e Ha 6a3H aHajioraja) noTpe6HHx npn peiuaBaH>y ripoojieMCKHXCHTyaunja

MeTOfla pemaBaifca npoSjieMa h H>eHe BapHjanTe (yneifee nyTeiw OTKpHBaiia, xey-

pHCTH^Ke MeTO^e, Hcrpa>KHBa<jKH npHcryn) CMaTpajy ce Haj6ojbOM MeToao.w y

npouecy CTHuauba 3HaH>a y HacraBH. Maaa ce OBa MeTOfla BeoMa npenopyMyje,

y npaKCH ce Beoiwa Majio npHMeifcyje — 6ap kojx Hac. HajBepoBaTHHjH pa3.ior

3a to je HeflOBOJbHa ocnoco6jbeHOcr HaeraBHHKa aa CTBope hjih yo^e upoSjieMcne

cmyauHje h aa Bo^e HacraBy obom mctoziom. 3aTo heMo ce Ha Toiwe KpaTKo 3a-

APHoth: Ako y pacrBop KyxHitCKe cojih cunaMO pacrBop AgN03, crBapa ce

Tajior — to Hnje npoGjieiwcKa arryauHja; aim aKO npeTXOflHO CHnaMO Ma.io a.Mo-

HHjana y pacrBop KyxHH>CKe co.ih h 3aTO ce He crBapa Ta;ior — to je Beh npo-

6iieMCKa cHTyauHja 3a yqeHHKa y oflHocy Ha H>eroBO hckjctbo y npeTXOAHOM

encnepHMeHTy. Ka^a no;ryMaBaTe ejieicrpojiHTHMKy flHCouHjauHjy MOKeie H3Beerii

cjieaehH orjiea: y leTHpn enpyBeTe cnnaTe peflOM bohchc pacTBope NaCl, CaCl-*>

AICI3 H ihct CCI4 (Ha TaSjiH HcnHUJHTe H H>HxoBe (J)opMyjie!) h nocTaBHTe \Me-

HHUHMa mrraifce: lllia o»ieKyjeTe aKO ce thm pacrBopHMa floaa pacrBop AgN03-

JJa jih he ce ctbophth Tajior? Ymchhuh he 6hth H3HeHarjeHH hjto ce y 4. eiipyBeni

He crBapa Tajior. To je npo6jieMCKa cHryauHja Kojy Tpe6a ohh aa o6jacHe.

3a CTBapaH>e npoGjieMCKHX CHTyaunja HapOMHTO cy no^ecHH npo6:ieMii

KojH cy ce nojaBHJin y Tony pa3Boja xeMHje (HcropHjcKe npo6jie.MCKe cHTyaiyije) .

CBaKO OTKpnhe rrpecraBJba ycrBapH peuiaBaH>e Henor npo6.iei«a y HayuH, h>iix

Tpe6a caMO npH6jm>KHTH h kophcthth 3roflHOM npH.iHKOM y HacraBH. TaKBa

cy nHTaH>a: „OrKy,zi je ^ajiTOH 3Hao fla nocroje aTOMH na^a hx unje BHaeo?".

„y XVIII BeKy xeMHjcKe peaKiinje cy oGjauntaBajm aejcrBOM rpaBHTaunoHiix

CHJia H3iwer)y yecraua. JXa jih je to Tyiwaueibe TaMHo?" „Ha ocnoBy Kojnx noaa-

TaKa je ABoraflpo 3aKJbyMHO j\& cy MOJieKyjm flBoaTOMHH?" (Ha Ta6jm cy HcnncaHe

jeaHa^HHe H2 + CI2, H2 + O2 h H2 + N2).

y Be3H neAarouiKor Bor)eH.a yMeHHKa Tpe6a HanoMeHyTH «a ce koa Hac

TeK y nocjieAH.e BpeMe nojaBJbyjy iiporpaMHpaHH h no^ynporpaMHpaHH MaTepHjajui

3a H3yiaBan>e xeMHje y ocHOBHoj h cpe^H>oj ujkojih. OBa KopncHa MaTo^a omo-

ryhaBa H3yyaBaH>e xeMHje BJiacTHTHM TeMnoM h aaje yMeHHKy joui h MoryhHocT

fla KomponHiue Ta^HocT CBor oflroBopa. OBa MeTO^a je Bpno KopncHa HapoHHTO

3a cjia6Hje y^eHHKe h npn eKcnepHMeHTajmoj npoBepn hckhx HacTaBHHX je^H-

HHHa flajia je no3HTHBHe pe3yjTraTe y ocHOBHoj uikojih (IIIa6aii), I c})a3H cpeAH^er

ycMepeHor o6pa30Ban>a (3eMyH), Kano 3a MJiar)e, TaKO h 3a oapacjie yieHHKe

(PaflHHMKH yHHBep3HTeT, Hobh Beorpafl) .

IIoce6HO nHTaite je eBajryairnja paaa yMeHHKa h rrpoBepe H.HXOBor 3Has>a.

riopea Tpaanu>ioHajiHor ycMeHor HcnHTHBa&a ca CBojHM cyGjeKTHBHHM cjia6o-

crHMa nocrojH noTpeGa 3a oGjeKTHBHHM Ha^HHOM oueH>HBaH>a. OBaj npo6jiejw

je Be3aH 3a ocnocoCjbeHOCT Hauinx HaeraBHHKa aa cacraBe KOirrpcma nmaaa,

3aaaTKe h TecroBe 3Haaa h mk jih 3Hajy KaKO ce y npaKCH BprxiH oaper)HBaH>e



MepHHx KapaicrepHCTHKa hcthx. HanoMHH>eMO npn HHTepnpeTaimjh aoGhbchhx

pe3yjrraxa nocroje TeuiKohe npHHumiHjeJiHe npHpoae, na je 3aTO noTpe6HO aa

ce flocneflHO paanHKyjy craTHCTHMKH noKa3a1ej1.11 BCiaHH 3a opflHHajmy cKany

oa noKa3aTeJBa paunona:ine CKane.

Ha icpajy npeflaBai&a 6nhe npHKa3aHH pe3y:iTaTH je^Hor nonyiiiaja fla ce

AOOHjajy eKcnepHMeHrajiHHM nyTeiw noKa3aT&n>H o CBaKOM yqeHHKy y nomeay

iberoBor 3HaH»a h noTeHUHjajme ciiocoohocth H3 xejvmje. EKcnepHJweHT je H3-

bcuch y 13 0flejBeH>a I pa3pe,na IlpBe 3eMyHCKe rHMHa3Hje, 2 pa3peaa (VII h

VIII) ocHOBHe uiKOJie „roue JiemeB" y 3e»iyHy h y 3 Oflejbeity II pa3pe.ua

cpejnte uiKOJie (OC „To3a JIparoBHh") y KparyjeBuy. Ko.w6HHau.HjoM BHiue

TecroBa AoSiijeHH cy pe3yjrraTH nojH flocra noy3flaHO npeflBH^ajy MoryhHOCTH

yqeHHKa Ha KonniTHBHOM HHBoy, WHMe ce HacraBHHUHMa npywa noMoh fla JiaKiue

H3Bpme eBajiyaipijy 3naiba h cnoco6HOCTH cbojhx y^eHHKa H3 xeMHje.



CEKUHJCKA nPE^ABAH>A

TIPATiEHjE PEAJIH3AUHJE nPOrPAMA XEMHJE Y OCHOBHOJ UIKOJIH

H y 3AJE.HHHHKOJ OCHOBH CPEJJ,H>Er YCMEPEHOr OBPA30BAH>A

"BypfjHua BajraHfl

Peuy6Au*tKu 3aeog 3a yHaupefyueaibc eacuutuana u o6pa.3oeaiba

FLnaH h rrporpaM BacnHTHO-o6pa30BHor paAa y ocHOBHoj uikojih rrpHMea.yje

■ce y npaKCH oa uikojickc 1979/80. roomie, a y 3ajeflHiwKoj ochobh cpeoH>er

ycMepeHor o6pa30BaH»a, oa 1977/78. uikojickc roAHHe.

Maaa npaheibe noKa3yje aa cy pe3yjiTaTH H3 roAHHe y roflHHy hcuito 6ojbh

(6oji»e: n.iaHHpaH»e; yTBprjHBa&e, noHaBJbaibe h cHCTeMaTH3auHja rpaAHBa;

apTHKyjiarmja MacoBa; npaheite peaJiH3auHje nocraBJBeHHX UHJteBa h 3aaaTaKa)

h aajBe cy npHcyTHH npo6jieMH 3a *mje je OTKJiaH>an>e hjih CBor)eH>e Ha Man>y

iwepy noTpe6aH Ay>KH BpeMeHCKH nepnofl.

TecroBCKa HcnHTHBaita cy noKa3ajia Aa je HacraBa xeMHje h y ochobhoj

uikojih h y 3ajeflHHMKoj ochobh y BejmKoj iwepn Bep6ajiHa. HajBehH npoueHaT

Ta^HHx oaroBopa nar je Ha ran-aita noja 3axTeBajy oa yieHHKa Aa rpaAHBO pe-

npoAyKyje (hhbo 3HaH>a), a Haj;«aH>H npoueHaT Tammx OAroBopa AaT je Ha nn-

TaH>a y Kojwwa ce Tpa>KHjio Aa y^eHHK OAper)eHe npHHUHne hjih 3aKOHe npHMeHii

y pemaBaity TeopnjcKHx h npaKTHMHHx npo6jieMa (hhbo npHMeHe).

BejiHKy TeuiKohy 3a ycnemaH BacnHTHO-o6pa30BHH paA h y ocHOBHoj uikojih

h y 3ajeAHH«iKoj ochobh npeAcraBJbajy MaTepHjajiHH yciOBH. H nopeA Tora uito

nocroje HopMaTHBH HacraBHHX cpeAcraBa, 3a peajiH3auHjy hobhx nporpajwa,

nporpaMH ce y HajBeheM 6pojy uiKOJia peajiH3yjy y crapHiw (3aTeieHHM) ycjio-

BHAia. Behn 6poj uiKOJia, KaKo ochobhhx TaKO h cpeAH>Hx, Heiwa HaMeHCKH Ka6HHeT.

MHore uiKOJie HHcy cHaSAeBeHe hh HajnoTpe6HHjHM npH6opoiw h xeMHKajiHjaMa

3a H3Bol)eH>e npaKTHqHHx bok6h, 36or nera AOMHHHpa BepGajma HacraBa, uito

cy noKa3ajra, Kao uito je Beh HcraKHyTO, h pe3yjrraTH Ha Tecry.

y Behejw 6pojy uiKOJia HacraBmraKe ShSjihotckc cy cjiaSo CHa6AeBeHe

crpyMHOM JiirrepaTypoM, KaKo 3a crpy^HO TaKO h 3a mctoahuko ycaBpuiaBaH>e

HacraBHHKa.

HacraBa je, yrjiaBHOM, crpy^HO 3acrynJbeHa, MerjyTHM, MHorn HacraBHHi^H

HHcy y AOBOJBHoj Mepn ocnoco6jteHH y crpyMHOM h mctoahhkom norjieAY 3a

H3Bor)eH>e HacraBe no hobhm ruiaHOBHMa h nporpaMHMa.

y OAejbeH>HMa HMa bcjihk 6poj yMeHHKa uito yivuioroMe OTe>KaBa H3Bor)eH,e

rrpaKTH<?HHx bok6h. y BeheM 6pojy uiKOJia yonuiTe HHcy opraHH30BaHe B»K6e,

uito je CBaKaKO nponycr KaAa ce Hiwa y BHAy Aa je 3a ycneumy peajiH3au.Hjy rrpo-

rpaMa xejvuije rrpeTnocTaBKa peajiH30BaH>e npaKTHiHHX b«k6h.

Behn 6poj HacraBHHKa 3acTyna rjieAHUiTe Aa yySeHHUH 3a ocHOBHy uiKojry

HHcy ycKJia^eHH ca ncHxocpH3HMKHM MoryhHOCTHjvia y*ieHHKa h Aa je MaTepHja

H3Jio>KeHa cyBonapHO. IIopeA Tora, jeAaH 6poj HacraBHHKa ciwaipa Aa je H3Bec-

hhm AeJioBHiwa yy6eHHKa AaTo npeBHUie MecTa (npHMeAoa ce noce6HO oahoch

Ha VIII pa3peA).
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HcxasH HacraBHHKa, Ka^a je y nara&y yufieHHK 3a I pa3pe« 3aje;pnroKe

ocHOBe, cy npmraMHo yjeoraHeHH. YvSeHHK je or expose BefaHHe HacraBHHKa

npHXBaheH Kao 3aflOBOJi>aBajyhH . Bmue rrpHMeaaGa HMa Ha yuSeHHK xeMHje 3a

II pa3pe«. H3BecraH 6poj HacraBHHKa 3acryna rjie/rHurre aa HeKe Tejwe y yu6e-

HHKy HHcy caBpeMeHO oopafieHe, a fla je je^aH aeo yuSeHHKa npeABMeH3HOHHcaH

h y norjieay o6HMa h y norjieay 3axTeBa. (Ofl uikojickc 1981/82. roflHHe y yno-

Tpe6H je hob yuoeHHK.

OpraHH30BaH>y /lo^arae, AonyHCKe h (paKyjrraTHBHe HacraBe He npiuia3H

ce aobojbho nnaHCKH.

Joui yBeK y cbhm 3aBO£HMa Ha TepHTopnjH CP Cp6nje He nocrojH caBeraHK

3a HacraBy xeMHje, uito je bcjihkh rrpoSjieM. Hero Tano, y BehHHH rmcojia He

nocrojH capaflHHK y HacraBH.

3aK/byvaK: Ha 6h ce uhjbcbh h mbbuh nporpaMa xeMHje, KaKO y ochobhoj Tano

h y 3ajeflHHMKoj ochobh cpejnter yciaepeHor o6pa30BaH>a 6oji>e ocTBapmni, no-

xpeOHo je: noSojtmaTH MarepHjanHy 6asy uinojia, pa^HTH Ha nepMaHeHTHOM

crpytiHo-MeTOflH»n<OM ycaBpuiaBafty HacraBHHKa, npaTHTH yuoeHHKe h rrpHpyi-

HHKe h BpnraxH o^rroBapajyhe KOpCKOHje, pa3Morpaiu MoryhHocr flOBofjeita

caBeTHmca y 3aBoae y KOjmia hx He«a, Kao h AOBofcabe capa#HHKa y HacraBH.

nEPMAHEHTHO OBPA30BAH>E HACTABHHKA XEMHJE

y jyrocjiABHjH*

TopaaHa "BokhH Gilchrist

npupogHO-MoiueNiauiuHKU (panyjiuieui, Eeoipag

norpeoe 3a nepMaHCHTHHM oGpa30Ba&eM HacraBHHKa xeMHje npoH3HJia3e

H3 cjieflehnx paaraora:

— noBehaHH saxreHH o,n crpaHe npoH3BOflHor paaa,

— eKcnoHeHUHjajiHH pacr 6poja raKpopMairnja y xeMHjH,

— ynorpeSa hobhx CHcreiwa KOMyHHKauHja h

— HHTepflHCHHruiHHapHH Kapaicrep ohhx oGjiacrn xeMHje Koje cy or no-

ce6Hor 3Ha^aja 3a pemaBaifce npoSjieiwa Kao urro cy eHeprnja, xpaHa,

CHpOBHHe HTfl.

jl,a 6h ce yTBpamio r^e je o6pa30BaH>e HacraBHHKa xeMHje y JyrooiaBHjH

y oflHOcy Ha caBpeMeHa KpeTauba y cBeTy, aHKeTHpaHH cy (paKyjrreTH h neaarouiKe

aKaAeMHje Koje o6pa3yjy HacraBHHKe xeMHje.

y aHKeTH cy Tpawemi oaroBopH Ha mrraifea Koje ce OAHOce Ha uHJBeBe,

caapHoj, MeTOfle, TexHHKe h eBajryauHjy y:

— flOflHitiioMCKOM o6pa30BaH>y HacraBHHKa xeMHje,

— nocjieflHiuiOMCKOM o6pa30BaH>y HacraBHHKa xeMHje,

*Hano»teHH paa je «eo floicropcKe tcx noa MearopciBOM ITpo<}>. AneKcaaffpe Kopwcay-

aep, <I>aKymCT 3a npnpoflHe HayKc h TexHo^orajy, yHHBep3HTeT EflBapaa Kapflejta y JBy6jbaHH
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— paanHmn-HM oGjmirHMa o6pa30BaH>a HacraBHHKa xeMHje y3 pan h h3

paaa,

— hhbo noBe3aHocrH o6pa30Baiba HacraBHHKa xeMHje ca apynuw aeJioBHMa

yflpyweHor paaa h

— MeTO,ne eBajiyaunje o6pa30BaH>a HacraBHHKa xeMHje, npe CBera y3 pan

H H3 pa/ja.

Pe3yjiTaTH aHneTe noKa3yjy Aa:

— crajiHo crpyHHO o6pa30BaH>e o6yxBara caMo KJiacH«me OPrAHH3A-

IJHOHE OEJIMKE,

— CAJJPJKAJ crajmor crpyMHor o6pa30BaH>a HacraBHHKa xeMHje yrjiaBHOM

o6yxBaTa ocBe>KaBaK>e 3HaH>a y noje/nmHM flHCiyinjnmaMa xeMHje,

— METOME OEPA30BAF&A Koje ce Kopncre y Behoj Mepn cy eMrm-

pnjcKor Kapaicrepa,

— caBpeMeHe TEXHMKE OEPA30BHOrPAJJA HHcy uinpoKo 3acTynjbeHe

— CKopo fla h He nocrojH CHcreM EBAJ1YAIXUJE crajmor crpymior yca-

BpiuaBaita HacraBHHKa xeMHje, h

— <PHHAHCMPAH>E nocrojeher crpywor ycaBpuiaBaaa HacraBHHKa

xeMHje npeflcraBjba o6aBe3y caMHx uiKOJia h CH3-0Ba 3a o6pa30BaH>e.

HOBA HACTABHA CPEJJCTBA Y HACTABH XEMHJE

BpaHKo IIonoBHh

OIU JIa3ap CaeauLuh, 3eMyu

E[o3HaTo je jja cy xexHrnma oTKpHha noKpeTaMKa cnara He caMo y ccpepn

MaTepHjajme npoH3BOfln>e, Beh h y pa3BHjan,y HHTejieKTyajiHHx CHara caBpe-

MeHor yoBeKa.

H3BaHpeflHO 6p3 pa3Boj HayKe h TexHHKe 3axTeBa on cbhx Kojn paae y

HacraBH aa ce y HajBehoj MepH ory>Ke cbhm tcxhhmkhm noMarajiHMa Koja cy hm

Ha pacnojiaraity Kano 6h y^emiuHMa oMoryhnjiH h ojiaKuiajm jj.a ca nyHHM pa-

3yMeBa&eM npHMajy 6p30 h ecpHKaaio mhouitbo HH(J)opMauHja.

HacraBHHiHi Kojn h aajte ynopHO npHMeibyjy caMo miacniHy rrpeaaBa»n<y

MeTOfly, H36eraBajyhn CBe oho iuto hm rrpywajy HacraBHa cpeacrBa, HHKaaa

Hehe nocrnhH KBainrreT, a joui Maite KBaHTHTeT y HacraBHOM npouecy. HunaKBH

KJiacH^HH oSjihuh pa^a, He Mory 3aflOBOJBHTH flaHaimte 3axreBe y HacraBH. He

CMe ce 3a6opaBHTH fla obo BpeMe aohoch CBe BHUie HacraBHor rpaflHBa Koje y*ie-

hhuh Mopajy caBJia/jaTH h Koje hx CBe BHiue orrrepehyje. IIpHMeHa HacraBHHx

cpencraBa noMohn he hm jja ra caBJiaaajy Ha HajecpHKacHHjn Hamm. npaBHJiBo

npHMeH>eHa HacraBHa cpeflCTBa aKTHBHpajy cBa y^eHHKOBa *ryjra y npouecy yne&a.

3aTO ce npn rrpHMaay hobhx HH(popMauHja y3 noMoh caBpeMeHHX HacraBHHx

cpeflcraBa noBehaBa H>HXOBa caMocrajiHocT h cnocooHocr naMheita, a CMa&yje

(paicrop 3a6opaBHOCTH.

HacraBa xeMHje cneuH<jMmHa je 6am no TOMe mTO mh HCMaMo uyjio 3a mi-

peKTHo nocMaTpaae xeMHjcKHX nojaBa. 36or Tora je npejia3 on KOHKpeTHor Ha
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ancrpaKTHO Miinubcibe y obom npeAMeTy npHJimiHO cjiowen. To h jecre pa3nor

KojH Me je HaBeo fla pa3MHiwi>aM o hobhm HacraBHHM cpeflcrBHMa h noMar&iHMa,

aa HX MOaH(})HUHpaM H CTBapaM.

Kao /iyroroAHUiH>n npai<TH«iap h npeflaBaM y htcjbh %a noMorHeiw ywe-

HHUHMa, MojHM KOJieraMa h ce6H, KOHCTpyncco caM HOBa HacraBHa ywnjia h yca-

BpuiHO MHora nocrojeha. Obom npHJiHKOM HaBemhy HeKa o;i h>hx, i<oja npea-

craBJtajy HOBHHy y HacraBHOM nponecy (y HacraBH xeMHje):

— nHeyjviaTCKa Kaaa ca ApncaieM enpyBeTe h ycMepHHKOM racoBa,

— „mhhh" jiaSopaTopuja (3a ceMH-MHKpo JweTOfly) noja ce MO>Ke i<opH-

cthth y HacraBH xeMuje h BaimacoBHiiM aKTHBHOCTHiwa.

— yHHBep3ajiHH anapaT 3a ejieKTpoxeMHjcKa HcnnTHBaiba, noMohy nojer

ce Mory H3BecrH totobo cbh orjienn 3a noje je iieorrxonHa ejieKTpHUHa crpyja

Kao uito cy:

a) npoBOAJBHBOCT e;ici<Tpo;iHTa h mbpcthx cyncraHUH,

6) ejieKTpojiH3a Bo^e,

u) AoSHBaibe npacuasor raca,

n) rajiBaroraairHja h ejiOKCHpaite,

e) c.iei<Tpo-Kopo3Hja,

cj)) fleMOHcrpaiiHja KpcTaita jona.

— yHHBep3a.nHii je^HOCMepHH ncnpaBjbai 3a encnepHMeHTe y HacraBH xewnje

II (})H3HKe,

— anapaT 3a iipojeKTOBaifce onesa noMohy anja-npojeKTopa h flHjacpojiHje.

IToMohy OBor anapaTa Mory ce AeMOHCTpiipaTH crneflH ca iwajiOM kojihhhhom cyn-

craHUH — KpeTaibe jona y pacrBopHMa h ra.HBaHH3au.Hja,

— HOBa KOHcrpyKirnja anapaTa 3a e.'iei<TpojiH3y BOfle, ;io6HBaH>e npacKasor

raca h HcmiTHBarfce c.ieKTponpoBOAJbHBOCTH pacrBopa, ca yrpar}eHHM ncnpaB-

jbaMCM 11 MoryhHomhy y5p3aBait>a xeMHjcKHX nponeca,

— anapaT 3a aecrHJiarjHjy Bo^e ca yrpafjeHHM .Johckhm" rpejaqeM MHAie

ce nocrHH<e Behn KanauiiTeT 3a 3HaTHO i<pahe Bpeiwe. OBaj anapaT kophcth joHcne

iccTHue Koje ce Hana3e y TBpaoj BOflH,

— anapaT 3a ejiei<TponH3y Bo^e no Xo(j)MaHy,

— EneKTpHMHH anapaT 3a caBHjan>e craKJieHHx neBH 2 30 6 mm 3a no-

Tpe6e xeMHjcKHX Jia6opaTopnja.

ITpHHUHn pana obhx anapaTa Kao h H>HX0Ba KOHCTpyKTHBHa pemeita ae-

MOHcrpHpahy Ha CHMn03HJYMy O HACTABH XEMHJE Kojn he ce oap-

hoth y Eeorpaay on. 18—20 jaHyapa 1983. ronnHe Ha TexHOJiouiKOM (paKy;rreTy.

nPATiEIfcE PEAJIH3AUHJE nPOrPAMA XEMHJE y OCHOBHOM H

3AJEjmHHKOM CPEJ^IfcEM BACIIHTAH>y H OEPA30BAH,y y CAII

BOJBOjmHH

Po3a:iHja XopBaT

IlegaiouiKU 3aeog Bojeogune, Hoeu Cag

npocBeTHH caBeT BojBOAHHe ycBojno je jyHa 1974. roaime HOBe iuiaHOBe

h nporpaMe ocHOBHor h 3ajenHHWor cpefliter Baamra&a h oGpasoBa&a.
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IlapanejiHo ca npmvieHOM hobhx n.iaHOBa h nporpaMa npHCTyromo ce h

npaheH>y HdHxobc npHMeHe npeiwa npojeicry ripaheite peajiH3auiije hobhx njiaHOBa

h nporpaMa BacnHTHO-o6pa30BHor paaa Kojn je caHHHHO IleflaroujKH 3aBoa

BojBOAHHe. Tokom hcthph roAHHe (oa 1975/76. no 1978/79. niKOJicKe roAHHe)

cynqecHBHor npejiacna Ha psm no hobom nnaHy h nporpaMy ocHOBHor Bacmrraifea

h o6pa30Ban»a, oahocho flBe roflHHe (1975/76. h 1976/77. uiKOJicKe roAHHe)

no hobom ruiany h nporpaMy 3ajeAHHHKor cpefliter BacnHTan>a h o6pa30Baa>a

CHcreMaTCKH ce npaTHJia h BpeflHOBajia ibuxoBa peajnuauHja y HeiiocpeAHoj

npoHCH.

IlpeMa rrpojeKTy, npaheite je 6hjio opraiuuoBaHO y y3opKy on ocaMHaecr

OCHOBHHX h ocaMHaecr qseflifcHX niKo;ia, a oGyxnaheHe cy 6HJie no Tpn uiKone

H3 cbhx Me^yorauTHHCKHX npocBeTHO-nciiaroiuKHX 3aB0^a. Mer)yrHM, oflperjeHH

npo6jieMH h nojaBe, 3a Koje je nocrojao uiKpn Hnrepec hjih ce o H>HMa mje Morno

3aKJbyMHBaTH Ha ochobh noflaTana H3 pejiaTHBHO Majior 6poja niKOJia, 6hjih cy

npaheHH, BpeflHOBaHH h aHajiH3HpaHH no jeflHHCTBeHoj MeTOflOJionijH h y hjko-

jiaMa Koje y3opKOM HHcy 6nne o6yxBaheHe.

Tokom npahe&a npHMeHe nporpaMa xeMHje wenejiH cmo fla HcnirraMO :

KaKO ce ocrBapyjy onuiTH ycjioBH npHMeHe nnana h nporpaMa, uhjbcbh BacnHTaa>a

h 3aAauH BacnnTHo-o6pa30BHor paaa h carjie^aMO KBajurraTHBHy h KBaHTHTa-

THBHy oopaMy nporpaMCKHX caapHoja, BacnHTHO-o6pa30BHe etpeKre pa^a, y3a-

jaMHH o/jHoc nporpaMCKHX ca#p>Kaja h HjHxobc HHTepnpeTanHje y yuGeHHUHMa,

creneH oirrepeheHOCTH h aHra>KOBaHOCTH y^eHHKa h HacraBHHKa.

Ilopefl npHMeHe onuiTHx HHcrpyMeHaTa, ynoTpeGjieH je JXhcbhhk peajm-

3aunje nporpaMa BacrarrHO-o6pa30BHor pa^a, Kojn cy boahjih HacraBHHUH, JXo-

KyMeHTanHOHH jihct o oflp>KaHOM Macy, Kojn cy nonyHHJiH caBeTHHUH 3a xeMHjy,

Kao h aHKeTa 3a HacraBHHKe h yqeHHKe, H3BpmeH0 je h o6jeKTHBHO Bpe/jHOBaabe

3Han>a y^eHHKa TecTOBHMa.

Ha ocHOBy Hcrpa>KHBaH>a nejjaroniKor 3aBOfla BojBOAHHe, MapTa 1981.

roflHHe, yTBp^eHa je MaTepHjajiHO-TexHHWKa onpeMJieHocr cbhx BacnHTHO-o6pa-

3obhhx opraHH3anHja ocHOBHor BacnHTaaa h o6pa30BaH>a y CAI1 Bojboahhh.

OcnocoSjBeHOCT yqeHHKa 3a yoiaBarfce 6hthhx Be3a h o^Hoca, o/ihocho

3a cxBaTan>e h TyMane&e 33kohhtocth y npHpoAH Kao h 3a npHMeHy 3Han>a, npnH-

unna h 3aKOHHTocTH y cBaKOflHeBHoj aKTHBHocra h npaKTiruHoj paflHoj flejiaT-

hocth carjieflaHa je IlpojeKTOM 3a HcnHTHBaKbe (TecrapaH>e) ycnexa cbhx y^eHHKa

ochobhhx h 3ajeflHHm<HX cpeAH>HX uiKOJia y 1979/80. uiKOJicKoj toahhh y CAJI

BojBOflHHH. IlocTHrHyTH pe3yjrraTH noKa3yjy HanpeaaK y oflHOcy Ha pe3yjrraTe

noKa3aHe tokom npaheita, ho joui yBeK He mohkcmo ca H>HMa 6hth 3aaoBOJBHH.

Pe3yjiTaTH npahe&a peajiH3auHje nporpaMa xeMHje y ochobhom h 3ajejrHHH-

kom cpeflH>eM BacnHTaH>y h o6pa30BaH>y flonpHHeJra cy: no6ojiinaH>y onurrHx

yciiOBa npHMeHe nnaHa h nporpaMa, .necpHHHca&y H CTpyKTypHpaH>y BacnHTHo-

-o6pa30BHHX 3aflaTaKa, pacrepeheHby nporpaMa y 3aje,arorqK0M cpe/jH>eM BacnHTaH»y

h o6pa30BaH.y — KopHroBaHH miaHOBH npHMeayjy ce oa 1982/83. niKoncKe

roflHHe, Kao h o6jaBJbHBaH>y 36npKe orjieaa ca crexHOMeTpHjcKHM 3aaauHMa

3a VII h VIII pa3peA ochobhc uiKOJie, PajjHe CBecne ca orneflHMa h IIpHMepa

h 3aaaTaKa H3 onuiTe xeMHje 3a yneHHKe 3ajeflHira<or cpe/XH>er BacnHTaH>a h

o6pa30BaH>a. 06jaBJi>eH je h Mctoahmkh npHpyMHHK 3a HacTaBHHKe xeMHje

y3 yu6eHHKe VII h VIII pa3pe/ja ocHOBHor BacnHTaaa h o6pa30Ban>a.
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OCTBAPHBAIfcE HEKHX BACnHTHO-OBPA30BHHX 3A.HATAKA Y

flOflATHOJ HACTABH XEMHJE

MHJieHa HlypjaHOBHh

MefyyouwiumcKu upoceeuuw-iiegaiowKU 3aeog Hoeu Cag

BacnnTaH>e h o6pa30BaH>e Kao apyuiTBeHa aejiaraocT niwa 3aAaTaK Aa ao-

npHHOCH pa3Bojy coHHjajiHCTHiKor apyuiTBa h CTBapajiaMKHX cHara paflHHx

jbyflH, xyMaHH30BaH>y coijh jajiHCTHUKHx cai«oynpaBHHx oAHoca h nojtH3aity

npoAyKTHBHocTH pafla-3HaHH, aa aonpHHOcH onuiTeiH HanpeTKy apyuiTBa.

IJhjb cooHjajmcTH^Kor BacnHTaiba 11 o6pa30BaH»a, 3acHOBaHor Ha tckobh-

Ha»ia Haiue peBOJiyqHje, HAeojiornjH MapKCH3Ma, ofljiy^iyjyhoj yji03H yapy>KeHor

pa^a h Ha AOCTHniyhHMa Hayne, TexHHKe h Kyjrrypa yonurre, jecre cjioBoaaH,

HecnyraH pa3Boj CBecrpaHe jhthhocth. Xejvuija Kao (pyHAaMeHrajma Hayna y

CKJiony HejioKynnor BacnHTHO-o6pa30BHor pa^a y ihkojih HMa noce6aH 3Ha^aj.

3aflaqH xeivuije Kao HacraBHor npeflMeTa y ihkojih HaJia>Ky Aa nyTeM o6page npea-

BH^eHHX oaaSpaHHX caap>Kaja yTH^e iia cpopMHpaite yBepe&a yMemiKa o iviaTe-

pHjajiHocrH CBeTa, o H>eroBoj jeAHHCTBeHOcra, o MoryhHOCTHMa Aa ce oh nociwaTpa

h npoy^aBa nojia3ehn op, pa3HHX CBojcraBa npnpoAHHx nojaBa h npnpoAe yonurre.

PeAOBHa HacraBa xeiviHje noACTH*ie h ocnoco6ji>aBa yieHHKe 3a noci«aTpaH>e,

eKcnepHAieHTHcaibe, Hcrpa>KHBaH>e h Tyiwa*ieH>e xeivuijcKHX nojaBa h h>hxobhx

3aKOHHTOCTH, pa3BHjajyhH cnoco6Hocr yoqaBa&a h pa3JiHK0BaH>a nojaBa a koa

neKHx yMeHHKa h cnoco6HOCT KpHTHMKor MHuijbeH>a. JloAania HacraBa xeivuije

(AOAaxHH BacnHTHo-o6pa30BHH paA ca ooAapeHHiw yqeHHimiwa) pa3BHja y Behoj

Mepn h CTBapajiaMKo MHiujBeH>e, HHTepecoBaH>e 3a y^eifce h Hcrpa>KHBaH>e h

>Kejby 3a OTKpHBaH>eiw HOBor.

Ufub caonuiTerta je Aa yKa>Ke Ha MeTOAe, AOivieTe, 3Ha*iaj h yjiory AOAaT-

Hor paAa H3 xeivuije y o6.iHKOBaH>y iwjiaAHx. Ilojia3ehH oa MHH>eHHne Aa ce e(peKTH

peAOBHe h AOAaTHe HacraBe y Hcrpa>KHBaH>HMa Hajueinhe aoboac y Be3y ca H3-

Bor)eH>eM encnepH ieHaTa (tj. ca rrpHivieHoiw paarnmHTHx o6jiHKa jiaSopaTopHjcKe

AieTOAe paAa), y obom caomuTeiby ce noce6Ha nanoba nocBehyje KopHmheity

pa3HHx THnoBa npoojieMCKHx 3aAaTaKa. 3aAaini Kojn cy npHMeaHBaHH y paAy

ca o6AapeHHM yieHHiuiivia oAa6paHH cy TaKO Aa OMoryhaBajy AncpepeHiuipaHH

npncryn yMeHHHHiwa h yBa>KaBarf>e h>hxobhx HHTepecoBaH>a, MoryhHocra, ckjio-

hocth h cnoco6HocTH. XnjepapxHjcKH nopeAai< o6pa30BHHX HHJbeBa 3acrynji>eHHX

y 3aAaHHiwa, nocrynHO >'boah yqemiKe y BeuiTHHy TaGejiapHor n rpacpnqKor

npeACTaBJbaiba npHKyrubemix eKcnepHMeHTajmnx hjih TeopnjcKHX noAaTaKa, y

aHajiHTHMKo h CHHTeTHijKo noBC3HBaH>e ejieMeHaTa, oAHoca h npHHunna; na OBaj

HawHH, yMeHHHH OBJiaAaBajy 3HaH>HAia hs noce6HHx o6jiac™ TeopnjcKe xeivuije,

yBOAe ce y njiaHHpaite h H3Bor)eH>e eKCiiepHiweHaTa, y npHKynjbaH>e h aHanH3H-

pan>e AoGnjeHMX pesyjrraTa. H3paAOM 3aAaTaKa Kojn rrpnnaAajy bhuihm TaKCo-

homckhm KaTeropHjaivia KormiTHBHor noApyija, Kao ihto cy HanpHiwep aHanH3a,

CHHTe3a h eBajryauHja, 6e3 cyMH>e ce Mo>Ke AonpHHeTH ycBajaity 3Han>a BHCOKor

KBajiHTeTa h yBofjerty ivuiaAnx y HcrpawHBawn h CTBapajiawH paA-



CAOimiTEH>A

AHAJIH3A PEAJIH3AUHJE nPOrPAMA TIPEflMETA ..TEXHHKA PAJ1A

y XEMHJH" H „nPEnAPATHBHA OPrAHCKA XEMHJA"

Pa^MH ia EpaHKOBHh

OBO „Mmua Ilujage", Eeoipag

Ha ocHOBy HeTBoporoflHiuiber HCKycnsa, pea.iH3aiuije nporpaMa „TexHm<e

paaa y xe.MHjH" y OKBHpy 3aHHMan>a TexHimapa 3a oprancuy h HeopraHCKy xe*mjy

H3BpmeHa je aHajiH3a iuiaHa h nporpaMa, yu6eHHKa npe,a,BHl)eHHx y OKBHpy crpyKe.

TaKol)e je H3BpuieH ocbpt na npHJiaroljeHOCT yqemiKa cvtfOBapajyheM nporpaMy,

Kao ii ocnoco6jBeHOCT hcthx nocjie pea;iH3au,Hje nporpaMa. ,H,aTe cy cyrecrHje

nHCim.\ia yySeHHKa oa crpaHe npocjjecopa HSBoIja^a HacraBe.

Kano cy npoGjieiviH cjihmhh h ca npeaweTOM „IlpenapaTHBHa opraHCKa

xeMHja" — ycjie^HJia je HCTa aHajiH3a h cyjroBapajyhe cyrecrHje.

nPH.lOr HHTEPnPETAUHJH TIEPHOHHOr CHCTEMA EJIEMEHATA

JJ,.H. MEHJJ.EJLEJEBA Y HACTABH XEMHJE UHflaKTHMKo-MeTOflHMKH

acnei<T)

GraHKO P. BacKOBapqHh,

Buxua iuexHOAOiuKO-uiexHUHKa iuko.m, Kpyiueean

OBaj CKpoMaH nonyiiiaj HCTpa>KHBan.a HacTaBHe oSpa^e ocHOBHor npo-

rpaMCKor caapwaja y iiacraBH xeMHje caap>KH Tpii nor.iaBJba:

1. AleTOACKH npHCTyn o6pa,an iiacxaBiie Tei«e „H3rpa;ni>a ncpiioaiior ch-

CTeMa ejieMeHaTa" y I pa3pejiy 3ajeAHHii<nx ocHOBa

a) Ochobhh caflpnoj h Te3e:

— BacnHTHO-o6pa30BHH 3aflaiui

— HcTopHjcKH nyT pa3Boja H/jeje o K.iacHcpHKamijn xcmujckhx ene.McnaTa

(JIaBoasje, JJ,e6epajHep, Bby.ieHAC, Majep)

— ripHpoflHH cHcreM e.ieMeHaTa JJ.H. MeHaeJbejcBa

— MeH^eJBejeB npeflci<a3yje nocrojaite Heno3HaTHx e.ie.weHaTa

Kai<o je MeHaeJbejeB o,npe}jHBao aTOiMcne Mace xcmiijckhx ejieMeHaTa
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— IlepHOflHH chctcm ejieMeHaTa Kao cjajHa noTBpaa ocHOBHor 3aK0Ha

AMjajieKTHKe: npe.rca3aK KBaHTHTCTa y KBajnrreT

— RjiCKTpoBCKa KOHCpHiypauHja btomb h IlepHoaHH chctcm

— ripHHUHn H3rpal)HBaH>a IlepHOflHor CHcreau

— rpacpHMKa HHTepnpeTaimja XyHflOBor npaBHJia

— IIoTBpaa AHjajieKTHMKor aaxona Herainija Haraimje npH npejia3y iweTajia

Ka HHepTHOM racy h oa H>era Ka Merany

— CaBpexena ae(pHHHuiija ITepHoaKor aaxoHa

— Haarpaa&a IlepHoaKor CHCTexa (eBOjryTHBBH pa3Boj IlepHoaHor ch-

crawa oa MeHflejbejeBa ao Haumx nam).

Cbc Tpn BpeABOCTH KoefpHUHjeirra penHjaCHJiBOCTH yKa3yjy Ba noy3flaBOCT

Tecra Kao iwepHor HBcrpyMeKTa.

II MoryhHOCT KBaHTHTaTHBHor npHcryBa oopaan IlepHoaBor CHcreMa y

HacraBH xejvmje cpeaiter yciviepeKor h BHUier o6pa30Basba

III MeToaHKa penianaiba 3aaaTaKa y xeMHjH ca npHMeHOM Ha oojiacr ITe-

pHOflHor CHcreMa eneiweHaTa

1) JlHAaKTHMKo-MeTOAHMKH npHcryn 3aaaTKy H3 xejvuije npo3 npniviepe h

petueita

2) AHajiH3a pe3yjrraTa yyeHHKa h cryaeKaTa KpyuieBaMKHX cpeflH>HX h

bhiuhx uiKOJia y peuiaBaH»y 3aaaTana H3 o6jiacrH IlepHoaBor CHcreMa ejieiweHaTa.

MOTHBAIIHJA KAO JEflAH Ofl KJBY^HHX OAKTOPA YCnEIIIHOr

y^EH>A

B. BajraHa h T. Heanh

npupogHO-MaiueMoiuuHKU ipaKyAiueui, Eeoipag

Ilpoqec noKpeTaH>a aKTHBHOCTH MOBeKa, ycMepaBaH>a H>eroBe aKTHBHOCTH

Ha oapel)eHe oSjeicre h peryjiHcaH>a Te aKTHBHOCTH paaH nocrH3aH>a oapefjemix

UHJbeBa, Ha3HBa ce MOTHBauHjoM. IIoKpeTaTOe cHare Koje H3a3HBajy h yciviepaBajy

aKTHBHOCT H ynpaBJbajy H>OMe, Ha3HBajy ce MOTHBHiwa.

y OKBHpy jeasor BacnHTHO-o6pa30BHor npoueca, MOTHBaunja je jeaas oa

KibyMHHX ^MHUJiaaa ycneumor yneaa. HeaocraTaK MOTHBaunje Koa yyeHHKa,

6e3 o63Hpa Ba ynoTpe6jbeHe BacraBBe iweToae, bcmhhobbo aoBoan ao Heycnexa.

OBaj BeaocraTaK ce y HacraBHoj npaKCH OTKJiaH>a npHjweBOiw yooHMajeHHX cpea-

craBa 3a MOTHBauHjy Kao bjto cy noxBajia, Ka3Ha, capaan>a h yTaKAuma, Kao h

3HaH>e o nocTHrHyTHiw pe3y.iTaTHMa. OBa cpeacTBa noseKaa HHcy aoBOJBBO ecpH-

KacHa, jep H>HXOBa npHMeHa H3y3eTHy na>KH>y h ao6py npoueBy yyeHHKa oa

crpaKe naeraBBHKa iuto noHeKaa HHje Moryhe c o63HpoM Ha BpeiweHCKa orpa-

HHMen>a h pejiaraBHO bc.ihkh 6poj yueKHKa y OKBHpy jeaBor oae-teH>a.

Mh cmo ce y HauiHM HCTpa>KHBaH>HJwa opHjeHTHcajin Ha noKymaj rpynHe

MOTHBaqHje yieHHKa yHOHieibeM H3BecHe ao3e xyMopa y HacraBBH caapwaj h

cTBapaH>eM TaKBe paase aTMoc(})epe y Kojoj aoMHHHpa capaaH>a h Bpjio BHCOKa

aKTHBBOCT yqeHHKa. He HapyniaBajyhH oBaKBHM Ha#HHOM paaa aocneaBy npn-

i»eHy oaroBapajyhHx anaaKTHMKHx npHHuima h npaBHJia, Kao KpajH>H pe3yjrraT

aooh.ih cmo BeoMa 3aaoBon>aBajyhe pe3yjTraTe Ha KoraHTHBBOM njiaHy.
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CABE3 OPrAHH3AUHJA „HAYKY MJIAHHM"

— TaKMHMeita hjih CMorpe —

MeaoMHp "BypHh

ITyHHX 18 roflHHa ce yMeHHUH cpeaifcHX iunojia a Heurro MaH>e h vmchkuh

ochobhhx uiKOJia TaKMme H3 xeitinje y OKBHpy aKTHBHOCTH CaBeaa opraHH3anHja

„Hayny MJiaaHMa".

HocaaanntH pe3yjrraTH Ha ujkojickhm, oiuhthhckhm, rpaacKHM, peny6jnra-

khm h caBe3HHM TaK.MHMCHjHMa , HaBoae Ha 3aKJbyMaK aa cy OBa TaKAumeH>a 6mia

AiacoBHa ajra He caAio no 6pojy yqeanma Beh h no nocTHrayTHM pe3yjrraTHMa,

CBe je obo o6aBe3HBajio opraHH3aTope aa Hcrpajy aa npoHajia3e HOBe o6jnn<e

h iweToae paaa y paay ca MJiaflHAia, aa MJiaaocr Koja je Jiena h HenoHOBJbHBa yMHHe

JiemnoM h 3a apymTBO KopHCHHjoiw.

BehHHa penyS.iHKa h noKpajraa nocreneHO oaycrajy oa TaKMHMeH>a h Hera

3aMeH.yjy CMOTpaMa CTBapajianiTBa MJiaanx. Koje cy npeaHOCTH TaKAuraeiba,

uiTa ce 3ajviepa TaKMH*ieH>HMa h urra ce nocriDKe ca ciwoTpoiw? J\a jih CMOTpe oc-

TaBJbajy yTHcaK o6e3BpeI)HBaH>a Harpaaa h npraHaifea? JI,a jih cy BacnHTHii h

o6pa30BHH eCpeKTH CMOTpH UJHpH OA TaKMHHeifea?

JIABOPATOPHJCKH PAH KAO CPEflCTBO OCTBAPHBAHdA JIAJbEr

YCIIEXA H3 XEMHJE Y I PA3PEflY 3AJE.HHHHKE OCHOBE,

CjiaBOJbyB "Bynnh

MefyyoiiiuuiuHCKU 3aeog 3a ynaiipe^ueawe eacuuuiafba u o6pa3oeaH>a y Kpa.^eey

Ca UHJBeM aa ce eKcnepHAieHrajmo HcnnTa aa jih h y Kojoj MepH jiaSopa-

TopnjcKH paa aonpHHOcH CTHuaH>y KBajiHTeTHHjnx 3HaH>a h 6oJbeM ycnexy yneHHKa

H3 xeMHje y oanocy Ha 4>poHTajiHH paa y3 npHMeHy aeMOHcrpanHOHHx orneaa,

y nepnoay anpnji — Maj 1981. roaHHe H3BpuieHo je eKcnepHMeHTajiHO Hcrpa-

>KHBaH.e y 06pa30BHOM nempy „KpajbeBaHKH OK-roOap" y KpaibeBy Ha y3opKy

oa 6 oaejbe&a. Oa OBor 6poja 2 oaejbeita cy mnoina KOHTpojiHy, a 4 oaeJbeH>a

aBe eKcnepHMeHTajrae rpyne. Ca obhm y3opKOM peajiH30BaHO je 9 HacraBHHx

jeaHHHna 3a Koje nporpaM npeaBHfja aeMOHcrpanHOHe orjieae. Y kohtpojihhm

oaeJBeifcHMa orjiean cy HAvajiH aeMOHcrpanHOHH, a y eKcnepHMeHTajiHHM jia6o-

paTopHjcKH Kapaicrep, c thm uito cy orJiean H3Bol)eHH y MajiHM rpynaina (y npBoj

eKcnepHjweHTajmoj rpynn ca no 5, a y apyroj eKcnepHMeHTaJinoj rpyrm ca no

4 yqeHHKa).

CTaTHCTHWKOM o6paaoM pe3yjrraTa HHHHHjajiHor h (J)HHajiHor Tecrapa&a

(aHaJiH3a KOBapHjaHce h ap-) aoSnjeHH cy noy3aaHH craTHcriraKH noKa3aTeji>H

y KopHcr oOejy eKcnepHMeHraJiHHX rpyna, h to Ha HHBoy 3Ha*iajHOCTH 0,01 . C

apyre crpaHe, yneHHUH oOejy eKcnepHMeHTajiHHX rpyna cy ocrBapHJiH h 3HaTHo

6ojbH ycnex H3 xeMHje Kpo3 uikojickc oneHe.

Obh h apyrn noKa3aTeJbH aajy 3a npaBO aa ce 3aKJby<iH — aa je y OKBHpy

nocTojeher nporpaMa xeMHje y I pa3peay 3ajeaHHiKe ochobc Moryhe ycneiUHo
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npmteHHTH jiaGopaTopHjcKH pan, h p,a ce jia6opaTopH)CKHM pa^oM iwory ocTBapmn

3HaTHO noBOJBHHjH BacnHTHO-o6pa30BHH etpercrH y OflHOcy Ha KJiacH^Hy opra-

HH3auHjy pafla (fypomamm pap, y3 npHiweHy fleMOHcrpairHOHHX orciefla).

HEKA HCKYCTBA Y HOBOM nPHCTYny HA njIAHY YCABPIIIABAH>A

HACTABHHKA XEMHJE Y OCHOBHOJ IIIKOJIH

CjiaBOJby6 "ByKHh

Mef)yoiiuiuiuHCKU 3aeog 3a yHaupefyueawe eacuuiuayba u o6pcuoean>a y Kpa/beey

IIojia3ehH ofl Tora pa flocaaauiH>H HaMHH ycaBpinaBaiba HacTaBHHKa xeMaje

nyTeM CJiyuiaH>a npeflaBaaa Ha ceMHHapHiwa — HHje flao 3aflOBOJi>aBajyhe e(J)eKTe;

onpeaejotnH cmo ce 3a HOBy KOHHenirHjy Ha obom nnaHy. Y MerjyonuiTHHCKOM

3aBoay 3a yHanperjHBaibe BaaiHTaH.a h o6pa30BaH>a ypatjeH je npojeKaT ycaBp-

maBaH>a HacraBHHKa xeMHje y BHpy npaKTHMHor Te^aja nop, paflHHM HacnoBOM

— nPHMEHA nojiynporPAMHPAHor jiaeopatophjckof paha y

MAJIHM rPYITAMA 3A PEAJIH3AUHJY HEKHX CAHP^CAJA H3 XE

MHJE Y VII h VIII PA3PE.DY OCHOBHE UIKOJIE. npeiwa obom npojeKTy

uiKOJicKe 1980/81. roflHHe opraHH30BaH je Te^aj ca npBOM rpynoM HacraBHHKa

ca noapyqja KpajfceBa, BpaaMKe Barte h CjeHHue, y *mjnM uiKOJiaMa nocroje

KaSHHeTH, hjih y^HOHHue 3a xeiwHjy. npojeKT je peaiiH30BaH y TpH <pa3e. Y npBoj

cpa3H yqecHHUH Te^aja cy ao6HjajiH HH^opiwauHje h ycBajajin noTpeoHa 3HaH>a

H3 neflarornje, ncHxojiorHje h McroflHKe HacraBe xeMHje. Y apyroj <£a3H HacraB-

hhuh cy caMOcrajiHO ocMHimbaBajm caflpH<aje, cpeflCTBa h Hamme pa^a 3a Ha-

craBHe jeflHHiuie no concTBeHOM H36opy H3 nporpaMa, a 3aTHM cy y3 noMoh aH-

ra>KOBaHHx crpymfcaKa nncajin paflHe MaTepnjajie 3a nojiynporpaMHpaHH jia6o-

paTopnjCKH pajj. Tpeha <pa3a ce peajnrayje y uikojih rae HacTaBHHK papa, Tj.

BpuiH ce npHMeHa ypatjemrx MaTepnjajia y TOKy peajiH3airHje njiaHa pa^a. Je;raH

6poj TaKBHx MacoBa nocehyje caBeTHHK, npn MeMy pa]e noTpeSHe HHcrpyKirnje

3a flajBH pap.

OBe uiKOJicKe roflHHe npojeKaT je aonyiteH joui ca hckhm ejieMeHTHMa

«H(pepeHHHpaHor pa^a, h peanH30BaH ca rpynoM HacraBHHKa xeMHje H3 HoBor

na3apa. Hauie cy npou,eHe pa OBanaB npncTyn ycaBpuiaBaH>a HacraBHHKa flaje

>Kejfcene e(J>eKTe.

HACTABA XEMHJE Y III H IV PA3PEJi;y nPHPOaHO-TEXHHMKE

CTPYKE

JlenocaBa JoBaHOBHh

OBO „Moiua Ilujage", Eeoipag

npHpoflHo-TexHHMKa crpyKa HMa neT CMepoBa h TpHfleceT 3aHHMaH>a. Mhui-

ji>eH>a caM pa cbh yqemorH 3a oBa 3aHHMaH>a He Tpe6a pa nsyMaBajy xeMHjy no

hctom nporpaMy. HcKycrBO je noKa3a:io aa ce tcuiko y noTnyHOCTH h ca ycnexoM
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peajnuyje oBaj rrporpaM ca yMeHHUHMa cbhx 3aHHMaH>a. Koa H3pa^c obhx npo-

rpaMa H3 xenuije HHcy ce aobojbho nouiTOBaim AHAaKTHMKO-MCTOAHMKH npHHqmiB.'

PeajiH3anHja obhx caApwaja y hktobh xcmh)C no^pasyiieBa h floCpy onpeM-

jbchoct Ka6uHeTa h jnSopaTopiija 3a xeMujy h bcuhko HCKycrBo HacraBHHKa.

y III pa3peay, npBO ce H3yiaBa aHajnrnraica xeraja, a aaxmi noceoHH aeo —

xcmhjckh ejieMeHTH h EbHXOBa jeAHH>eH>a. Mhcjihm aa 6h 6hjio 6ojhc Aa je oopHyro.

y III h IV pa3peay HeAOBOJbaH je 6poj MacoBa 3a o6HaBJbaH>e, yTBplw-

BaH>e h oi;eH>HBaH>e yveHHKa.

IlpeftnaMceM, pacrepeTHTH nporpaMe H3 xeMHje y III h IV paapeay cy-

BHumor h cTBopHTH Aiaite Heypo3e koa y^emiKa h HacraBHHKa.

BA>KHHJH OrJIEJIH 3A JIOKA3HBAH>E nOCTYnHHX I1POMEHA

XEMHJCKHX OCOEHHA EJIEMEHATA HA IIPHMEPy TPETiE IIEPHOAE

MnpjaHa JoBaHOBHh h MnjiaH C. MapnoBHh

Buiua uegaiotuKa iukoao, Eeoipag

McroflCKo oaa6npaH.e h npaKTHMHO H3Bor)eH»e orjieaa 3a AOKa3HBaH>e

nocrynHHx rrpoAieHa xeMHjcKHX oco6HHa, noneB oa npBe na 3aKJbyHHO ca ceA-

mom rpynoM e;ieMeHaTa.

OrjieAH cy H3BeAeHH y neT ochobhhx uiKOJia Aa 6h ce npoueHmia ocno-

coSjBeHocr yqeHHKa 3a nociwaTpaae nojaBa h caAiocraJiHor H3Bor;eH>a 3aKJbyHaKa .

JI,o6HjeHH pe3y;iTaTH cy npeAMCT Hauler caonuiTen>a.

nPA"REH>E OniUTEr ycnEXA y^EHHKA y HACTABH XEMHJE KAO

nOCJIEJIHUA CTAJIHOr CTPYHHOr YCABPIIIABAHdA HACTABHHKA

y HEHTPHMA 3A CTPyMHO YCABPIIIABAIfcE HACTABHHKA

PaAOjKa KnKaHOBHh

Jl03HUU,a

nepiwaHenTHO ycaBpmaBaH>e HacraBHHKa je HMnepaTHB pec})opMHcaHe uiKOJie,

36or Tora je 6h;io noTpe6no H3Hahn noroAHe (Jjopivie 3a ocrBapHBa&e OBor 3Ha-

HajHor 3axTeBa. noi<a3ajio ce Aa cy HempH 3a HHOBairnje h crpy^Ho ycaBpuiaBaH>e

HacTaBHHKa HajnoroAHiijH o6.ihiih paaa Ha cra-iHOM ocnoco6.T>aBaH>y HacraBHHKa

3a ycneiuHO ocTBapHBaite nporpaMCKHx 3aAaTaKa caBpe.MeHe HacTaBe.

IIcKycTBa y paAy obhx HeHTapa y BaJteBy h JIo3hhu,h to HajSojie noKa3yjy.

H3BpureHO je noperjeite ycnexa yqeHHKa H3 xeMHje y OAejBeibHAia rAe Ha-

craBy peajiH3yjy HacraBHHirH Kojn cy ce ocnoco6ji>aBajiH y Hempy 3a HHOBamije

h ycnex yneHHKa y OAeJbe&HMa rAe HacraBy pcajiH3yjy HacraBHimH Kojn ce HHcy

ocnoco6jbaBajiH y HeHTpy 3a HHOBainije.
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y caonuiTeifcy ce aajy pe3yjrraTH oBor noper}eH>a, KojH noTBpr)yjy npeT-

xomxy KOHCTaTauHjy.

JOnPHHOC XEMHJCKE CEKIJHJE nPOH3BO,HHOM PAfly Y

OCHOBHOJ HIKOJIH

3;iaTH6op Kocwh

y npeaBH^eHOM BpoieHy H3Hehe ce kojihkh je 3Hawaj xeiviHjcKe ceniQije

y ocnocofijbaBaifcy yqeHHio, aa creMeHa 3Hajba ca peaoBHHx yacoBa xeMHje, npn-

AveHe y CBaKOAHeBiioM >KHBOTy. Ha Taj Ha^HH yieHHim ce yBOfle y rrpoH3B0flHH

paa, a to je jeaaH on HajBa>KHHjHX 3aflaTaKa caBpeMeHe uiKone, jep ce uiKOJia

^iipeKTHO noBe3yje ca flpyuiTBOM.

3a ocTBapeibe obhx iiHJbeBa, xeMHjcKa cenuHja je noroflHO Mecro, r^e he

yi:eHHK y3 noMoh HacraBHiiKa carjie^aTH xeMHjy, Kao uito je nocjviaTpa xeMHnap

y npoH3BOAH>n. Ha peAOBHHM yacoBHMa yqeHHitfi y^e ranc, rjryK03y, aMOHnjyM-

-xiwpoKCHfl, r;niHy h pp. a obo cy CHpoBHHe Koje ce CBaKOflHeBHO Kopncre y

iinaycTpHjH. Ofl h>hx ce npaBe Kpeae, Hajpa3H0BpcHHjH npefliweTH oa r^me:

6pouieBH, Ba3He, nenejbape, hyninhH h ap., orjieflaiia, pa3He BpcTe Aiacnuia

ii .ieKOBa, npenapaTH y cmojih, paa ca chto unaMnoM Ha TeKCTHJiy h KepaMHiui,

H3paja TeMHOCTH 3a MHUiheifce iweTajia h mhoto flpyrnx KOpHCHHx CTBapH Koje

ce .Mory npaBHTH Ha yacooiiMa xeMHjcne ceKHHje. Cbh obh H3par)eHH npeflMera

Mory ce Bpjio aoSpo yHOBHiiTH npeno r)am<e 3a;ipyre, a to je npnxofl Kojn he

yMemiHHMa Bp.io ao6po nocny>KHTH 3a eKCKyp3Hje, oflJia3aK y no3opHurre hjih

Kao noiwoh CHpoAiauiHHjHM y^eHHUHMa 3a oana3aK Ha jieTOBaH>e.

y TOKy TpHfleceT-ocMoroflHuiifcer paaa oBy Bpcry aejiaTHOCTH crajiHO caM

pa3BHjao KOfl yMeHHi<a, h Mory ca cnrypHomhy aa Kan<eM fla caiw HAiao BejiHKor

ycnexa, a Kao 30103 MHora npH3HaH>a ihkojih h MeHH jihhho.

AHAJIH3A PE3yjITATA TECTHPAH>A YMEHHKA HA PEnyEJIHMKOM

TAKMHMEH>y H3 XEMHJE OJI,P)KAHOM 1982. rC\HHHE

BojHH JX. KpCMaHOBHh

IIpupogHO-MaiueMaiuuHKU fyaKyAuteiu, Eeoipag

y OKBHpy CaBe3a opraHH3auHja „Hayi<y MiiaflHMa" Cponje, 22. h 23. jwaja

1982. roflHHe oapnoHo je TaKAumeifce H3 xeMHje Ha i<0Me cy yMecTBOBajia 133

VMCHHKa (I — IV pa3pe^a) H3 44 uiKo.ue Ha TepHTopHjH CP Cp6nje (BaH Tepn-

Topiija CAn). H3Mer)y ocTa;ior, cbh yMeHHHH — TaKMH^apn peuiaBajiH cy h

tcct ca nnTaHbHAia H3 pa3;iH^HTHX o6jiacrH xeMHje.

AHa.iH3HpaiiH cy oflroBopn ynemiKa Ha noje^HHa nnraiba H3 Tecra. no-

ceoHa na>KH>a nocBeheHa je nHTaH>HMa koa Kojnx je floSnjeH MajiH npoueHaT

TaMHHx o^roBopa. Pe3yjiTaTH aHa.iH3e Tecra Mory aa 6yay og Hmepeca 3a yHanpe-

r)CH>e HacTaBe xeMHje.
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HEKE KAPAKTEPHCTHKE H nPOBJIEMH y HACTABH XEMHJE V

I h II PA3PEJJ,y 3AJEJIHHMKE OCHOBE y CPEJHfcHM IIIKOJIAMA

HA nOJIPyMjy 3ABO.ua 3A yHAnPE-BHBAHjE BACnHTAH>A H

0BPA30BAH>A y CMEflEPEBy

MnoApar MiuiOBaHOBHh

3aeog 3a ynaupe^ueatbe uacuuiuaii.a u o6pa3oeaH>a y Cuegepeey

Tpw uiKOJicKe roAHHe, kojihko je Tpajajia pea^Hjaimja h npaheite hobkx

HacraBHHx nporpaMa xeivmje y I h II pa3pe;ry 3ajeflHH^Ke ochobc je KpaTaK Bpe-

MeHCKH nepnofl aa 6h ce creKJia oCjeKTHBHa oueHa h>hxobc ocrBapHBOCTH h oct-

BapeHOCTH. Thm npe uito ce HacraBa oflBHjajia y HeaaeKBaTHHM ycnoBHMa. y^e-

hhuh, kojh cy y obom BpeiweHCKOM nepnofly ynncHBajiH pa3pe,ae 3aje;n«rqKe

ocHOBe ao6pHM Aejioiw cy H3y*iaBajiH HacraBHe caflpn<aje OBor npeflMeTa y oc-

hobhoj uikojih no crapHM nporpaMHMa. OnpeivuieHOCT mhoitix uiKOJia HHje 6nna

Ha HHBoy npaKTHMHHX 3axreBa nporpaMa. TaKol)e, H3BecraH 6poj HacraBHiiKa

HHje 6ho npHnpejvuBeH 3a yBoIJeite hobhx nporpaMa. Ilopefl obhx o6jeKTHBHnx

h cy6jeKTHBHHX yTHuaja, HeoHeKHBaHO hhckhm pe3y.TraTHMa BacnHTHO-o6pa30BHor

paga H3 OBor npeflMeTa CBaKano cy aonpHHejiH h H3bcchh cpanropH nojH cy npo-

H3auijm H3 HeoAroBapajyhe crpyKType nporpajwcKHX caap>Kaja. Ha ocHOBy mhui-

Jteifca npeAMeTHHX HacraBHHKa h CTpy^HHX aKTHBa (03 iukojickhx jxo Peny6.iHM-

Kor) cayrateH je npefljior i<ojH je flOBeo nopeKUHje nporpaMa xeMHje y I h

II pa3pefly (ceM AO/jarae h H36opHe HacraBe). H3BpineHe npoMeHe oflHOCHJie cy

ce flejiOM Ha ejiHMHHHcaH>e hckhx ae.iOBa nporpaMcne rpal)e, CHH>KaBaH>e HHBoa

BacnHTHO-o6pa30BHHX 3axTeBa a y Behoj Mepn Tpe6ajie cy p,a flonpHHecy ycno-

CTaB^>aH>y HHTeH3HBHHjHX KOOpflHHaHHOHHX H KOpejiaU,HOHHX o^Hoca 6h.io y

OKBHpy HCTor HacraBHor npeAMeTa hjih npe^MeTa cpoflHHX HacraBHHx caap>naja

(4)H3HKa, MaieMaTHKa, 6HOJiorHja, ochobh TexHHKe h npoH3BO,mfce) .

3aB0fl 3a yHanpefjHBaite BacnHTaita h o6pa30BaH»a y CMeaepeBy je y tokv

niKOJiCKe 1981/82. royHHe y OKBHpy y>Ke crpyiHHx npeivieaa cpeflH»HX uiKo.ia

ocTBapno yBHfl h y peaJDi3anHjy KopnroBaHHX nporpaMa npeAMeTa y I h II pa3-

peay 3ajeaHHtiKe ochobc

HEKA HCKyCTBA H nPOBJIEMH y PEAJIH3AHHJH nPOrPAMA nPII-

MEIfcEHE XEMHJE y III PA3PE^y XEMHJCKO-TEXHHHKOr CMEPA

(3AHHMAIBE: JIABOPATOPHJCKH TEXHH^AP 3A XEMHjy)

Py>KHu.a HHKoaHjeBHh

OZ| „J. Januhujeeuh", Ciuegepeeo

PaflHM y OH ,J. JaHHhnjeBHh" y CMeaepeBy, y KOMe ce o6pa3yjy yqeHmjn

npHpoAHO-TexHHMKe CTpyKe CMepa Jia6opaTopHjcKH TexHH^ap 3a xeMHjy, r^e

peajiH3yjeM nporpaM npe^MeTa ripHMeH>eHa xeMHja.

Obo je flpyra reHepannja OBor CMepa y uem-py, TaKO fla Mory aa ce ocbphcm

Ha Hena HCKycrBa y peajiH3auHjn OBor nporpaMa.
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IIIto ce Time yu6eHHKa 3a III pa3pefl Befmx 3aMepKH HeMaM, to je MHiun>eH>e

h yqeHHKa. CaAp>Kaj aaje MoryhHocr npoiuHpHBaaa, y CMHcny Behcr Gpoja xe-

MHjcKHX peaKimja, a caMHM thai je h npnxBaTJbHB 3a yMeHHKe.

y peajiH3aimjH b«k6h, y Heirrpy rge paflHM, HHcy Haj6ojBH ycnoBH, a

Ka6HHeT HHje Haj6oji>e onpeMjBeH.

Met)yTHM, KOfl peajiH3aimje bok6h H3 TeMaTCKe nejiHHe — Bona, ja caiw

OBe roaHHe HanpaBHJia H3MeHy TaKO iiito cy onjiOH<eHe, na cy hx yMeHHUH paniuiH

KacHHje, a He nocpe/nio no TeopHjcKoj HacraBH.

Obo caiw ypaniuia 36or Tora iiito yieHram HHcy join OBJianajm tcxhhkom,

Koja hm je noTpeSHa 3a npairorqaH pan,, y npeflMery TexHHKa pana y xenrajH,

canp>Kaj Pan ca KajiH6pHcaHHM cynoBHMa BpeMeHCKH je nocjie TepMHHa npen-

BHt)eHHX bok6h.

J\3Jbe, nocMaTpajyhn canpnoje oraiiTe xeMHje, Koje obh yMemnrH ycBajajy,

AieTOfla Koja je Be3aHa 3a noiweHyTe Be>K6e — KOMiweKCOMeTpHjcKa, BpeMeHCKH

hcto Tano nona3H KacHHje. 36or obhx pa3Jiora, ja caM Be>K6e — Bona — ima-

HHpajia nocjie TeopnjcKHx ocHOBa H3 KoiwroieKcoMeTpHje h npaKTUMHHX bok6h

ca SnpeTOM onHOCHO — nana 3aBpiiiHM ca TejwaTCKOM nejiHHOM MeTara h jierypa.

OBaKBa BSMCHa, y OBoj roflHHH je nana mhoto 6ojbe pe3yjrraTe y onHocy

Ha npeTxoflHy.

yieHHUH ca MHoro BHine pa3yiweBaH.a pane y3 KBajiHTeTHHja TeopnjcKa

o6jauiH>eH>a, Hero nana 6h to panHJin caAio MirrajyhH naTO ynyTCTBO.

TpeuiKe y pany cy mhoto Ma&e, jep cy OBJiaaajiH y npaKTOTHOM pany ca

Ka.iH6pHcaHHM cyflOBHMa h Mepeay Mace.

Obhm noflCTHieM h noTiryHo HHflHBHnyajrHH pan, y3HMajyhn y o63Hp npen-

BH^eH 6poj MacoBa 3a BeH<6e.

MOryBHOCTH I1PHMEHE IlPOrPAMHPAHE HACTABE (y*IEH>A) y

HACTABH XEMHJE y OCHOBHOJ IIIKOJIH

Capa IlepHuiHH

OcHoena uikom „IIeuiap Kouuh", 3eMyn

IlporpaMHpaHa HacraBa ocaBpeMeH>yje canp>«aje h MaTone pana y niKonaMa,

yra^e aa ce y nponecy BacnHTHO-o6pa30BHe nejiaTHOcra y^emiK aKTHBHnje yK-

JByMH y HacTaBHH pan. Kon nporpajHHpaHor yMe&a naje ce HHc^opManHja yieHHKy,

nocraBJba 3anaTaK Kojn y^eHHK Tpe6a na peum h npoBepn, BpuiH ynopel)HBaH>e,

eBemyajiHe HcnpaBKe h norryHe.

Ha npHAiepy nepnonHor cncreMa eneMeHaTa, o6jacHnhy Hamni ynoTpe6e

nporpaMHpaHHx MaTepHjana y HacraBH xeMHje, HauHH irepane HacraBHHx ceKBemrH

h eTane H3pane nporpaMHpaHor MaTepnjajia. npHMep: noKyuiaj icnacHcpHKaiuije

ejieMeHaTa; IlepHonHH cncreM — nepnonHH 3aK0H, CHCTeMaTH3auHja h TyMa^eae

nepHOAHor cncreMa Ha 6a3H npoy^eHor rpannBa. npHMepn nporpaMHpaHHx ^na-

Hana. 120 y^eHHKa VII pa3pena yunno je H3 nporpaMHpaHor MaTepnjana 4 Ha-

craBHa Maca y uikojih Ha yacoBHMa xeMHje. 124 y^eHHKa KOHTponHe rpyne yimio

je nepHOflHH cncreM ejieMeHaTa Ha yoo'iraajeHH Ha^HH y ihkojih h koji Kyhe. Ha

OBOMe CKyny H3Hehy craTHcrnMKe noKa3aTejbe eKcnepHMeHrajiHe h KOHrponHe

rpyne.



C30

IlporpaMnpaHO yMeite iipeacraBJba jeflaH op. Hamma paaa ca yMCHHun.«a,

ca mubeM aa ce nocTHrHe iuto 6o.t>h ycnex y paay. no«ia>Ke fkwbeM pa3yMeBOH>y

rpa^HBa xeMHje h y6p3aHOM npouecy >MeH>a. CiwaTpaM Aa KaA y^eHHR y-m 113

nporpaMHpaHora MaTepnjajia pa yneifce AOMHHHpa y H>eroBoj cBecni. Akthbhoct

yyeHHKa je noBehaHa. To yTHMe Ha crBapaibe paAHHX HaBHKa, na n.ianiipan .

h pauHOHajiHO KopHinheibe pacnojio>KHBHM Bpe*ieHOM. Hajueha npeAHOCT npo

rpaMHpaHora yieifea je y TOMe iuto ce yieHHK na OBaj iiaMHH yun ioko Tpeoa

y^HTH, mhcjthth, 3aKJbyMHBaTH h noBe3HBara jeAHy MaTepnjy ca ap>tom. Ca.Mo-

crajiHHM H3BO^eH>eM eKcnepHMeHaTa nojeAHHau ce yBOAH y Majm uerpa>KHBam<n

pap., ocnoco6jtaBa ce 3a caMoo6pa30BaH>e.

HHTEPjmCIIHnJIHHAPHH ITPHCTyn Y HACTABH XEMHJE

MHJioje PaKOMeBHh

3aeog 3a y^oeiiuxe u naciuaena cpegciuea, Eeoipag

Kopejiaunja HacraBe npHpoAHHX Hayna noflpa3yMeua.ia je t3kbo noBe3ii-

Basbe rpaflHBa 6HOJiorHje, (pH3HKe h xeMHje Koje je OMoryhaBa.io Ty.\iatiCH>e np-

poflHHX nponeca h nojaBa ca acneicra 33kohhtocth CBane on obhx iiayKa. To

je 3HaHHJio, Ha npHMep, pa npou.ec MeTa6o;iH3Ma y >khbh.m ciicreMHMa Tpe6a 06-

jacHHTH He caMO Kao Gho.ioiukh (peHOMeH Beh HcroBpeMeHO o6jaujH>aBaTH h (pn-

3irm<c-xeMHjcKe npouece Kojn ce y Tony MeTa60.1n3.Ma o^nrpaBajy. Haj»ieuihe

je KopenauHja y npouecy HacraBe H3ocrajajia, jep HacraBHHUH HHcy HMa.111 ao-

bojbho 3HaH>a H3 cbhx obhx HayMHHx AHCunnjiHHa, iia cy npouece h nojaBe tv-

ManH^H caiwo ca acnem-a „CBoje HayKe". npoSjieiw Kope.iauHje 6no je y TOMe ujto

HHje ycnocraBJbeH KopecnoHAHpajyhn chctcm H3Mer)y Tpn HayKe 11a „xe.MH3ajv\"

Shojiouikhx npoueca HHje 6h;io Moryhe o6jaujH>aBaTH ai<o npeTxo/iHO y nacTaBH

xeMHje HHje H3ynaBaHo rpa^HBO Koje 6h OMoryhHJio cxBaTaH>e xeMHjcne ocuoBe

thx npoueca.

HHTepjiHCUHnJiHHapHH npHcrynH y HacraBH xeMHje cy BHUie op ooimne

Kopejiaunje.

CTPYKTyPHPAIfcE nOJXATAKA O CTEPOHJJHMA

T. YpOUJeBHh

Butua uegaioiuna tuno/ia, Eeoipag

HHCpopMaunje 0 opraHCKHM jeAHH>eH>HMa joui cy yBeK y eKcnoHeHunjajiHOM

nopacry. Te npeAcraBJBa He caMO bciihkh npoGjieM 3a HacraBy, Beh h 3a rpaflH»y

K0MnjyrepH30BaHHx 6a3a noflaTana. y HacraBH h y«ieH>y ry6HM0 ce Beh koa H3-

6opa afleKBaTHHx TeMa 3a ycMepeHO o6pa30BaH>e. Ko.MnjyTepH30BaHe 6am<e no-

AaTaKa 6e3 cncreMa noAaTaKa, noju hx noBe3yjy y Mpewe, noKa3ane cy ce Kao

„HayMHe rpooHHrje".
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OrpyKrypHpaifee HHcpopiwauHja y JiaHue H MpewHe CHCTeiwe o6ehaBa He

caMO 6ojbe npeno3HaBa&e pejiaunja H3/wel)y h>hx, Beh h MoryhHocr BepH(pHKauHje

noflaTaKa, a flejirovuraHO h H>HXOBor npeflBHljaH>a. Mpe>KHe crpyiaype xenutjcKHX

no^aTaKa y BejiHKoj MepH noapwaBajy yMeH>e, a MoryhHocr BepncpHKauHje h

npeABH^aifca npoujHpyjy iweTOfl crpyKTypHpaH>a no^aTaKa h Ha noapyqje Hcrpa-

>KHBaH>a.

Ha npHAiepy crepoima (y>Ke: KapfleHOJiHfla) yncnpe6.JbeH je jweToa crpyK-

TypHpaH>a iioflaTaKa y Hanopy p,a 6h CBaKH npoHa^eHH crepoHfl Hiwao CBoje Mecro

y CHcrejviy, nao h #a 6h ycraHOBHJiH koj'h acjiobh oBor CHcreiwa jom HHcy no-

KpHBeHH h npeflcraBJbajy XHnoreTHMKy MoryhHocr 3a HOBe KapfleHOJiHfle.

IloMohy iweTOfla crpyKTypHpaaa noaaiaKa H3BeaeHe cy cjieaehe <pa3e:

1. npnKynji>aH>e noaaTaKa o KapaeHOJiHAHJvia,

2. aHajiH3HpaH»e no^aTaKa, Tpa>neH>e npaBiuiHOCTH,

3. ae(J)HHHcaH>e KpHTepHjyma 3a crpyicrypHpaifce h o/ipeljHBaifee h>hxobc

xnepapxHje, rpajnta MO^yjiapHe crpyKrype,

4. npeno3HaBaH>e MaTpHua, xnnoTe3e o Morytuut KapfleHOJiHflHMa Ha ocHOBy

HaMHHa Be3HBan>a npcreHOBa, nojicwcaja flBorySnx Be3a, 6poja cyncTmyeHaTa,

5. BajmaauHja CHcrana h

6. nocraB^>aH>e xHnoTe3a o hobhm KapaeHOJiimHMa.

y MHTaBOM paay HarjiauieH je acneKaT aKTHBHor yqeiba, y KojeM cryaeHT

caM npeno3HaBa npaBHJiHOCTH, nocraBJia xnnoTe3e h HacTojn hx BepncpHKOBaT .

IIPOBJIEMH KBAJIH<t>HKAUHOHE CTPYKTyPE HACTABHHKA

XEMHJE y OCHOBHOJ 1IIKOJIH

M. JoBeTHh

3aeog 3a ynaupefjueaihe eacuuuiana u o6pa3oeaiba ipaga Eeoipaga (IJenuiap 3a

ciupyHHO ycaeptuaeane u UHoeau,uje y uacmaevi)

y iHUby uito KOMnjieKCHHjer h caapwajmijer nocraBJbaaa nporpaiwa crpyy-

Hor ycaBpmaBaiba HaciaBHHKa, HenTap 3a cipyuHO ycaapmaBaibe h HHOBaunje

y HacraBH aHKeTHpao je 153 HaciaBHHKa xesmje. LIhjb aHKeTe je 6ho «a ce yr-

BpflH KBajnupHKauHOHa crpyKTypa, onTepeheHocr (Koje npefliweie h ca kojihko

MacoBa npenaje) h aHraiKOBaHOCT HaCTaBHHKa Ha iuiaHy crpyMHor ycaBpmaBa&a.

Ha cHMno3Hjyj«y he 6hth npHKa3ami pe3yjiTaTH ananase cnpoBeaeHe aHKete.
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XXV CABETOBAH>E XEMBWAPA CP CPBHJE

H3BORH CAOnmTEEbA





I. HEOPrAHCKA XEMHJA

CEKUHJCKO nPEJIABAH>E

I-SP. NMR CnEKTPOCKOIlHJA UEHTPAJIHOr JOHA Y KOOPJtflHA-

UHOHOJ XEMHJH nPEJIA3HHX METAJIA

H. JypaHHh

npupoguo- MauieMaiuuHKu tpaKyniueui, Eeoipag

ripoy^Baite MarneTHHX ocoSHHa KoopflHuauHOHHX je/iHH>eH>a npe;ia3HHX

.MeTana je jeaan ofl ochobhiix H3Bopa nH(J>opMauHja o H>nxoBoj ejieKTpoHCKoj

crpyKTypH. Kofl KOMirieKca ca cnapemLM. ejieicrpoHHMa uenTpaJiHor joHa Mar-

HeTHy cycuenTH6njiHOCT gyro nnje 6hjio iworyhe MepHTH aobojbho npeujH3HO

3a flo6njaH>e noaaTana o e;ieKTpoHCi<oj crpyKTypH h pa3JiHMHTHM HirrepaKUHjaMa

y jeAHH.eH>y. Y HOBHje Bperoe to je o.vioryheHO tcxhhmkhm ycaBpiuaBaH>e.M

HyKJieapno-MarHeTHe pe30HaHTHe cneKTpocKonnje.

MeTOfla ce mo>kc npn.vieHHTH Ha BehHHy npejia3HHX MeTajia KojH ce najia3e

y OKCHflauHOHHM craifcHMa y KojHMa rpa/je AHjaMaraeTHa KOopflHHaiuiOHa jeflH-

Hbeita (ejieKTpoHCKe KOHcpHFypaunje d° n d10, Te ciihhcko cnapeHe KoncpHry-

pauHje d6 h d8, a y .uaH>e.u 6pojy ciiyyajeBa cnHHCKO-cnapeHe KOH(pHrypaH,Hje

d4 h d2). ^ocaaa cy HajBHiue HcnHTHBaHa oflroBapajyha jeaHH.eH>a BaHaAHjyjvia,

Bo.ndipaMa, MaHraHa, Ko6ajiTa, poflnjyMa, njiaTHHe, KafljvmjyMa h jkhbc

YTHuaj jinraHafla na nouepaifce NMR CHiuajia qeHTpa^Hor joHa noKa3yje

oflpe^eHe npaBHJiHOCTH. Tano ce yoMaBa nocrojaifce MarHeTOxeMHjcKe cepHje

jiHraHaaa koa KOjvuuieKca c hctom KOH(pHrypauHjoM d-ejieicrpoHa, Koja je yrviaB-

hom He3aBHCHa oa Bpcre qeirrpanHor joHa. Haaajte, npH 3aMeHH jeflHor jiHranaa

apyrHM y KOMnjieKCHiwa ca mciuobhthm jmraHflHiwa HcnojbaBa ce npH6jiH>KHa

aflHTHBHOCT yrHHaja JiHraHaaa. reoivieTpiijcKH H30MepH flajy pasjinmrre CHraane

MHjn ce nojioKaj MO>Ke flOHenjie npeABHfleTH. Y cjiyiajy je3rapa Koja noce/iyjy

HyKJieapHH KBaapynojmH iwo.ueHaT umpHna JiHHHje npaBHJiHO ce Men>a y 3aBHC-

hocth ofl reojvieTpHjcKe H30MepHje KOMnjieKca. Koji hckhx MeTanHHX joHOBa

3ana>Ka ce cnpe3aH>e ca je3rpHMa y cacraBy jinraHaaa, Koje je Bpjio oceTJtHBO

Ha yrauaj .inraHafla y «i/xi«c-nojiOH<ajy. ITopea OBora, nocrojH jjo6pa Kopejiaimja

H3Me!)y xeiwHjcKor nouana h OKCHflauHOHor craifea MeTajia y KOMrniency. CBe

oBe npaBHJiHOCTH OMoryhyjy noy3flaHy HAeHTHcpHKauHjy KOopflHHauHOHHx je/iH-

H>eH>a y HajBeheM 6pojy cjiyMajeBa.

NMR cnempocKonHja ueHTpanHor joHa HapoMHTo je noroflHa 3a npoyMa-

BaH>e paBHOTewa h peaKUHja KOMiuieKca y pacTBopHMa. Obo OTBapa MoryhHOCT

OTpeKTHHjer H3yqaBan>a xosioreHe KaTajiH3e Kaaa je MeTajiHH joH ueHTap KaTa-

jnrrHMKor npoueca.
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TeopHja MarHeraor 3aKJiaB>aH>a qeinpajmor joHa y KoopAHHauHOHHM jean-

H>eH>HMa Ten je Ha no^ei-ny pa3Boja. Haj6oJbe je pa3par)eHa 3a d8 cnHHCKO-cnapeHy

KOHd)nrypau>ijy rae je NMR cncmpocKonHja iipHAieH>eHa 3a H3y*iaBaH>e nosa-

.leHTHOCTH MeTaji-jraraHA Be3e.

M. CHHTE3A H PA3JIArAH>E Ztf/C-EKBATOPHJAJIHOr H30MEPA

KAJrajyM-UHJAHO-(ETHJIEH-flHAMHH-N,N',N'-TPHAUETATO)-KO-

EAJITAT(III) KOMnJIEKCA

JJ. J. PaaaHOBHh, C. P. TpHtpyHOBHh h M. H. "BypaH

npupogno-MauieMauiuHKu (paxyjiiueui, Kpaiyjeeau,

H3onoBaH je h paanoweH caMO jeaan (i<wc-eKBaTopHjajrHH) reoMeTpHjcKH

H30Mcp [Co(ed3a)(CN)]- KOMiuieKca (ed3a — exHJieH-;i,HaMHH-N,N',N'-TpHau.e-

TaTHH joH). Crpyicrypa OBor KOMruieKca 03HaHCHa je Ha ocHOBy H»eroBHx cnen-

TpajiHHx noflaTaKa. H>eroB ancopmjHOHH cnei<Tap ce nopeflH ca cnenTpHMa o/j-

roBapajyhnx KOMiuieKca N-MeTHji-erHJieH-flH&\iHH-N,N%N'-TpHaH.eTaTa (med3a)

h N- HApoKCH-eTHJi-eTHJieH-AHaMHH-NjN'.N'-TpHaHeTaTa (hed3a) Kojn cy paHHje

Harpar)eHH.

1-2. yHYTPAinaH JJ.HJACTEPEOMEPH METAJIHHX KOMnJIEKCA

KAO HOBH ArEHCH 3A PA3JIArAH>E KATJOHCKHX KOMILJIEKCA

M.J. MaiiHHap, n. H. PaoHBojma h M. E. 1ie;ian

npupogno-MauieMaiuuHKU <paKy/iiueui, Eeoipag

y paHHjeM paay1 npHMeHHJiH cmo no npBH nyT KaTjoHCKe yHyTpauiH>e

AHjacrepeoiwepe iweTajiHHx KOMiuieKca 3a pa3JiaraH>e aHjoHCKHx KOMruieKca. y

obom pafly ynoTpeGHJiH cmo aHjoHCKH yHyTpauiH>H flHjacrepeoMep 3a pa3JiaraH,e

KaTjoHCKHX KOMiuieKca. y tom UHJby HarpaljeH je paHHje onncaHH2 (•—)589-«<mc-

(NOg)-j«/)a«c(N)-6Hc(S-neyqHHaTo)-flHHHTpo-Ko6ajiTaT(III)-KOMnjieKc KojHM cy

paano>KeHH y eHaHTHOMepe paHHje onncaHH cjie^ehH komiuickchh KaijoHH: tiuc-

-6Hc(eTHJieH-AHaMHH)AHXJiopo-Ko6ajrr(I II), i5pa«c(0)-(eTHJieH-flHaMHH)-AHrjiHi^i-

HaTo-Ko6ajrr(III) h TpHC-(enineH-aHaMHH)-Ko6ajiT(III).

1. M. J. Malinar, P. N. RadivojSa, Ljiljana Solujic and M. B. Celap, XXII International Con

ference on Coordination Chemistry, Budapest, Hungary, Abstacts of Papers, /, 101 (1982).

2. M. B. Celap, R. G. Denning, D. J. Radanovic and T. J. Janjic, Inorg. Chim. Acta, 5, 9 (1971).
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1-3. YTHUAJ TEOMETPHJCKE KOHOHTyPAHHJE KBAHPATHO-nJIA-

HAPHHX KOMnJIEKCA HA HjHXOBE R/-BPEjmOCTH

T. J. JaiiHh, 7K.Jb. TemHfc h M. E. Tiejian

npupogHO-MaxueMomttHKU tpoKy/tuieui, Eeoipag

IlpoyMaBajyhH yimaj KondpHrypauHje hckhx HeopraHCKnx u,uc-utpanc rao-

iwepHHX KOMimeKCHHX jeflrateiba Co(III), Cr(III) h Pt(II) Ha h»hxobo R/-Bpefl-

hocth CredpaHOBHh h JaibHh1 cy nocraBHJiH npaBHJio npeMa KOMe npH xpoi»a-

Torpa(pHcaH>y Ha xapTHjn HeoprancKHx H30«iepHHX KOMiuieKca KaTjoHCKorv THna

t<uc-H3oniepH HMajy Behe R/-BpeflHOCTH ofl uipaHC-vaoiAepa. KacHHje cy "Rcian

h capaflHHUH2 yTBpflHjiH fla obo npaBHJio Ba>KH h 3a KOMnjience aHjoHCKor, ofl-

hocho HeyrpajiHor THna. IIouito cy y HaBefleHHM paflOBHMa HOiHTHBaHH u,uc-

-ukponc H30MepHH KOMnneKCH, H3y3CB y jeflHOM cjiy^ajy, HMajiH OKTaeflapcKy

KOHdpHrypauHjy, y OKBHpy OBor pafla >KejiejiH cmo fla yTBpflHiwo fla jih obo npa

BHJio Ba>KH h 3a KOMiiJieKCHa jeflHH>eH>a KBaflpaTHo-njiaHapHe KOHCpHrypauHje.

PaflH Tora ciiTeTH30BaHO je BHUie KOMnjienca Pt(II) h Pd(II), KaTjoHCKor h Hey-

TpajiHor THna, h yTBpt)eHo je fla noiweHyTO npaBHJio Ba>KH h y cjryiajy KBaflpaTHo-

-njiaHapHHx KOMnjieKca.

1-4. HCnHTHBAH>E KOMnJIEKCA XPOMA(III) H TPHMETHJIEH-

-JJ,HAMHH-N,N'-JJHCHP1iETHE KHCEJIHHE

JJ. C. BecejiHHOBHh, C. A. Tpyjufa, C. P. TpndpyHOBHh h JO,. J. PaflaHOBHh

IIpupogHO-MauieMaiuuHKU (paKVAiueiu, Eeoipag u npupogno-Maw.eMaw.uHKU tfra-

KyAtueui, Kpaiyjeeau,

CnempocpoTOiyieTpHjcKa Mepc&a cy noKa3ajia fla ce rpaflH KOAUineKCHO

jcflHH»eH.e Koje HMa ancopnnHOHe MaKCHMynie Ha 512 h 382 nm npH pH ~ 2,8.

IlpHMeHOM Job-OBe MeTOfle oflpet)eH je cacraB KonuineKca h HatjeHO je fla ce rpafle

KOMnjieKCH ca oflHOCOM jinraHfl : Cr(III) = 1 : 1 h 2 : 1 .

1-5. nOHAIUAH>E BAKAP XHJJPOKCHJJA Y OTOI1HHAMA HATPHJYM

KJIOPH.HA

3. naBJiOBHh h M. MaflaHOBHh

TexHOAOuiKU QaKyjiiueui, Eaiba Jlyna u yHHUEIl, Eatha Jlyxa

HcriHTHBaHH cy cHtrreMH Cu(OH)2S — BOfleHa oTonnHa NaCl (0,1—4 mol

dm-3 y pH noflpy*ijy 6— 12. Ca craHOBHuiTa ejieKTpoKeMHjcKe TepMOflHHaMHKe

1. Gj. Stefanovic and T. J. Jamjic, Anal. Chhn. Acta, 11, 550 (1954) Gj. Stefanovid and T. J.

Janjii, Ibid., 19, 488 (1958) Gj. Stefanovii, T. J. Janjii and J. Hranisavdevid, Butt. Acad. Serb.

Set., 25, 155, (1959).

2. M. B. Celap, M. J. Malinar, S. Saric, T. J. Janjid and P. N. RadivojSa /. Chromatogr., 139,

45 (1977).
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pa3.>iaipaHe cy AG° BpujeflHOCTH 3a Moryhc Cu(OH) h CuCl M~m (« = *==

= 1—4) ii jviHjeuiaHe KOManeKcue cneuHje. EKcnepHMeHTajma BepucpHKauHja

TeopeTCKH KOHcrpyHpaiiHx AHjarpaMa xeTeporeHHx paBHOTe>Ka BpuieHa je koh-

tpojiom pH-BpHjeAHOCTH y TOKy ycnocTaBJbaH»a paBiioroKa h oapeljHBajbeM

paBHOTOKHHX KOHqeHTpauHja Cu(II) npHMjeHOM aTOMCKe ancopimjije y BOfleHO

(pa3H CHcreivia. Obo yiamyje Ha KeAwjcKe peaKUHje Ha rpaHHuii <pa3a h KOHKy-

pnpajyhe fljejioBa&e jinraHafla y ycrcoBHMa HcnHTHBaH>a, a npeflcraB.T»a h kphthmkh

ocBpT Ha HHTHpaHe KOHcraHTe paBHOTewa oahocho H3pa»iyHaTe AG0 BpHje^HOCTH

aa HaBeAeHe KOMnjience h MoryhHOcr npeacna3HBaH.a ao cafla neno3HaTnx AG°-

-BpHjeflHOCTH 3a KOMnneKCHe cneuiije.

1-6. KHHETHKA H MEXAHH3AM JOHCKE H3MEHE Cd(II) CA JAKO

KHCEJIHM JOHCKHM H3MEH>HBAMHMA

P. MiLiomeBCKa, M. KannanuHjaH h T. ToflopoBCKii

~X.eMujcKU (paKy.iuieui, Cxouje

HcnHTHBaHa je KHHeTHKa h iwexaHH3aM joHCKe H3.weHe Cd(II) ca AM6ep-

.ihtom HP- 120, BcxpaTHTOM KIIC h JleBaTHTOM S 1080, KojH cy npeBeaeHH y

H — (pop/wy. IIpoH.ec joHCKe H3MeHe npaheH je y craTH'iKHM yaioBHMa npn qejviy

nao HHcrpyMeHTajiHa MeTOfla KopHuiheHa je HHTeptpepoMeTpnja. noi<a3aHO je aa

(pHji.\iCKa h MeuioBHTa flH(py3Hja cy onepaTHBHH tokom npoueca joHCKe H3MeHc

Cd(II) Ca jaKO KHCejIHM jOHCKHM H3MeH»HBaMHMa.

1-7. CTPYKTYPA CHCTEMA M0O3/AI2O3-S1O2

n. ITyTaHOB, P. He^y^HH h F. JIomhIi

TexHO/iouiKu (paKy.iiueiu, Hoeu Cog

Hocau rana AI2O3—Si02 npHMeityje ce y cmrresH pa3;HMHTHX xeTepo-

reHHx KaTajiK3aTopa. Y obom paay H3BpmeHa cy HcnHTHBaiba cHcre;wa Ha 6a3H

Mo.inGAeHTpHOKCHfla i<ao aKTHBHe KOMiiOHeHTe, c o63HpoM Ha HiiipoKy npHMCHy

OBor OKCHAa y CHHTe3H i<aTajiH3aTopa 3a pa3JiHMHTe npouece. CTpyKTypHe npo-

AieHe y CHcreiviy npaheHe cy y 33bhchocth oa cacraBa Hocaya, yaejia aKTHBHe

(pa3e h ycjiOBa TepMHMKor TpeTMaHa. Pe3yjiTaTH flooHjcHH npH.weHOM KOMiuie-

AieHrapHHX MeTOfla crpyi<TypHe aHajiH3e (peHTreHocrpyKTypHa aHajiH3a, CKemmr

e.ieKTpOHCKa MHKpocKoriHja, HU. cneKTpocKonHja) noiosyjy 3HaMajaH yrrajaj

r
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OKCBfla Monn6fleHa Ha 4>a3HH cacraB a yaioBe oAHrpaBaaa 4>a3HHX TpaHc4>op-

MaqHja Hoca^a, urro je op, 3Hanaja y ,ue(pHHHcaH>y orrrHMajiHor cacraBa h ycnoBa

npimpeMe KaiajDoaTopa OBor rana.

nPHJIOr OBJAIIIH>EH>y nPOMEHA AMOHHJYM-HHTPATA Y

TORY HCITHTHBABbA HHOEPEHHHJAJIHOM CKEHHHr KAJIOPH-

METPHJOM

T. PacyjiHh, C. JoBaHOBHh h Jb. MmiaHOBHh

XeMujcxa ungyciupuja nlJawteeo'1 nameeo

Ofl 1854. roAHHe ao aaHac, KpncranHe TpaHC(J)opMainije aMOHHjyM-HmpaTa

6HJie cy npeflMeT HcnHTHBaiia 6pojHHx HcrpajKHBa^a, npn Mei«y cy KopHiuheHe

pa3HHMHTe TexHHKe. Y nocjieAifcHX geceTaK roflHHa iweTOfle ,nH<j)epeHHHjajiHe

xepMHjcKe aHa;iH3e h flHcpepeHiBijajme ckchhht Ka^opHAieTpnje floGnjajy CBe

BehH 3HaMaj y o#pel)HBaH>y TeMnepaiypa h eHTajiimja KpHcrajiHHX TpaHC(J)op-

Mannja, Kao h cnein«l)HMHor ToruioTHor KanauHTeTa pa3JiHHHTHx KpncrajiHHx

oSjiHKa oBe cojih. Met)yTHM, ycmeHe cy paanHKe y pa3yjiTaTHJwa HcnHTHBaH>a

hcthx y3opana flH<l)epeHHHjajiHOM TepMHjcKOM aHajiH30M h flH(})epeHHHjaJiHOM

CKeHHHT KajiopHiweTpHjoM. limb OBor pa^a je fla fle<})HHHiiie yrimaj hckhx eKC-

nepHMeHrajiHHx ycnoBa Ha o6jihk DSC KpHBe, oahocho Ha npoivieHe aMOHHjyiw-

-HHTpaTa y Tony npoqeca HcnHTHBafta.

1-9. YTHIJAJ CYJIOATHOr JOHA HA OH3HHKO-XEMHJCKA CBOJ-

CTBA KPEMHOr AMOHHJYM-HHTPATA

H. MnjioineB, T. PacyjiHh, 3. JoBaHOBHh, JX. PaflocaBJteBHh h J. naji

XeiiujcKa ungyciupuja „IIaHHeeo", IJauHeeo

Y npouecy npoH3BOflH>e KpeuHor aMOHHjyM-HHTpaTa npH iwemaifey pacrona

aMOHHjyjvi-HHTpaTa h MJieBeHor KpemtaKa, ;Kwia3H aenmvuroHo h ao peaKioija

H3Me^y KOMnoHeHaTa:

2NH4N03+CaC03->Ca(N03)2+2NH3+C02+HzO

AwoHHjaK, Hacrao obom peawmjoM, ce H3flBaja h HenoBpaTHO rySn, a KajmHjyiH-

-HHrpaT ocraje y npoH3Boay iiOBehaBajyhn H>aroBy xHrpocKonHOcr. Hama npeT-

xoflHa HcnHTHBaaa cy noKa3ajia aa yHome&e cyjupaTHor joHa y aMOHHjyM-HHTpaT

HHXH6npa iiooviaTpaHy peanimjy. IlpeAMeT OBor pa#a je HcnHTHBaH>e y HHfly-

crpHjcKHM pa3MepaMa yraijaja cyjrcpaTHor joHa, yHeTor y aMOHHjyM-HHTpaT y

o6jiHKy cyjwnopHe KHcenHHe, Ha <}>H3HMKo-xeMHjcKa CBojcrBa KpeuHor aMOHHjyivi-

-HHTpaTa.
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1-10. YTHIXAJ KPHCTAJIHE CTPYKTYPE AMOHHJYM-HHTPATA HA

MEXAHHHKE KAPAKTEPHCTHKE KPEHHOr AMOHHJYM-HHTPATA

T. Pacyjmh

Xeujcxa imgycuipuja „IJaHHeeo", IJcwieeo

Kpemm aMOHHjyjw-HHTpaT ce aooHja MemaH>eiw pacrona aMOHHjyM-HinpaTa

ca MJieBeHHM Kpemi>aKOM. AMOHHjyM-HHTpaT, Kao no^HMopcpHa co y ycnoBHJwa

CKJia^HiiiTeifca h TpaHcnopTa MOH<e pa eraHCTHpa y pomGhvhom (IV) h mohokhh-

hhmhom (III) KpHCTajmoM o6jmKy. npoiweHa KpHcrajiHor o6jim<a aMOHHjyM-HH-

TpaTa npaheHa je h npoivieHaMa (J)H3H*n<o-xeMHjcKHX KapaKTepHCTHKa r)y6pnBa.

npeflMeT oBor pa^a je npoMeHa MexamraKHX KapaKTepHCTHKa KpevHor ajvic—

HHjyM-HHTpaia y 4>yHKUHjH KpHcrajmor o6jiHKa aMOHHjyiw-HHTpaTa y aeiwy.

Ml. KPHCTAJIH3AHHJA Si02 PA3JIHHHTOr nOPEKJIA Y nPHCY-

CTBY AJIKAJ1HHX H 3EMHOAJIKAJIHHX JOHA

M. BypHh, T. PaflOH>nh h M. JairaHh

TexHOAOtuKO-Me&aAyptuKU (froKyjiiueiu, Eeoipag u TexHOJioiuxu (paxyAuieui,

Hoeu Cag

KopncrehH SiC>2 ao6HjeHor flBeiwa iweTOflaMa, npoyuaBaHa je &eroBa KpH-

CTajiH3aimja y npncycTBy pa3JiHMHTHX ajiKa^HHX h 3eMHoajiKajiHHx joHa y <pyHK-

ufijn H.HXOBe KOHqeHTpauHje h TeMnepaType. noiwohy peiurreHCKe juKppaKHHje

h DTA je noKa3aHO pa po KpHcrajiHaanHje Si02 flOJia3H Ha mhoi-o hh>khm tcm-

nepaTypaina h pa Bpcra KpHCTajiHe 4>a3e SiOa 3aBHCH op Bpcre joHa Kojn ce yr-

parjyje y peuieTKy S'C>2 h oa nopeicna Si02. Ca nopacroM KOHHempauHje joHa

ona^a TeivuiepaTypa KpHcrajiH3auHje Si02.

1-12. nPOYHABAH>E KOP03HJE CTAKJIA Y BOflH

JI. PaaoH>Hh, n. narah h M. Ton;opoBHb

TexHOAOtuKu tpMy/iiueui, Hoeu Cag u Hucuiuuiyui 3a xeMujy, iuexHOAoiujy u hie-

iuaAypiujy, Eeoipag

Y flOflnpy noBpuiHHe CTamia ca bojiom jaBJba ce hh3 peaKunja uito hobc-oh

po npoMeHe cacraBa h noBpuiHHe h pacTBopa. 3a pa3Jira<y op KJiacHMHHX nerojxa

npoyMaBa&a Kopo3Hje CTamia, npoyqaBaaeM npoMeHe cacraBa pacrBOpa y obom

pafly je Kopo3Hja craKJia rrpoy*iaBaHa npaTehn npoiweHe Koje ce jaBJtajy Ha no-

BpuiHHH craicna. KopHcrehH Auger-cneKTpocKonnjy, HH ancoprarHOHy cneiopo-

CKonnjy h ckchhht eJieicrpoHCKH MHKpocKon, oflper)eHa je npoMeHa KOHU.eHTpa-

rrnje a^KajiHHx joHa (Na, K), ujto flirje nocpeflHe KHxpopMaunje o yrpaflH>H H

joHa (hjih H3O joHa) y CTaKJiy.
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I-ll METOfl KATJOHCKE HMnPErHAUHJE nOP03HOr CTAKJIA

M. ToAopoBHh, M. TbypHh, JI. PaflOH>Hh h M. Jamuh

IlHciuuiuyiu 3a xeinujy, iuexHO/ioiujy u MeiuaAypiujy Eeoipag, TexnoAouiKu (paxyAuieui

Hoeu Cog u TexHOAOiuKO-MeiuaAypiuxu (paxyAuleiu, Eeoipag

Ilojia3ehH op, nopo3Hor craKJia /joonjeHor Vycor nocrynKOiw h VAD mcto-

Aom (aKCHjajmoM fleno3HqHjoM Si02) pa3pal)eHa je iweTOfla HMnperaaimje no-

po3Hor Si02 KaTjoHHMa TeuiKHX iweTana. CBpxa HMiiperHainije nopo3Hor Si02

KaTjoHHMa je aooHjaifce yHanpea aetpHHHcaHor npotpHjia HHflenca petppaKiuije

Si02. Oflpel)eHH cy oirrHMajiHH yoiOBH 3a npeumiHTanHjy MeTajiHHX KaTjOHa

y nope Si02, Kojn cy (pyHKunja TeMnepaType, BpeMeHa, KOHueHTpannje h Bpcre

pacTBapaqa.

1-14. YTHHAJ YCJIOBA H3BJIA^EH>A HA 3ATE3HY JA^HHY

CTAKJIEHHX BJIAKAHA H3BJIAMEHHX Y EJIEKTPHMHOJ UETiK

P. AiieKCHh H-M. JaHMHh

TexHOAOMKO-MeiuajiypuiKU tpaxyjiiueui, Eeoipag

HcmrraH je yraqaj TeMnepaType H3BJiaMeHba, npoTona HHepTHor raca Kpos

neh, ycnoBa npeBJia^eHba (Bpcra noriHMepa h fle6jbHHa npeBJiane) Ha 3aTe3Hy

jauHHy 3bocjio)hhx CTaKJieHHX BJianaHa. JIo6HjeHH pe3yjrraTH npnKa3aHH cy

XHCTOrpaMOM .

1-15. HCHHTHBAIBE YCJIOBA H3BJIA^EHjA IUYnJLHX BJIAKAHA H3

KBAPHHE HEBH

M. Mnjah, M. IleTpoBHh, P. AneKCHh h M. JaHMHh

TexHOAOuiKO-MeiuaAyputKu ^any/iiuem , Eeoipag

HcnHTaH je yrauaj oflHoca 6p3HHe H3BJiaieH>a BJiaioHa h 6p3HHe cnyurraH>a

nona3He KBapune neBH y neh a fle6jbHHy 3Hfla H3ByMeHHx uiynjBHX KBapnHHX

BJianaHa. YTBpfjeH je h yTHnaj 6p3HHe H3BJia*ieH>a Ha ae6ji>HHy 3Hfla inyiubHX

KBapnHHX BJianaHa. JIoSnjeHH eKcnepHMeHrajiHH pesyjrrara cy o6pal)eHH mctoaom

naj.MaibHX KBa/jpaTa.



C42

1-16. JlEn03HUHJA HEKHX OKCHJIA Y AKCHJAJfflOM H PAJIH-

jajihom nPABijy hocaha

3. TlHHOBHh, B. KeBopKHjaH h M. JaHMHh

TexHOjiotuKO-MemajtypuiKU tfiaxyMueiu, Eeoipag

HcnHTHBaHH cy ycnoBH jeno:tnnnje cjweiue SiOj h P2O5 y 3aBHCHOCTH

op ochobhhx napaMCTapa H3Bol)CH>a npoueca. O^pebeim cy KOHneHTpanHOHH

npcxpHJiH aenoHOBaHor P2O5. AHajiH3HpaHH cy pe3yjrraTH y OKBHpy nocrojehHX

TeopHjCKHx MO^ejia.

1-17. JUin03HHHJA HEKHX OKCH£A YHYTAP KBAPHHE HEBH

B. KesopKHjaH, 3. "BhhobhH h M. JaHMHh

TexHOAOuiKO-MeiuauiyptuKU (paxyAuieui, Eeoipag

HcnHTHBaHH cy ycnoBH fleno3HHHje no.ia3ehH op, CMeuie SiOz h P2O5 yHjrap

KBapuHe ueBH. YTBpl)eH je yTHuaj ycjioBa H3Bol)en>a xeMHjcKe Aeno3HHHje y

napHoj <pa3H Ha 6p3HHy o6pa30BaH>a cjiojeBa craKna. JJaTa cy TeopeTCKa o6pa-

3.io>KeH>a HcnHTHBaHHx nojaBa.

1-18. KHCEJIHHCKO TPETHPAH>E HEKHX AJIKAJIHO-JIEYHHTHHX

CTEHA H3 MAKEJJOHHJE

C. noqeB, M. MaTKajmeBa, M. ManeTHh h K. JJaBKOBa

TexHOAOiuKu <paKyAiueui, CKouje

XeMHjcKe aHa.iH3e ajinajiHHX creHa - JieyuHTe H3 .noKajiHTeTa MjiaAO Hero-

pHMaHe h KypeujHHMKa Kpecra, noKa3yjy Aa ce npoqeHaT ajiKajinje Kpehe 3a

Na20 op 2,25—2,50% h K2O oa 6,10—6,40%. H3JryiHBaH>a cy BpmeHa y

cjiaSHM 11 pa3pel)eHHM opraHCKHM h HeopraHCKHM KHcejiHHaMa. H3Jiy*iHBaH»a y

pacTBOpHiwa 5%-He JiHMyHCKe KHcejiHHe h H3MeJBeHOCT AiaTepnjajia HcnoA 63

MHKpoMeTpa h3hoch 3a Na20—41,5% h 3a K2O—39,0%. TperapaH>e ajiKajmHx

creHa ca MHHepaiiHHM KHcejiHHaMa, Ha noBHUieHoj TeivmepaTypH op 85° 3a BpeMe

oa jeAHor *iaca, Aaje HajSojte pe3yjrraTe npn cjieAehHM KOHiieHTpaimjaMa kh-

cejiHHa: 10%-He HC1, Na20—37,0%, K20—79,6% h 30%-He H2SO4, Na20—

47,4% H K20—39,0%.



43 C

1-19. YTHUAJ flOJlATKA BETOHY — CyiIEPILJIACTH<I>HKATOPA HA

OCOEHHE HEMEHTA H EETOHA

fl. JeBTHB., E. Bo>KOBHh H B. flaiVljaHOBHh

rpafyeeuHCKu <paKyAuieiu u TexHO/wtuKO-MeiucutyptuKU (paKyjiiueiu, Eeoipag

EncnepHMeHTajiHa Herpa>KHBaH>a npe3eHTHpaHa obhm paflOM ycne/jana cy

y UHJby oflpe^HBaita ec})eKacH0CTH jeflHor AOAaTKa Se-roHy — cynepruiacrHCpH-

naTopa Kao h K0!wnaTH6HJiH0CTH HaBeaeHor AOAaTKa 6eTOHy h OApefjeHe Bpcre

ueAieirra (PC 20 Z 45, (J>a6pHKe „BeoqHH". H3BpmeHa je KapaKTepraaijHja no-

jia3HHx KOMnoHeHaTa : arperaia, ijeMeHTa, BOjxe h AOAaTKa ScroHy h npHKa3aH

je yTHqaj AOAaTKa cynepnjiacriMpHKaTopa Ha ueMeHT h Gctoh. Pe3yjrraTH ciwa-

H>eH>a kojihhhhc BO^e npn Hcroj KOH3HcreHHMjH qeMeHTHe Kauie, Bpeivie Be3HBaH>a,

Kao h MexaHHiKe *iBpcrohe, npHKa3aHe cy 3a TpH pa3jm*»rre KOJiHHHHe cynep-

n.iacxH(pHKaTopa. Hero Tai<o, H3BpuieHO je HaiHTHBaite yTHuaja flOflaTKa cynep-

miacTHCpHKaTopa Ha Gctoh; cnpaBJbeH je Sctoh ca TpH pa3HHiHTa W/C (paKTopa

npn Hcroj kojihhhhh HeMeHTa h Hcroj K0H3HCTeHHHjH 6eTOHa h oAper)HBaHe cy

AiexaHH^Ke KapaKTepncTHKe oeTOHa Kao h BOAOHenponycnfeHBocr. Pe3yjiTara

eKcnepHMeHrajiHor Hcrpa>KHBaH>a aajy AparoneHe noflaTKe 3a npaKcy y KopHiu-

hen>y qe«eHTa ca flOflauHiwa.

1-20. JIOBHJAH>E TPABEBKHCKE OnEKE BE3 CyiHEH>A

H CHHTEPOBAHjA

C. HcaKOBCKH h C. KoBaieBHh

TexnoAouiKu (paxyAiueiu, Hoeu Cog

y paay cy H3HeTH pe3yjiTaTH HcnHTHBaita o flo6njaH>y HOBe Bpcre rpa-

r)eBHHCi<e onene oa rvume, neiweHTa, (Joccpop ranca h rmpHTHe H3ropeTHHe 6e3

cyuieH>a h CHHrepoBaH>a. Pe3yjrraTH HcnHTHBaH>a cy noKa3ajiH ,na HOBa Bpcra

rpar)eBHHCKe onene MO>Ke aa 3aMeHH KJiacniHy rpar)eBHHCKy oneKy.

1-21. KHHETHKA H MEXAHH3AM nOMETHE C>A3E CHHTEPOBAH>A

nPAXA BAKPA

M. MHJIOUieBCKH

TexHOAOMKu <pahyAiueui, CKoiije

MexaHH3aM cHHTepoBaita aKTHBHHX npaxoBa npeAcraBJBa BeoMa 3HaMajaH

npocVieM caBpejweHe TeopHje h TexHOJiornje cmrrepoBaifca. y obom pafly, npaheHa

je KHHeTHKa CHHTepoBaH>a aKTHBHor npaxa 6aKpa, AoonjeHor nyTeM pczryKijHje

GaKapHor oKCH^a. CHHTepoBaH>e je H3BeaeH0 noA HeH30TepMHHM ycnoBHMa.

KopnujheHje.M MOAena nona3aHO je Aa MexaHH3aM AH<py3HOHor KJiH3aH>a Ay>K

rpaHHqe 3pna, oAroBopaH 3a TpaHcnopT lwaTepnjajia y noyeraoj (pa3H nponeca

CHHTepoBafta.



n. OPrAHCKA XEMHJA

CEKUMJCKO nPEAABAH>E

II-SP. nAPTHlXHIlAmiJA ^BOCTPYKE BE3E UHKJIOAJIKEHHJI

CHCTEMA y PEAKUHJAMA COJIBOJIH3E

M. MyiuiOTHpoBnh

TexHO.iouiKO-MciuajiypwKU tfraxyAiueui, Eeoipag

Khhcthmkhm MepeifeHAia, Kao h aHajiH30M npoaynaTa peaKnnja co.iBOJinae

UHKJioaJiKeHHJi cyjicpOHCKHX ecrapa, noKa3aHO je #a ce nopea peaKinije Hyicneo-

(})HJiHe cyncTHTyiuije ca pacrBapa^eM, HCTOBpeMeHO h He3aBHCHO OABnja h pe-

aKUHja cojiBOJiioe y3 napTHimnauHjy ABOcrpyKe Be3e. Y^eo GpjHHa nojeAHHHx

peaianija y yKyiraoj 6p3HHH peaKuwje 3aBHCH oa pacrBapa^a h no:io>Kaja AnocrpyKe

Be3e y MOJieKyjiy, y OAHOcy Ha peaKiuiOHH nemrap.

y u,HJi>y car^eaaBaifca 3aBHCH0CTH napTHUHnauHje AnocrpyKe ue3c oa iteHor

nojioxcaja y npcreHy, Kao h KBaHTirraTHBHor OApeoHB£H>a yae.ia nojeanHiix pe-

aKimja, Moryhe je npmweHHTH KopejiauHjy KOncraHTH 6p3HHa co^Bo.iH3e Hcrm-

THBaiiHx jeflHiteiba ca Ta<J)TOBHM ct* KOHCTairraMa.

Obhm nocrynKOM je 3a cojiB0.ui3y UHK-ioxeKceHH.iAieTH.i h eTH.i aepiiBaTa

noKa3aHO fla koa UHKJioxeKC-2-eHH.i-MeTH.i, nHKJioxei<c-l-eHH.ieTHJi h ibikjio-

HeKc-3-eHHJieTHJi 6po3H.naTa A0Jia3H ao noBeha&a 6p3HHe peaKimje. Koa oAro-

Bapajyhnx 3acHhemoc aHajiora Kao h koa UHK;ioxei<c-2-eHH.ieTn.i 6po3HJiaTa

npHcycTBO flBOcrpyKe Be3e He aoboah no noBehaH>a 6p3HHe peanuHje.

KopejiarjHjoM KOHCTaHTHHx 6p3HHa cojiBonH3e HHKJioneHTeHn;iMeTH.i aepn-

BaTa ca TacpTOBHM a* KOHcraHTaMa noKa3aHO je aa 3acHheno jeAHiteibe, Kao-

h He3acHheHH H30iwep 3 co;iBOJiH3yjy no flBa pa3JinMHTa MexanH3iwa: HyKJieo-

(pHJiHa cynctHTyuHja ca pacTBapaMeiw h no MexaHH3My nojH yKJbyvyje a nap-

THHHnaujijy. Co:iBOJiH3a H30Mepa 2 ce napa.ie.nHO oflBHja h no Tpeheiw jyiexannsMy

KojH yKJby«yjy napTHnnnauHjy ABoerpyKe Be3e.

Koa OATOBapajyhHx UHKJioneHTeHHJieTHJi aepHBaTa napTHn.Hiian.Hja abo-

crpyKe Be3e je npncyraa cawo koa H3oiwepa 1 h 3, aok 3acnheH0 jeAHH>eifce 11

H30iwep 2 cojiBOJiH3yjy 6e3 yMeinha aHXHMepHO acncTHpaHe joHH3an.Hje.

3aKJby»ieHO je Aa ao noBehan>a 6p3HHe peaKUHje, yc:ieA napTHniinannje

ABOcrpyKe Be3e aojkujh y cbhm oiyiajeBHAia Kaaa je flBocrpyi<a Be3a yA^^na

oa peaKUHOHor nempa 3a HenapaH 6poj yrjbeHHKOBHX aTOMa.
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fl-1. PEAKUHJA A4-AJIKEHHJI-EEH3HJI-ETAPA CA

N-EPOMCyKUHHHMHJJOM

M. Jb. MHxanjiOBHh, C. KoHcraHTHHOBHh, 3. PanocaBjbeBHfc h A. TeoflopoBHh

IIpupogno-MaiueMaiuuHKu jxvcyjtiueiu, Beoipag, Hiiciuuiuyul 3a xeiuujy, uiexHOAoiujy

u Meuia/typiujy, Beoipag u TJpupogHO-MaiueMatuuHKU $axyjiuieui, Kpaiyjeeau,

IIpoy^aBaHa je peaKUjija bbkbx A4-ajiKeHHJi-6eH3HJi-eTapa ca OKCHflaHHOHHM

cpeacTBHMa Koja Bpme UHKjiH3auHjy oaroBapajyhnx A4-ojie<pHHCKHX ajiKoxojia

(N-6poMcyKUHHHMHfl, nepKHcejiHHe ht^.). HaljeHO je, Ha npHMep, ;ja npn pe-

aKUHjH ca N-6poMcyKu«HHMHflOM flo^a3H 30 pacKHflaiba eTapcKe Be3e h HHTpa-

MOJieKyjicKe uHKJiH3au.Hje Tano nocrajior A4-ara<eHHJiOKCH-paflHKajiCKor (ppar-

MeHTa. riopea 6eH3im-flepHBaTa (6eH3HJi-6poMHfla, 6eH3HJi-ajiKoxojia, N-6eH3HJi-

CyKUHHHMHfla), KaO peaKHHOHH IIpOH3BOflH H3flBOjeHH cy H OHH UHKJDPIHH CTpH

TeTpaxH^po^ypaHCKor h TeTpaxHaponnpaHCKor ™na kojh nocrajy npn flejcrBy

Hcror peareHca Ha oflroBapajyhe A4-ajiKeHOjie. TaKoI)e je Ha^eHO fla A^ajiKe-

HHJi-ajiKHJi-eTpH He pearyjy noa obhm peaKUHOHHM yoiOBHAia.

H-2. UUKJIOriPOnAHOBAIfcE KOMEHHAUJiJOM MICHAEL-OBe AJJ.H-

IJHJE H HHTPAMOJIEKYJICKOr AJIKHJIOBAH>A

)K. MeKOBHh h P. MaTOBHh

T7pupogno-MaiueMaiuuHKU (fraxyjiuieiu , Beoipag u Hncuiuiuyui 3a xeMujy, ulexHO-

AoiuMjy u MeiuaAypiujy, Beoipag

CHHTe3e nojiHcyncTHTyHcaHHX aepHBaTa iyucionponaHa, Kojn yjia3e y cacraB

MHOrHX npHpOAHHX npOH3BOfla H HdCHX 3HaMajHHX CHHTeTHMKHX jeflHH>eH>a,

Mory ce ycneuiHO ocrBapHTH KOMSHHauHjoM Michael-OBe aflHunje h HHTpaMOJie-

KyjicKor ajn<HJioBaH>a. JJejcrBOM HyioiecxpHJiHHX qecTHua Kao ujto je imjammHH

aHjoH Ha ajiKHJiHAeH aepHBaie aKTHBHHx mcthjichckhx jeflHH>eH>a Koja caapwe

Aoopy oa:ia3ehy rpyny (imp. 6poivi) y ajimiHOM nojio>Kajy aoSHBajy ce oaroBa-

pajyhH nojiHcyncTHTyHcaHH flepHBara UHKJionponaHa. Obhm nocrynKOM CHHTe-

TH30BaH je, y jeflHoj cpa3H, cthji l,2-flmmjaHo-3,3-flHMexHJi-l-imKnonponaH-

Kap6oKCHJiaT y npHHOcy or 78% ynoipe6ji>aBajyhH 2-6poMOH3o6yTHJiHfleH /je-

pHBaT unjaHCHpheTHor ecrpa Kao nojia3Hy cyncraHuy. J\ait.im chhtcthmkhm

TpaHctpopMaimjaiwa OBora npoH3BOfla ao6HBa ce KJtyMHH HHTepMe^Hjep y chhtc3h

nHpeTpOHflHHX HHCeKTHHHfla.

n-3. PEAKUHJA IJHKJIHHHHX a, p-HE3ACHTiEHHX KAPEOHCKHX

KHCEJIHHA CA J^30JlH*EHHJIMETAHOM Y ETAHOJIY

r. HHKOJiHb, 6. KpcTHh h M. MyuiKaTHpoBHh

TexHOJioutKO-MemoAyptuKU $>OKyAiueui, Beoipag

3a npoy^aBaae peaKTHBHOCTH a,p-UHKJioanKeHHJiKap6oHCKHX KHceJiHHa ko-

pHmheaa je H>HxoBa peaninija ca aHa30£H(peHHJiMeTaHOM y eTaHOJiy. Oflpe^eHe
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cy KOHCTaHTe 6p3HHa peaKUHje DDM ca a,p-imKnonenTeHHJi, UHK.ioxeKceHiiJi

h UHKJioxeirreHHJi Kap6oHCKHM KHce.iHHaMa. IlopebcihCM .loonjemix pe3yjrraTa

ca KOHCTamaMa 3a p,Y-UHKnoajiKeHHJi CHpherae KHceJiHHe flHCKyTOBan je e(pei<aT

a,(3 flBocrpyKe Be3e UHKJioajiKeHHJi cHcreiwa.

II-4. HCnHTHBAH>E PEAKTHBHOCTH nHPHJJHHKAPEOHCKHX H

N-OKCHnHPHflHHKAPBOHCKHX KHCEJIHHA CA AHA30^HOEHM.l-

METAHOM y JUlMETHJIOOPMAMH^y

M. MHiiiHh-ByKOBHh, M. PaflojKOBHh-BejimiKOBHh , M. JoBHh h J. TajiOBHli

TexHosiouiKO-MeiuciAypiuKU (fraKy.nuieui, Eeoipag

Oapel)HBaHe cy KOHcraHre 6p3HHe peaKUHje HH3a m- h />-cyiicrHTyHcaHiix

nHpHflHHKap6oHCKHX h N-OKCHnHpHflHHKap6oHCKHX KHce.iHHa ca Kap60KCH;iHH.M

rpynajwa y nojio>KajHMa 3- h 4- OflroBapajyhHx je3rapa, y peaKUHjH ca flHa3oaH-

(peHHJiMeTaHOM y flHMeTHjicpopMaiviHfly Kao pacTBapaqy. JIorapHTMH KOHCTaHTii

6p3HHa peaKUHje KHcejiHHa ca iijhpokhm onceroM e^enaTa cyncTHTyenaTa Kope-

jiHcaHe cy ca aflHTHBHHM a KOHcraHTajwa (Hammett-OBe n KoncraHTe 3a cyncTH-

TyeHTe iuiyc a BpeflHOCTH 3a nnpHAHH a3a-rpyny h N-okch rpyny) np-H Me.«y

je floGnjeHa KpHBOJiHHHjcKa 3aBHCHOcr. IlpoMeHa y crpyKTypH npejiaaHor crania

je flHCKyTOBaHa Kao nocneAHua ecpercra cyncTHTyeHaia. PeaKTHBHocr />-cynern-

TyHcaBHX N-OKCHnHpHflHHKap6oBCKHx KHcejiHHa y hctom pacTBapa^y yKa3HBajia

je Ba npncycTBO HHTpaMOJieKyiiapHe BOflOHiraHe Be3e h yraiiaj cyncxiiTyeHaTa

Ha H>eHy craSHJiHOcr.

n-5. 3AUITHTA KAPEOKCHJIHE TPYnE a-EPOMOBAHHX KHCEJIHHA

nOMOTiy rPHKbAPOBOr PEArEHCA: JHiPEKTHA CHHTE3A (3-XH-

JJPPOKCH KHCEJIHHA PEAKHHJOM PEOOPMATCKOr

C. IlaBjioB, M. BoraBaq, JI. ApceHHjeBHh h B. ApceHnjeBHh

<t>apManeyuicKU (paxyAuieiu , Eeoipag

HaljeHO je fla ce a-6pOMOBaHe-KH.cejiHHe, TpeiHpaHe eKBHBajieHTHOM kojth-

uhhom eTHJu«arHe3HjyM-6poMHAa, Mory flHpeKTHo ynoTpe6nTH y peaKUHjH Pe<pop-

MaTCKor, npH Meiwy Hacrajy (3-xHApoKCH-KHce.nHHe. npHHocn y OBoj peanuHjn

cy 6oji>h Hero y KJiacHMHoj peaiomjH PecpopjnaTCKor y nojoj a-6poMo-ecrpH Bpjio

Mecro pearyjy jwerjy co6om ujto cMaityje npHHoc (3-xHApoKCH-ecrpa. KnacHMHM

pacrBapaMH y peaKHHjn PeepopiwaTCKor (6eH30Ji h eTap) HHcy noroflHH jep He

pacrBapajy 6poMOMarHe3HjyMOBy co a-6poMOBaHe KHcejiime, aok ce THF no-

Ka3ao Kao Bpjio noroflaH pacTBapai.
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n-6. £OEHJAH>E AJI,HEXH£A H3 JIHTHJYM (HJIH HATPHJYM) <I>OP-

MHJATA H OPrAHOMETAJIHHX JEjmH>EH>A

M. EoraBaij, JI. ApcemijeBHh, C. IlaBJioB h B. ApceHHjeBHh

<PapManeyiucKU tpOKyjuueui, Eeoipag

3arpeBaH>eM jiHrajyM (hjih HaTpHjyM) (popMHjaTa ca Grignard-OBHM pea-

reHCOM y THF aooHjeHH cy ajiHcpaTiraHH h apoiwaTiwHH anaexuflH ca npHHOcoM

oa 70—80%. Cjutchh npHHOCH cy AOOHjeHH Ka/ja cy yMecro Grignard-OBor

peareHca ynoTpe6ji>eHa ajiKHJi- hjih apHJi-jmTHjyMOBa jeflHH>eH>a. Ka^a ce, nan,

Kao peareHC y3iwe (CH3)2CBr-COOMgBr h uhhk, OHfla ce Ao6Hja flHMeTHJKpopMHJi-

CHpheTHa KHcejiHHa ca npnHocoM 0/4 oko 50%.

n-7. IIPHMEHA ALUmOJIABHJIHHX ECTAPA 3A J^HPEKTHY CHH-

TE3Y (3-OKCH-KHCEJIHHA

JI. ApceHHjeBnb, M. EoraBau, C. IlaBJioB h B. ApceHHjeBHh

0apMau,eymcKU tpoKyjiuUiu, Eeoipag

HcnHTHBaHa je MoryhHocr jja ce pa3JiH*iHTH 1-ajiKOKcnajiKHJi-ecTpH, Kojn

cy cTa6HJiHH y anpoTHMHHM yaioBHMa a Bpjio oceTJbHBH npeiwa KHcejioj XHflpo-

JIH3H, ynoTpe6e 3a anpeKTHO flo6HjaH>e p-xHflpoKCH-KHcejiHHa nojwohy peaKunje

Pe(popiwaTCKOc. Obh ecrpn BeoMa JiaKo Hacrrajy y KBaHTHraTHBHOM npnHocy

aKO ce <x-6poMOBaHe KHcejiHHe TpeTHpajy, Ha cooHoj TeMnepaTypH, y TOKy npaT-

Kor BpeMeHa ca 6hjio kojhm ofl KOMepimjajiHHX ajiKHJiBHHHJi-eTapa hjth naK

eHOJi-eTapa. OBano floonjeHH ecrpH ce 6e3 npe^HuihaBaH>a Mory ynoTpe6HTH

y peaKunjH PetpopiwaTCKor aJiH nofl ycnoBOM jja ce peaKunja H3BOflH y noneTKy

Ha 0° a 3aTHM ce Meuia Ha cooHoj TeiwnepaxypH ;jok caB uhhk He H3pearyje. PeaK-

UHOHa ciwema ce 3aTHM TperHpa, Ha xjiaflHOM, pa36jia>KeHOM MHHepajraoM KHce-

jibhom npn Meiwy Hacrajy, ca BeoMa floCpHM npHHOcoM, oflroBapajyhe (3-XHflpoKCH-

-KHcejiHHe.

D-8. CHHTE3E N-ETHJIAMHJJA OEHHJICHP'RETHE KHCEJIHHE

C. IleTpoBHfe, H. OojaHOBHh, O. CTojaHOBHh h H. KooHJiapoB

TexHOJtouiKO-MewcutypuiKu Qcacy/mUSi, Eeoipag

YnoTpe6ji.eHe cy paanmiHTe cHHreTCKe Me-rc-ae flo6HjaH>a N-eTHJiaMHfla

(peHHJicHpheTHe KHcejiHHe. HajfkwtH pesyjirara cy flOOHjeHH KOpimihe&eai pean-

qgja aMHH0JiH3e . 3a peaKunje cy yDorpeQjMHH bojxchh pacrBopH enunMBBa,

a peaKTaHTH cy KOpHndMBH y paaJUWHTHM HOjnranouu. YnopeljeHH cy peayjrraTH

pa3JBIMHTHX CHHTeTCKHX MCTOfla.
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n-9. KOHOOPMAUHOHA EHEPrHJA IIO;iH(0-METHJI

CTHPOJIA)

M. IIjiaBiiiHh

TexHOjunuKO-MeiuaAyptuKu fyaxy.xiueui , Eeoipag

y paay je npta aHajiH3a eHeprerciaix HHBoa nojm(o-MeTHJi crHpojia) yiciby-

^jyjyhH fleTaJbHe eHepreTcne Mane. H3paiyHaTH pe3yjrraTH cy nopeljeHH ca oa-

roBapajyhn.M ManaMa nojiH(crHpojia). H3pa3HTa npoMeHa y HHBOHMa KOHCpop.Ma-

UHOHe eHepraje je eBH^eHTHa, nao h ^HCTop3Hja cHMeipHje 3a Mane anjajja ca

cy6crHTyeHTHMa y aHTHnapajie.iHHM nojio>KajHMa. H3paMyHaBaH>e eHeprercKHx

Mana H3BeaeHo je npeMa Flory mcto,iih Ha IBM 1 1 30 panyHapy Ha TexHOJiouiKo-

-MeTajiypujKOM (paKy.iTeTy y Beorpaay.

n-10.KOH4>OPMAIXHOHAEHEPrHJA nOJIH (JlHTOJiyHJIHTAKO-

HATA)

M. ILiaBIIIHh H J. BeJlHUKOBHh

TexHOAOtuKO-MeuiaAypuiKU ipaKymuew, Eeoipag

Tojiymi ecrpe HtaKOHCKe KHcejiHHe mme TpH crepHa H30Mepa ca mcthji

rpynaMa y opTo, MeTa hjih napa nojioH<ajy Ha SeracuiOBOM je3rpy. Obh nojiHjwepH

nona3yjy H3Becny pa3JiHKy y noHaiuaH>y y pa36jia>KeHHM pacTBopHMa, noja ce

oapajKaBa Tanolje y paaraujH HenopeMeheHHX flHMeH3Hja. jja 6H ce o6jacHHJie

ose pa3Jnn<e, ripeTnocraBJBeHO je fla crpyicrypHH H30MepH3aM ynrae Ha koh-

(popMaqHOHe KapaKTepHCTHKe oahocho KpyTocr jiaHna. H3 jiHTepaType je no3HaTO

aa cy KOfl BHHHjmAeHCKHx nojiHMepa caMo Hena on KOH(popMauHOHHX craH>a

anjafle oa npaKTH^Hor 3HaMaja. YTHuaj nojeflHHHx napoBa, noceSHo ohhx Koje

mme Meran rpyne, noTBp^yjy npexnocraBKy o 3HaMajy nojio>Kaja mcthji rpyne

Ha KOH(popManHOHy eHeprajy obhx nojiHMepa.

H-ll. nPOy^BAIBE TEPMHJCKE JlErPAJWUHJE nOJIH(flH-HTAKO-

HATA) HH<t>PAUPBEHOM CnEKTPOCKOIIHJOM

J. BejiH^KOBHh h H. IIonoBHh

TexHOAOiuKO-MeiucuiypiuKU ^OKyjaueiu, Eeoipag

y paay cy nocMaTpaHe npoMeHe Hacrajie H3JiaraH>eM hckhx nojra(flH-irra-

KOHaTa) noBHmeHoj TeMnepaTypn. AerpaaauHja je H3Bol)eHa y Ba3flyxy, BaKyyMy

h crpyjH MHcror KHceoHHKa y TeMnepatypHOM HHTepBajiy op, 155 flo 230° y Tpa-

jan>y oa 30 #o 240 MHHyTa. Hacrajie npoMeHe noiMMepa npaheHe cy raMppaup-

BCHOM CneKTpOCKOnHjOM, KaO H HCIIHTHBaH>eM paCTBOpJBHBOCTH H Oflpef)HBaH>eM
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rpaHHMHor BHCK03HTCTHor 6poja. Moryha o6jamae&a 3a yoieHe npoMeHe cy

AHCKyTOBaHa. EKCuepHKeuxajiuu noflauH yna3yjy Ha BepoBaraocT nmpaMOJie-

KyjKKor cTBapaH>a neTO^JiaHor aHXHAPHAHor npcreHa y3 ocno6atjaH>e uHKJiona-

pacpHHa. HaBpmea je h xepmajseaaagmKa npopavyH rop&ax ipammmix paBHo-

tokhhx KpHTHHHHX TeiwnepaTypa o6pa30BaH>a nojiH(aH-HTaKOHaTa) pa^yHCKOM

MeToaoM.

H-12. MEXAHOXEMHJCKE PEAKUHJE KAYHYKA

P. PncTHh h J. Benn«iKOBHh

XeMujcKo-iyMapcKa ungyciupuja „Mu/ioje 3aKuh" Kpyuieeau, u TexHOAOtUKO-ueuia-

jtypuiKU <p~aKyjuueiu, Eeoipag

HcnHTHBaHo je xeftmjcxo noHamaibe KayMyna y npouecy MexaioraKe npepaae

(.Meuiaae y MHKcepy). yrepljeHO je fla nofl thm ycjiOBHMa Kaynyim imcy xe.wnj-

ckh HHepTHe MaxepHje, Beh m ce y H>HMa QgBHjajy xesrajcKe peararHje H3a3BaHe

MexaHHMKHM HanoHOM-MexaHoxeMHjcKe peanuHje. ycraHOBJbeHO je m MexaHO-

xeMHjcKe pearajHje mtajy flBa crynaba: IlpBH crynaH. je MexaHOTKO KHflaH>e

MaKpoMoneKyjia, tj. KOBajKHTHe xesrajcKe Be3e mate Hacrajy Asa MaKpopa^H-

najia. itpyra crynaH. je pearoBa&e MaKpopaaHKana ca aKqerrropHMa paflHKana

h Merjy coSom. npoy^aBaH je yraijaj flBory6e Be3e, (peHHJiHe h HHTpmrne rpyne

Ha tok AiexaHoxeAuijcKHX peaKHHja KayryKa. ycraHOBJBeHO je fla cy iwetjyMOJie-

KyjiCKe Koxe3HOHe CHJie h MOJieny^CKa Maca, ca jeflHe crpaHe h HHTeH3HTeT iwe-

xaHHMKor AejcrBa, ca flpyre crpaHe, ochobhh napajweTpH npBor cryrnba MexaHO-

xeMHjcKHX pearamja. JJpynt crynaH. iwexaHOxeiwH jckhx peaiomja je (pyHKirnja

aKTHBHOCTH h KOHnempauHje aKuerrropa panHKajia. Kao aKuerrropH paflHKajia

cy npoyMemi: khccohhk, cra6HJiH3aTopH, OMeKiuHBa^H h MOHOMepn. yrBptJeHa

je AioryhHOCT MexaHOxeMnjenor HHHUHpaH>a cmrrese KaneMJbeHHx h 6jioK-Kono-

jraiviepa.

H-13. yTHUAJ TEMnEPATyPE HA IIPOMEHE nOJIHjmCIIEPCHOCTH

y nPOUECy CA3PEBAH>A AJIAKHUEJiyjI03A

J. Danhelka, M. TeonppoBHb h Jb. MajaaHaq

Institute of Macromolecular Chemistry, Prague

u TexHOjimuKO-MeuLcuiypuiKU tpaKyniueiu, Eeoipag

HcriHTHBaHa je npepacnonejia MOJieKyjiCKor cacraBa ajn<ajiHuejryji03a y

TOKy ca3peBaH>a Ha TeMnepaTypaiwa 35, 50 h 65°, a y BpeMeHCKHM HHTepBattHMa

o/i 0 flo 24 yaca. 3a ajmanHO TpeTHpan>e KopmiiheHa je JiHuihapcna n.eJiyji03a

ao6njeHa cyjicpaTHHM nocrynKOM c npeflXHAponH30M. IIojia3HH creneH nojrHMe-

pH3aqnje nejryjio3e h3hocho je 750 h 514. Ilocjie ca3peBaH>a y3opirn ajncanH-

uejryjio3a cy HcrmpaHH h npeBofjeHH y TpHKap6aHmiaT a 3aTHM 4)paKUHOHHcaHH

npHMeHOM GPC-MeTOAe.
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D-14. CTEIIEH HHKJIH3AHHJE H OKCHJIAHHJE KOH TEPMH*IKOr

TPETMAHA nOJIHAKPHJIOHHTPHJIHOr (I1AH) BJIAKHA

A. Cnacecna h M. EanajiOBCKa

OXHC, Cxouje, u TexHOAotuxu (paKyAiueiu, Cxouje

y iytiby flo6HjaH>a BHCOKO-KBajnrreTHor yrjbeiowHor BJiaKHa, nojia3ehn

oa nojiHaKpHJiOHHTpmiHor (IIAH) BJiaKHa, hcto ce Hajnpe TepMHqKH CTa6njm3yje

npe Kap6oHH3aijHje y Ba3flyuiHoj aTMOccpepn, Ha TeMnepaTypn ao 300°. Kao

pe3yjrraT TepivumKor TpeTMaHa BJiaKHa h nojaBe peaKimja UHKJiH3aiuije h okch-

flaipije, ao6nja ce njiaMeHo-OTnopHO BJiaKHo. y obom paAy npaheHa je npo.weHa

CBojcraBa BJianaHa npmiHKOM TepMHMKor TpeTMaHa, BapHpan>eM HenoimKO na-

paivieTapa.

11-15. OHEHA AEJCTBA AJ1COPEEHATA HA TOK XHflPOrEHOBAIBA

BHJbHOr yJbA

>K. Bp6auiKH, K. BpaHau, M. EyAHiraeBHh h "B. MaHa^H

npupogHO-Maiu.eMow.UHKu 4>ai<y.nueiu, Hoeu Cog

HcnHTHBaH je yTHuaj npeTXOjjpue o6paae yjba pemme ca pa3JnumTHM a/j-

copGeHTHMa Ha 6a3H aKTHBHpaHHX rviHHa, Ha 6p3HHy XHflporeHOBaH>a. OrjieAH

XHflporeHOBaita cy Bpiuemi ca cnpoBHM yjbeivi h HeyTpanncaHMM, a npHMeHbena

cy TpH AOMaha h jeaaH yB03HH aacop6eHT. XnAporeHOBaH>a cy paljeHa no/i aT-

MOC(pepcKHM npHTHCKOM BOflOHHKa y Jia6opaTopHjcKOM peaKTopy. Bp3HHa XHApo-

reHOBaita je HCKa3aHa npoiweHoiw HHAenca pecppaKipije. IIpHKa3aH je ynmaj

nojeflHHHx aacop6eHaTa Ha npoiweHy 6oje yjba h Ha 6p3HHy xnflporeHOBaHba.

11-16. nPHnPEMA H OnJIEMEBbHBAIBE ECTAPA BHUIHX MACHHX

KHCEJIHHA H BHUIHX MACHHX AJBKOXOJIA

5K. BpSaiUKH, M. ByAHHqeBHh, "B. HanaAH h K. BpaHau

npupogHO-MauieMaiuuHKu (paKyAweui, Hoeu Cog

H3BeAeHH cy orjieAH ecrepHcpHKaimje bhuihx MacHHX ajiKoxona ca bhuihm

MacHHM KHcejiHHaMa y inuby Ao6njaH>a npoffyKara kojh ce Mory npHMemtiH Kao

CHHTeTCKH bockobh. HcnHTaHH cy aJIKajIHH KaTajiH3aTopH, Kao H KaTaJIH3aTOpH

Ha 6a3H MeTajiHHx cojih, y3 a3eoTponHO yKJiaH>aH>e peaKUHOHe BOAe H3 CHcreMa.

y UHJby oiuieMeH>HBaH.a Hacrajmx npoAyKata H3BeAeHH cy h orjieAH 6ejbeH>a

ca aAcopGeHTHMa h HeyTpanH3auHje BHmKa cjioGoahhx MacHHX KHCcnHHa. JI,aTa

je oueHa MoryhHOCTH npHnpcMe h npHMCBe AooHjeHHx ecrapa y HHAycTpHjH.
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n-17. BEJbEH>E AECTHJIOBAHHX MACHHX KHCEJIHHA AHHMAJIHOr

nOPEKJIA ynOTPEEOM flOMA'RHX AUCOPEEHATA

3K. Bp6ainKH, "B. Mana^H, K. BpaHau, h M. EyflHmeBHh

npupogno-MaiueMcauuHKU fyaKyjiuiew., Horn Cag

iJecTHJionaHC Maciic KHcejmHe aHHMajinor nopemia cy TperapaHe aftcop-

6eHTOM y ipuby no6ojuiiaif>a 6oje h yKJiaH>aH>a flejia KaTajiH3aTopcKHx rnpoBa

luto oiworyhaBa 6ojte peayjrrare tokom XH/iporeHOBaifea. Kao a#cop6cHTH cy

KopHUiheHe floiwahe aiCTHBHpane rcnnre TepacpHH mcthjiht h TepacpHH SA h

yB03Ha Tonsil standard FF. YTBplJeHO je /ja flojwaha aKTHBHpaHa rjitma Tepacpim

MeTHJiHT 3aAOBOJi>aBa nocraBJbeHe ycJiOBe h nona3yje pe3yjrraTe nomyno yno-

peaHBe ca pe3yjrraTHnia Kojn ce nocnoKy ca yBOSHHM aAcop6eHTHMa. HcnsraH

je h yrauaj KOHneHTpanHje ynoTpeojfceHor aacop6cHTa Ha CMaH>eH>e 6oje Macron

KHcejinua.



m. 4>H3HHKA XEMHJA H EJIEKTPOXEMHJA

CEKUHJCKO nPEflABAIfcE

III-SP. OJXPE*BHBAH>E TEPMOflHHAMH^KHX KOHCTAHATA XEMHJ

CKHX PABHOTE)KA. JE^H HOB nPHCTYII

"Boplje M. rieTKOBHh

Huciuuuiyui 3a HyKJteapne nayne „Eopuc Kugpun", Bunna—Eeoipag

3a xeMHjcne peaKimje, npHKa3aHe y onurreM oGjiHKy nao

A+B—AB„, (1)

o/rpel)HBaH>e KOHcraHaTa xeninjcKHx poBHOTe>Ka, aecpHHHcaHHX cjieaehoM jeflHa-

MHHOM

K = ^, (2)

npeTnocraBJbano je ozryBeK tchok npo6jieM. Akthbhocth cbhx KOMnoHeHaTa

Koje y^ecTByjy y peaiomjH (1) o6huho HHcy no3HaTe. Jla 6h ce OTKJioHmie Te-

uiKohe Koje Hacrajy 36or pa3JiH*mTHx eKcrpanojiauHja pa3BHjeH je hob AieToa

KojH ce KopHCTH jeflH. (2) y cjiefleheM oojiHKy

- log aA = log K+ SL (3)

<*AB

IIoTpe6Ho je aa ce no3Haje xeMHjcna aKTHBHocT KoiwnoHeHTe A, Tj. cia, h paBHo-

Te>KHa KOHuempauHja KoiwnoHeirre B hjih AB, Tj. Cb hjih Cab- MeTOfl ce 3a-

CHHBa Ha rpacpHHKOM npHKa3HBaH>y eKcnepHMeHTEUiHHX noflaTana noiwohy je^H.

(3), Tj. = log aa—f(CAB) hjih — log d\—{(Cb), npH uejny ce floSnja cHraoHAHa

KpHBa Koja HMa npeBojHy TaiKy. 0,npel)eHe MaTejwaTHUKe onepaunje noKa3yjy

jia ce KOjnwHHK a^laxB MOH<e Ha npeBojHoj Ta*iKH ,na 3aiweHH jeflHHM H3pa30M

KojH caAp>KH yKynHe aHajnrrH*n<e KOHi^eHTpanjije KOMnoHeHaTa A h B. Kano

je oa Beh no3HaTO to ce TepinoflHHaMH*H<a KOHCTaHTa xeMnjcne paBHOTe>Ke Jiano

H3pa*iyHaBa H3 je^H. (3).

OBaj jeflHHCTBeH iweTOfl 3a o;rpeI)HBaH>e Tepiwo^HaivuwKHX KOHcraHaTa

xeMHjcKHx paBHOTe>Ka KopHCTH ce KOHa*iHHM aHajiHTHiKHM KOHuempauHjaMa 6e3

HKaKBHx eKCTpanojiauHja cTexHOMerpHjckhx KOHcraHaTa Ha Hyjrry joHCKy jamnry.

Ha Taj HauHH MOH<e ;ja ce aol)e pp TepMOAHHaivuniKHx KOHcraHaTa h y kohuch-

TpoBaHHM pacTBopHMa, He no3HaBajyhH xejvuijcKe 3kthbhocth cbhx KOMnoHeHaTa

Koje yMecrByjy y xeMHjcKoj peaiomjH.
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Ilpefljio>KeH MeTOfl ce ycneuiHO npHMeityje Ha xeMMjcne paBHOTe>Ke npo-

ueca eKcrpaKHHje opraHCKHM pacrBapaHHMa, joHCKe H3iweHe h AHConnjanHje

jaKHX KHcejuma.

CEKUHJCKO nPEflABAftE

ffl-SP. EJIEKTPOXEMHJCKE OCOBHHE CYIIEPJOHCKHX

nPOBOjmHKA

MnneHKo B. lllyuiwh

IIpupogHO-MauieMauiuHKU (paxyAiueui, Eeolpag

CynepjoHCKH npoBOAHHHH cy neyoSimajeHH ^Bpcrn johckh chctcmh koa

KojHX je npaBHJiHOCT KpHcrajiHe peuieTKe y 3HaTHoj MepH nopeMeheHa Tano Aa

ce Kpoa H>y Mory jiaKO h 6p3o Aa Kpehy joHH ca Bpno MajiHM eHeprajaiwa aKTH-

Baisije (~0,1 eV), ihto aoboah ao pejiaTHBHo BHCone joHcne ejieicrpHMHe npo-

BOjubHBOcm Ha o6hmhhm hjih noBHiueHHM TeiwnepaTypaMa. Ochobhh MexamnaM

KpeTafta joHa je, noA aejcTBOM ejieicrpiraHor nojba, ycMepeHO KpeTaite y cko-

KOBHAia npeno HH3a paBHOTe>KHHX nojio>Kaja. 3a OBaKBO KpeTaite cy KapaKTe-

pHCTHMHa BpeMe 3a^p>KaBaH>a y paBHOTe>KHOM nojiowajy, Tr, h Bpeivie CKOKa,

Tt, Tj., Bpeiae npejiacna H3 jeAHor y apyrn paBHOTOKHH nojio>Kaj. Hene cia6o

npOBOflHe joHCKC tpa3e (H30JiaTopcKHX h nojiynpoBOAHH^KHx oco6HHa) Ha OApe-

l)eHH TejwnepaTypaMa npejia3e y cynepjoHCKe cpa3e (cynepjoHCKH npoBOAHHK)

npn HeMy ce aemaBajy Bpjio KapaKTepHCTH*me npoiweHe CTpyKType. HaHMe,

y hoboj crpyKTypii nonpeTHH johh HMajy Ha pacnojiaraity aa^eKO BHiue Mecra

Hero uito HjHX HMa, Tarco %a ce noHauiajy Kao Aa cy y TeuHOM ciaH>y (KBa3H tchho

craH>e). HMajyhH y BHAy h oBe TpaHccpopMaunje crpyicrype, cynepjoHCKH npo-

boahhuh ce Ae<J)HHHiuy h nao chctcmh Kojn noceAyjy noKpeiHy h HenoKpeTHy

noApemeTKy (cy6peuieTKa) . Johh Kojn MHHe HenoKpeTHy cySpemeTKy He ywe-

crByjy y npoBOAJBHBocrH hhth noAJiewy AH(J)y3HjH HaKo ocuHjiyjy oko CBojHx

paBHOTe>KHor nojio>Kaja.

rio3HaT je BejiHKH 6poj cynepjoncKHx npoBOAHHKa KaTjoHcnor h aHjoHcnor

Tuna Kojn ce cynepjoHCKH noHauiajy Ha oohmhhm huh noBHuieHHM TeiwnepaTypaMa

h 3aBHCHo oa npnpoAe cy Maite hjih BHiue oraopHH npeMa arpecHBHHM xeMHjcKHM

ai'eHCHMa. ITopeKJio bhcokc ejieKTpHMHe npoBOA-tHBocrH noTHHe oa AecpeKTHe

CTpyicrype npoBOAHHKa Koja ce nocrH>Ke 0Ape!)eHHM Ha^HHOM CHHTe3e npn MeMy

ce cTBapajy oApef)eHH thhobh AecJjeKaTa y OApetjeHHM KOHueHTpauHjaMa y TaKBoj

crpyKTypH Koja oMoryhyje KpeTaite noKperanx joHa 6ap y ABe AHMeH3Hje. Haj-

6oJi>e je ano crpyKTypa OMoryhyje KpeTaH>e joHa y CBa TpH KoopAHHaTHa npaBua

6e3 enepreTCKHx 6apnjepa Ha rpaHHHH 3pHa nojiHKpHcrajiHHx npoBOAHHKa. HeKH

cynepjoHCKH npoBOAHHHH ce 6p3HM xna^eiteM H3 pacronJbeHor craH>a Mory npe-

TBopmH y craKJiacro craifce Koje TaKot)e noKa3yje cynepjoHCKe KapaKTepHCTHKe.

iIoHauiaH>e rpaiiHMHe noBpiUHHe ejieKTpoAa/cynepjoHCKH npoBOAHHK (ejieK-

tdojiht) npn nojiapHsaunjH jeAHOCMepHOM hjih HaH3MeHHMHOM crpyjoM je oa

noce6Hor TeopnjcKor h npaKTH^Hor 3Ha*iaja 6yAyhn Aa ce y bcjihkom 6pojy cjiy
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MajeBa aHOflHH h KaTOflHH npojjyKTH 3aapn<aBajy Ha ejieKTpoflH hjih y rrpHeneK-

tpoahom ciojy npH Meiwy ce 3HaiHo weita npHpoga rpamnm noBpnoraa. 3aBHCHo

op, npHpofle cynepjoHCKor npoBOflHHKa h ejieKTpo^e Mory ce (oMeKHBaTH) ,o;o6hth

paa/QPiHTH nojiapH3ainiOHH etpeicni Be3anH 3a ecpeicre KpHcrajncianHje , jiernpaH>a

h nacHBHpa&a kojh ce AemaBajy Ha rpamraioj noBpmrai. rpaHHua eneicrpQaa/

ejieKTpojiHT 3aBHCHo op, npHpo^e flBejy cpa3a h rpaAHjeHra uoreHinijajia nonaayje

o/tpefyeHy BpeflHocT KanauHTeTa ABOcrpyKor enenTpH^mor cjioja hito je qa no-

ce6Hor 3Havaja y npHMeHH cynepjoHCKiix npoBOAHHKa.

Ca npaKTHMHe TaiKe rjieAHurra MBpcra cynepjoBCKH iipoboahhuh cy spjio

6p30 HauiJiH npHAieHy He cauvio y npHAieibeHoj eJieKTpoxeMHjH Beh h /xpyrHM 06-

JiacTHMa HayKe h TexHOJioraje Kao ceH3opH, ejieiopoHCKe komiiohchtc, Meivi6pane,

peryjiaujiOHH chctcmh h AP-

m-1. HHBEP3HH nPOBJIEM XEMHJCKE KHHETHKE

H. TyTiwaH

npupogHo-MauieMauiuHKU (paxyAuieui, Kpaiyjeeau

HHBep3HH npo6jieiw xeMHjcKe khhcthkc je peKOHCTpyKDjija ynyrme (oa

BpeMena He3aBHCHe) crexHOiweTpHje y jeflHOM 3aTBopeHOM CHCxeaiy, H3 no3HaBaH>a

KHHeTHKe cbhx ejieMeHTapHHx peanuHja Koje ce y obom cHcreiwy oflHrpaBajy.

IIoKa3ahe ce Aa OBaj npo6jieM y onurreM cjiynajy iraje peujHB. Oapel)eHH cy

ycjiOBH nc-A KojHMa ce xeMHjcKH npouec y nocAiaTpaHOM CHcre.My A\o>Ke upH-

i<a3aTH jeflHOM crexHOMeTpHjcKOM jeflHa^HHOM, nao h ycjiOBH nog KojHMa yicynna

crexHOMeTpHja He 3aBHCH oa KOHcraHTH 6p3HHe ejieMeHTapHHx peaxinija.

m-2. KHHETHKA JEflHE BAPHJAHTE PEAKUJiJE

EJEJIOYCOBA — )KABOTHHCKOrA

M. ByKHheBHb h H. TyTMaH

IJpupogHO-MauieMauiuuKU 4>aKyjtuieiu, Kpaiyjeeau,

HcnHTHBaHa je khhcthio jeflne BapHjaHTe ocuHJiaTopHe peaKiuije Bjejio-

ycoBa-^(a6oTHHCKora: OKCHAauHja jiHMyHCKe KHcejiHHe 6pojwaTOM y cMeum (J)oc-

(popne KHcejiHHe h BOfle, KaTajiH30BaHO Mn2+ joHOBHMa. npoy^en je yrauaj

ochobhhx KHHeTH«JKHX napaMeTapa (TCMnepaType, ncweTHHX KOHueHTpaipija peaK-

TaHaTa, McxaroiMKHX cpantopa h cji.) Ha tok one peaKunje.
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m-3. KHHETHKA AACOPnitflOHO-J^ECOPnHHOHHX PEAKHHJA HA

XETEPOrEHHM nOBPIHHHAMA

B. ^OHAyp, R. <I>HftJiep h R. ByuejiHh

Hncuiuuiyiu 3a oQiuSiy u <pu3UHKy xeMujy , Eeoipag u IJpupogHO-MaiueMaiuuHKU

fyaKymueiu, Eeoipag

y pajjy cy npaheHe peaionije aACopninije h aecoprapije BOfle Ha 3eojiHTy,

aKTHBHOM yrjby, cmiHKa rejiy h hckhm nopo3HHM ajiyiwocHJiHKaTHMa. KiraeTHKa

Aecopmmje je npaheHa HeH30TepMCKHM MeTOflajaa: DTG, EGA h DSC. YrBptjeHO

je fla THn eHepreTCKe xeTeporeHOCTH noBpniHHe OApeJjyje o6jihk raiKOBa y H30-

Tep.MCKHM h HerooTepMCKHM ycjiOBHMa paAa. IIpouecH aACopnunje h AecopmjHje

BOAe ca 3eojiHTa ce oflBHjajy no cjiokchom MexaHH3iwy. Koa apyrax nociwaTpaHHX

copoeHaTa je^aH crynaib OApetjyje KHHeTHKy. y cbhm cjiyMajeBHJwa KHHeTHMna

napajweTpH eHepraje aKTHBaunje (£) h npefleKcnoHeHujnjajiHH (JjaicropH 3aBHce

oa creneHa noKpHBeHOCTH (8). floonjeHO je Aoopo cjiaraibe H3MeI)y H3paMyHaTHX

3aBHCHocTH £(0) h eKcnepHMeirrajiHO OApe^eHe Tonnore copnunje.

ffl-4. KHHETHKA D20—H20 H3MEHE HA 3EOJIHTHMA

P. CpejHfa, B. JloHffyp h JX. Byqejinh

Hncuiuuiyiu 3a ouutiuy u <pu3um<y xeMujy, Eeoipag u npupogm-MatueMaiumKU

(paKyjiiueiu, Eeoipag

nocTaBJbeHa je HOBa NMR iweroAa 3a Mepen>e khhcthkc npoqeca Kojn

ce OABHjajy H3Mef)y Asa pejiaKcannoHe 4>a3e ca pa3JiHMHTHM jiOHXHTyflHHajiHHM

pejiaKcauHOHHM BpeMeHHMa (Ti). MeTOAa je npHMeiteHa 3a npahe&e H30ToncKe

H3MeHe cop6oBaHe boac Ha 3eo.iHTHMa THna A. npouec H30Tonci<e H3iweHe D2O—

H2O ce OABuja y TpH CTyraia. nonyBpeivie peaKnnje y npBOM cryn&y je 60 s;

3a Apyrn crynaib 5 mhh je KapaKTepHCTHHHo, y TpeheM crymby je npeKO 10 mhh.

KoHcraHTa 6p3HHe Morjia je 6hth OApeJ)eHa caiwo 3a Tpehn npouec h npeAcraBjba

CJio>KeHy (J)yHKUHjy TeAinepaType, BpcTe 3eojiHTa h KaTjoHa.

m-5. MEXAHH3AM BP30r nPOHECA JOHCKE H3MEHE HA 3EOJIHTy

THnA Y

B. AAHa^eBHb, P. JjHMHTpHjeBHh, B. MhomhhobhH

Hhciuuuiyui 3a ouuivuy u (piauuxy xeMujy, Eeoipag u npupoguo-MaiueMauiuHKU

(paxyAiueui , Eeoipag

HaljeH je nocrynaK 3a 6p3y h noTnyHy KaTjoHCKy H3MeHy Ha 3eojiHTy THna

Y. Ha ocHOBy pe3yjnaTa: AH(})paKiuije X 3pana, HHh DTA KOHcraTOBaHe cy
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crpyKrypHe (npepacnoflena Kai-joHa, H3MeHa ejieMeirrapHe hejmje) h 4>h3iwko-

xeivuijcKe npoMeHe. OapetjeHH cy TepMOflHHajvuniKH h khhcthmkh napajweTpH y

oaroBapajyhHM craflHjyMHMa joHOH3MeH,HBaMKor nponeca. nocraaibeH je h ahc-

KyTOBaH MOAeji nponeca 6p3e joHCKe H3MeHe Ha 3eojiHTy rana Y.

m-6. MEXAHH3AM KPHCTAJIH3AIJHJE MOJtH<J>HKOBAHOr

3EOJIHTA NaA

3. 4>HJIHnOBHh H E. AflHaljCBHh

Hucuiuiuyiu 3a ouuiiuy u ijnauuKy xeiwujy, Eeoipag u IJpupogHo-MaiueMauiuuKU

(paxyjiuieui, Eeoipag

H3ywaBaH je MexaHH3aM KpHCTajiH3anHje MOAHcpHKOBaHor 3eojmTa KojH

cjiyjKH Kao 3aMeHa NaTPP y aeTepreHTHMa. IIpaheHe cy xewnjcKe h cipyKTypHe

npoiweHe y MararaoM pacrBopy h HaTpHjyM-ajryMOCHJiHKaTHOM rejiy y TOKy npo

neca KpHCTajnraanHje fleTeprenrcKor 3eojnrra NaA — peinireHCKOM ,m«ppaKnHjoM

DSC, HIJ, NMR-MeroflaMa. YxBpljeHH cy khhcthmkh napajweTpn nponeca Kpn-

CTajiH3aiHije neTeprem-cKor 3eojnrra NaA h H>aroBa aKTHBanHOHa eHepraja ny-

KJieainije h pacra 3pHa. npeTnocraBJbeH je Moneji y Ko*ie rjiaBHy yjiory y jwe-

xaHH3M.y KpHCTajiH3auHje HMa Na-joH.

III-7. MEXAHH3AM KPHCTAJIH3AIJHJE 3EOJIHTA THI1A NaY

B. PaKHb h E. AflHal)eBuh

Hnciuuiuyui 3a ouuiiuy u <jni3uiKy xeMujy, Eeoipag u npupogno-Maiu.eMauiuv.Ku

tpaKyAuieui, Eeoipag

HcnHTHBaH je MexaHH3aM KpHcrajiH3aimje 3eojiHTa NaY. YTBpIjeHa je

3aBHCHOCT H3iwel)y BeraraHHe flHjaAieTpa r:io6yjie anHKarae KOMnoHeHTe h HaiHHa

KpHcrajiH3aipije 3eojnrra rana Y. OnpeljeHH cy cpH3HMKO-xeMHjcKH napaMeTpn

(aKTHBauHOHa eHepraja, TeiwnepaTypa, BpeMe KpHCTajiH3auHje, KOHneHrpanHja h

cpa3Mepa KoivuioHeHaTa) 3a pa3JMMHTe BejiiwHHe rjio6yjia. nocraBJbeH je iwoaeji

KpHCTajiH3auHje 3eojiHTa THna Y h Ha ocHOBy H>era o6pa3Jio>KeH MexaHH3ajw KpH-

crajiH3auHje 3eojiHTa THna Y.

ffl-8. METOJIA OflPE-BHBAIEA CnEUHOKMHE IIOBPIIIHHE yrJbE-

HHHHHX BJIAKAHA

C. MeHTyc h A. ByKOB

npupogHO-MaiueMauiuHKU (paxyAtueui, Eeoipag u Mncuiuuiyiu 3a uyKAeapne Hayrce

„Eopuc Kugpuu", Burma —Eeoipag

MexamwKe ocoSirae KOMno3HTHHX iwaTepnjajia Ha 6a3H yrjbeHHHHHX BJiaKaHa

3aBHce op, pa3BHjeHOCTH noBpuiHHe B^aKaHa. OnpeljHBaHie cnenH^H^He noBpuiHHe



C57

B.iaKaHa aflcopmmoHOM McroflOM 3axTeBa pejiaTHBHO KOMruiHKOBaHy TexHHKy.

y obom pa^y flaTe cy TeopnjcKe ochobc 6p3e h jeflHOcraBHe MeTOfle o;rper)HBaH>a

cneim4>H*iHe noBpuiHHe Koja ce 3acHHBa Ha ojrperjHBaity KanaiurreTa rpamiiHe

noBpuiHHe yrjbeHHMHO BJiaKHo/ejieKTpojnrr, Kao h npaKTH^HH peayjrcaTH Ha

yrjbeHHMHHM BJiaKHHMa npoH3BefleHHM y HBK Bmna.

m-9. HCIIHTHBAH>E HYKJIEAUHOHE CnOCOBHOCTH IIPOTHB-

ITAjmor PEArEHCA RTG-IO

C. B. MeHTyc

npupogno-MauieMauiuHKit (fraKyAuieui, Eeoipag

3axBajbyjyhH H3pa3HToj ciiocoGhocth flejioBaH>a Kao qemap HyKJieauHje

npexnarjeHe BoaeHe nape cpe6pojoAHfl ce mnpoKo npHAieftyje y npoTHBrpaflHoj

3auiTHTH Koa Hac h y cBeTy. PeareHC RTG-10 ce kor Hac ycnemHO npuMeayje

tokom nocrie,UH>e Tpn npoTHBrpaflHe ce30He. Hamm HcnHTHBaH>a iteroBor Hy-

KiieaHHOHor ^ejcrBa, pesyjrrara Mepe&a 3kthbhocth tokom BHiue iweceim Ha

—10° Kao h 3aBHCHOCT aKTHBHOCTH ofl TeMnepaType npmcasaHH cy y obom pafly.

in-10. MATEPHJAJI CJIH^AH AHTPAIJHTCKOM yrJBY y KACHOM

nPEKAMBPHjyMCKOM PO)KHAD,y

JL ilojlHHOB, H. 3. IlaBJlOBHh H II. H. IlpeMOBHfa

&uji030(j)CKU tpaKyniueiu, Hum

KacHH npeKaM6pHjyMCKH pwKHau. Paradise Creek cpopiwauHje (npH6;in>KHo

1,6-109 roflHHa crap, Queensland, AycrpajiHja) HMa H3y3eTH0 bhcok caap>Kaj

cnoH<eHHX apoMaTHMHHX napaMaraeTCKHX Bpcra cjio6oflHO-paaHKajicKor Kapaicrepa.

Bdhxobo npHcycTBO y obom ppnosmy je fl0Ka3 3a npncycrBO MaTepHjajia cjiHMHor

aHTpauHTCKOM yrjBy, yKa3yjyhH Ha MoryhHOcr nocrojaH>a hphmhthbhhx npoTo-

BacKyjiapHHx 6njbaKa 3a BpeMe paHor npoTepo30HKa y o6.nacTH Paradise Creek-a

y AycrpajmjH.

III-ll. BAHAUHjyM y IHKPHJLACTUM MOPCKHM CEflHMEHTHMA

LA LUNA MARA OOPMAUHJE H GRENZBITUMENZONE

M. C. IlaBnoBHh h II . H. IlpeMOBHh

<t>ujio30<p'cKu (fiaxyjiuieui , Hum

OapetjeH je caapnoj ynynHor BaHaflHjyA\a h BaHaflnna y jrpeBHHM uiKpn-

ibacTHM ceflHMeHTHMa (popMaunja La Luna Mara (Karaa Kpe^a, npH6ira>KHO
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1,6-K)8 roAHHa crap, MapaKaH6o, BeHeiryeJia) h CeprmaHO (cpean>H Tpnac,

npH6jm>KHo 2,0108 roaHHa cTap, Tessin, IIlBajaapcKa). Pe3yjiTaTH noKa3yjy

aa je cajvio aeo yxynHor BaHaanjyMa y o6jiHKy BaHaaHJia. Bhcok caap>«aj BaHa-

anjyjvia Ba3aH je 3a ByjiKaHCKO-ceaHMeHTHe npou,ece.

ffl-12. OA3HO CTAH>E COPBOBAHE BO^E HA nOP03HOM CTAKJIY

E. AfguflfewHk b JJ,. ByMejmh

Hucuiuiuyiu 3a ouiuiuy u <f>u3UHxy xeinujy, Eeoipag u TIpupogiw-MauieMaiuuHKu

cf/aKyjiuieCu, Eeoipag

IlyjiCHOM NMR-cneKTpocKonHjojw oaper)eHa cy BpeMeHa aiHH-pemeTKe

(Ti) h cnHH-cnHH (Tz) pejiaKcairnje h cneKTpH copGoBaHe BOfle npn pa3JTHmrrHivi

CTeneHHMa noKpHBeHocTH Ha nopo3HHM craKjiHMa ca aHjaivieTpOM nopa: 750,

220, 5000 h 10000 nm. Ha ocHOBy aooHBeHHx noaaTaKa H3BeaeHH cy 3aKJby*mH

o npHpoan copSoBaHe Boae Ha nopo3HOM craKJiy. no oboj' XHnoTe3H TaMKa Ton-

JbeH>a Boae Ha nopo3HOM craKJiy CHHH<eHa je 3a 60 K. OcoShhc pejiaKcauHOHHx

CHcreMa Mory ce oSjacHHTH nocrojaH»eM 6p3HX H3MeHa H3iwer)y flBe NMR (J)a3e.

IH-13. EHEPrETCKH BHJIAHC JOHCKO/MOJIEKYJICKHX PEAKHHJA

THnA 10/20 y MACEHOJ CnEKTPOMETPHJH

T. Act

TexHOAOiuKo-MeiuajiypvuKu $ar<yAuieui, Eeoipag

Johcko /MO-ienyjiCKe peanimje THna A++N-*A2++N+e-, rae je A+ moho-

aTOMHH joH o6pa30BaH y joHCKOM H3Bopy MaceHor cnercrpOMeTpa, a N aToiw hjih

MOJieKy.i cyaapHor raca (Hajyemhe a30T), npHMeaeHe cy 3a npoy^aBa&e asa-

AeceTaK ejieiweHaTa nepnoaHor cHCTeMa, yKJBy*ryjyhH njieMeHHTe racoBe, xanoreHe

ejiejweHTe, HeMeTajie h Meiajie. EHepreTCKH 6njiaHC obhx peaKiiHja OMoryhaBa

oaper)HBaH>e apyre joHH3airHOHe eHepraje 3a HcnHTHBaHy Bpcry; MerjyTHM, y

MHorHM ciy^ajeBHMa, KOHcraTOBaHo je TaKor/e rrpHcycTBO no6yl)eHHX ejieiapoHCKHx

cTaH>a joHa A+, Tano aa ce ropH>a peaKimja iwo>Ke kophcthth 3a oaperjHBaibe

eHepreTCKor npocpn.ia joHCKor 3paKa.

IH-14. HCTPA>KHBAH>E yCJIOBA 3A .HETEKUHjy yrJBEHHKOBHX

AlOJIEKYJIA H PAflHKAJTA y nJ!A3MH EJIERTPH^HOr JIYKA

J. Paanh-nepnh

npupogno-MaiueMaiuuHKU (pahyAuieui, Eeoipag

Jl3pa*iyHaTH cy napu,Hja;mH npHTHCHH pa3JiHMHTHx ynn>eHHKOBHx MOJieKyjia

H paaHKajia y Ba3ayuJHoj njia3MH y upwcycTBy 1 h 10% C, 3a TeivuiepaType oa

273 ao 6000 K. no.wohy obhx pe3yjiTaTa MO>Ke ce HHTepnpeTHpaTH MoryhHocr

aeTeKanje nojeanHHX Tpana (CN, C2, C3, ...) y rma3MH eJieKTpHMHor jryKa.
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m-15. YTHUAJ THnA AHTHOKCHflAHATA HA flErPAJJAUHjy H

CTAEHJIH3AUHJY OOPMYJIAUHJA CA nOJIHETHJIEHOM, HE03PA-

*IEHHX H 03PAHEHHX TAMA 3PAUHMA. I. TEPMAJ1HA AYTO-

OKCHJJAUHJA

O. Tan, Jb. HoBaKOBHh, B. MapKOBHh h V. T. Stannett

Ilncuiuiuyiu 3a nyK.iea.pne nayne „E. Kugpun", Bunua—Eeoipag u

North Carolina State University, Raleigh, USA

HcriHTHBaH je yrauaj rana aHTHOKCHflaHaia Ha TepMOOKCHflaraBHy craoHJi-

hoct no.iHeTHJieHa npH Te.wnepaTypaMa oko 200°. KopnuiheHa je H3arepMCKa

TG-MeTOfla MepeH>a, Koja OMoryhaBa nocMaTpaite h H3yqaBaH>e noje/iHHHX <pa3a

TepjwooKCHaaujHOHor nponeca. Ha ocHOBy KOMnapaTHBHHX Bpe/iHOCTH HHflyiajHO-

Hor BpeMeHa, 6p3HHe Be3HBaH>a KHceoHHKa h 6p3HHe aerpaaauHje jiHCKyTOBaHH

cy MexaHH3MH Tepiwajme OKCHflaiwje (bopivtyjiairHja no.iHeTHJieHa hhckc rycrHHe

ca aHTHOKCunaHTHMa pa3.i«qHTor THna („CKpHBeHn" (peHOJiH h opraHcna jeflHH>eH>a

ca caflp>KajeM cyjwnopa).

111-16. YTHUAJ THTIA AHTHOKCHflAHATA HA JJ,ErPAJJAUHjy H

CTAEHJIH3AUHJY OOPMYJIAUHJA CA nOJIHETHJIEHOM. II. PAJJ,H-

JAUHOHO YMPE^KABAHbE

O. Ta.1, B. MapKOBHh, Jb. HoBaKOBHh h V. T. Stannett

IlHciuuiuyiu 3a nyK.ieapue nayxe „E. Kugpun", Bunua—Eeoipag u

North Carolina State University, Raleigh, USA

3a ouen>HBaK.e Bpc^iiociH aHTHOKCHflaHaia y cbopMy.iauHjaMa noje ce noa-

BpraBajy pa;iHjanHOiio.\i y.wpe>KaBaH>y Tpe6a y3CTH y oo3Hp h h>hxobo hhxh6h-

TopcKO ^ejcTBO. Y obo.m pa;ry H3yiaBaH je ecpeKaT ycnopaBaH>a paflHjanHOHor

yMpe>KaBaH>a 36or npncycrBa aHTHOKCHflaHaTa y cpopMyvianjijaMa ca flBa pa3JiH-

MHTa THna airrHOKCHaaiiaTa („cKpHBeHH" (Jjchojih h opraHCKa je/iHH>eH>a ca caap-

>KajeM cy.Mnopa) 03paMHBaHHAV raiwa 3pauHMa Ko6a;iTa —60 ao 303a ofl oko 300 kGy.

m-17. JtEJCTBO 3PAMEIEA HA JIHHEAPHH nOJIHETHJIEH HHCKE

tycthhe upoh3bej;eh nojj, hhckhm uphthckom

B. MapKOBHh, A. IUa4>paH>, JJ,. Ea6nh h Jb. HoBaKOBHh

lincxuiiuLyuX 3a nyKJieapne uayxe „Eopuc Kugpim", Buma—Eeoipag

He^aBHO je pa3BHjeH nocrynaK ,3a npoH3BOflH»y nojineTHJieHa HHCKe ry-

CTHHe II0a HHCKHM IipHTHCKOM (NPPENG). TaKO A06njCH IIOJIHeTHJieH HMa MHoro
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6ojbe MexaHHMKe oco6hhc Hero craHflapflHH nojiHemneH hhckc rycrHHe .aoonjeH

nOA BHCOKHM npHTHCKOM. (VPPENG). OBO npOH3HJia3H H3 pa3JIHMHTe MOJie-

KyjicKe crpyKType, 3a Kojy je KapaKTepHcntMHO o;icycTBO flyrax rpaHa. Ujub

OBor pa^a je ;ja nonage yTHuaj 3paneH»a Ha OBe MaTepnjajie. Te.T KpHBe cy ojj,-

per)eHe 3a flBa iwaTepnjajia ca paarnraHTHM KpaTKHM rpaHaiwa h pacnoaejioiw mo-

jieKyjiCKHX Te>KHHa. MepeHe cy h TepiwiraKe h BHCKoejiacTHMHe ocoonHe y ihh-

POkom oncery ancop6oBaHHX A03a.

111-18. KATAJIHTHHKA OKCHJIAUHJA S02

y PACTOnJLEHHM COJIHMA

M. B. IIIyujHh, C. B. Menryc h M. M. JI,oj«iHHOBHh

npupogno-MauieMauiuHKU (paxyjiiueiu, Eeoipag u Muciuuiuyw. 3a xe/nujy, utexHO.w-

iujy u MeuiaAypiujy, Eeoipag

HcimTHBaHa je oKCHflaunja SO2 y pacroiui>eHoj cMecn ajiKajiHHX cyjicpaTa

y3 flOflaTaK jeAHH>eH>a KaTajiHTHHKH aKTHBHHX iweTajia. KaTajiHTHMKa aKTHBHoer

je KOHcraTOBaHa kojx aoaaTKa V2O3, Fe203, FeS04, CUSO4, M11SO4, CrC>3,

Tj. flOflaTKOM KaTjoHa npoivieHJbHBe BajieHue, a HHje KOHcraTOBaHa koa ^oflaTKa

Al2(S04)3- Ha ocHOBy Tora je npeaJioweH MexamwaM KaTa."iH3e Kao okciuo-

peayKiuiOHor npoijeca y cjtcwkchom peaonc CHcreiviy.

111-19. JI,ErPAJIAUHJA KATAJIH3ATOPA Y nPOUECY BHCOKOTEM-

nEPATYPHE KOHBEP3HJE HtDKHX yrJbOBOflOHHKA

H. H. JoBaHOBHh, JI. T. Bajraih h B. M. CTaHKOBHh

HHciuuiuyiu 3a xeMujy, iuexHOAoiujy u MeuiaAypiujy, Eeoipag

H3BpuieHa cy ynopeMHa HcnHTHBaita CBojcraBa HeynoTpeSjbaBaHHX h noT-

rryHO fleaKTHBHpaHHX y3opaKa KaTajiH3aropa, npHMen>eHHX y HH^rycrpHjcKOM

npoijecy BHCOKOTejvmepaTypHe KOHBep3Hje hh>khx yrjbOBOflOHHKa, nao h ysopaKa

KaTajiH3aTopa H3Jio>KeHHX y6p3aHOM CTapeity y jiaGopaTopHjcKHiw ycjiOBHjwa. yc-

TaHOBJbeHO je aa Tajio>KeH>e yrjbeHHKa Ha noBpuiHHH KaTajiH3aTopa, flerpaaaimja

nop03He crpyKType nao h CMaH>eH>e KOHiieHTpairHje aKTHBHe KOMnoHeHTe yc.ie^

iteHor MefjyziejcTBa ca Hoca^eM aonpHHOCH ;ieaKTHBairHjH K3TajiH3aTopa.

111-20. UPBEHH MyjB KAO KATAJIH3ATOP 3A JIHKBEOAKIIHjy

yrjbA

B. P. AneKcnh, B. J\. AneKCHh, B. MapicosHh h B. KocaHHh

Huciuuiuyui 3a xeinujy, mexHonoiujy u MeuiaAypiujy, Eeoipag

y irHJby HcriHTHBaH>a MoryhHOCTH 3aiweHe Ko6ajiT- hjih HHKJi-MOJiHSfleHCKiix

KaTajiH3aTopa AOMahHM 11 eKOHOMHMHHjHM KaTanH3aTopHMa, npHKynjbeHH cy
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Y3opuH upBeHor Myjba hs cbhx Haumx Behm Hajia3Hmra. YnopeljeHH cy h>hxobh

Xe.MH)CKH H (pa3HH CaCTOBH KaO H TepMH)CKO rmmmmt* y pa3JIHMHTHM CpeAHHaAia

oa 3Hanaja 3a KaTa^HTHMKy xiyn>oreHH3aimjy. 3anoieT je paa Ha H3Hana>KeH>y

o^roBapajyhHx ycjiOBa 3a npHMeHy upBeHor Myjba Kao KaTanH3aTopa 3a XHflpo-

reHH3auHjy Haiuer yrji>a y crauHOHapHOM peaicropy.

IU-21. ynOPEjmA HCIIHTHBAHjA nPHPOAHHX MATHETHTA KAO

OCHOBE KATAJIH3ATOPA 3A CHHTE3Y AMOHHJAKA II. OCOBHHE

MAIHETHTA H3 HAJIA3HIUTA HA KOnAOHHKY

B. AneKCHh, M. TpyjHh, B. Kocank h C. HbkobhK

Hncuiuuiyiu 3a xeiuujy, iuexHonoiujy u MeiuaAypiujy, Eeoipag u Pygnuuju Maj-

gaHuex, Majgauuex

y OKBHpy HdiHTHBaH>a ocoSHHa floiwahnx h HHOcrparorx MTrHenrra, aHanH-

3HpaHH cy y3opuH H3 Hajia3HuiTa na KonaoHHKy. HacraBJbeHa cy h ynopeflHa

HcnHTHBaiba ocooHHa iwarneTHTa H3 MajaamieKa h HHocrpaHHX y3opaKa (IUBeacKa,

CCCP). Jlfi&KBtmi pe3yjrraTH noTBpt)yjy pamijH 3aKJi>yiaK o MoryhHocrH ko-

pHiuheH>a HaiiiHx iwarHeTHTa Kao ochobc 3a H3paay KaTajiH3aTopa 3a CHirre3y

aMOHMjana.

IH-22. YTHUAJ HA*«iHA HPHIIPEMAIfcA H nOPEKJIA HOCAMA HA

AKTHBHOCT H CEJIEKTHBHOCT KATAJIH3ATOPA THIIA Fe/MgO

3A OHUIEP-TPOnniOBy CHHTE3Y

n. nytaHOB, E. Khiii h T. BouikobhH

TexHO/ioiuKU tpoKyAiueui, Hoeu Cog

npHnpenuBena cy TpH KaTajiH3aTopa ,3a ^Hiuep-TponmoBy cHHTe3y Tinia

Fe/MgO ca iiph6jih>kho 10 Mac.% raoKlJa. Y 3aBHCHocrH ofl HaMHHa npHnpe-

Maita h nopeKJia Hoca^a, MeTOflaMa flHcppaKunje X-3pana, CKeHHpajyher ejieK-

TpOHCKor MHKpocKona h HHCKOTeMnepaTypHe aacopimnje a30Ta, 3ana>KeHe cy

3Ha*iajHe pa3JiHKe y CTpymypH h TeKcrypH Hoca^a. Hacrajie pa3jiHKe 6htho cy

ynmajie h Ha KaTajnrrHiKe oco6HHe CHCTeiwa, uito ce MaHH(pecroBajio pa3^H-

ihtom aKTHBHouihy h cejieKTHBHOiiihy . TacHO xpoiwaTorpacpcKOM MeTOflOM pera-

crpoBaHH cy pa3JiH^HTH hh>kh yrjbOBOflOHHUH. Akthbhoct KaTajiH3aTopa HcnHTaHa

je y flH(J)epeHUHjajiHOM peaKTopy ca imeajiHHM MeiuaH>eM y npH6jnoKHo HH^y-

CTpHjCKHM yCJIOBHAia.
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111-23. AJU1JAEATCKH ,HH<I>EPEHUHJAJIHH CKAHHPAjy-RH MHKPO-

KAJIOPHMETAP

JL Kapayjiuh, B. Bywcrmh h JJ. Bv^e.iHh

HHCuUriuyiu 3a outuuiy u (j>U3UHKy xeuujy, Eeoipag u npupogHO-Maiue.\raiuuHKu

KoHcrpyHcaH je hobh moacji aAnja6aTCKor An4)ePeniiHia:iHor cnaHHpajyher

KanopHMeTpa, npHJiaroljeHor 3a HcnHTHBaifee 6ho;iolijkhx CHereMa. KajiopwweTap

paflH y KoiviSHHaimjH HeH30TepMCKHX h aflHa6aTCKHX ycjiOBa. "RejiHje y KojHMa

ce OAnrpaBa peaKimja Ha;ia3e ce y HeH30TepMCKHM ycjiOBHMa. 3auiTHheHe cy

oa aiviGHjeHTHe TeiwnepaType ca Tpn aflHa6aTCKa umrra, noja noiwohy cieicrpoHCKC

KOHTpojie OMoryhaBajy nocrenenH npejia3 oa TeiwnepaType hejinje ao co6He reM-

nepaType. KoHcrpyKimja OMoryhaBa npaheite toii.-iothhx ecJ)ei<aTa 6Hono;iHMepa

y TeMnepaTypcKOM HHTepBaiiy oa (273—403)K; y3 paBHO.wepHO 3arpeBaH>e, 6p-

3HHaiwa oa 0,1;,0,2 I h 2 K/mhh. 3aripeMHHa MepHe he.mje ojx 0,2—0,6 cm3,

iijto HHje yoonwajeHO 3a craHAapAHe cHcreMe. OBa 3anpeMHHa OMoryhaBa peni-

crpoBaibe KajiopniHHx ecJjeKaTa pe^a Bejiu^HHe 1-10 7 J.

111-24. OA3HH nPEJIA3H BOJXE y rPAHIWHHM OA3A.MA

B. Byie.iHh ii JX. By^e.inh

Hucuiuuiyiu 3a outuuiy u <pu3um<y xeuujy, Eeoipag

Ha ocHOBy NMR h DSC HcnHTHBaita yTBpl)eHO jc Aa ce Tanna Torm>eH>a

h TaMKa KJBynaH>a y rpaHHMHHM cpa3aMa noiviepajy 3a 40—60 K, y OAHOcy Ha oa-

roBapajyhe npejia3e y c.ioooAnoj boah. ITo npaBH.iy OBaj npe.ia3 OAioBapa tpa3-

hhm npeJia3HMa apyror peaa, AH= 0. Ha ocHOBy KoonepaTHBHHX (}>eHOMeHa

nocrraBJbeHa je xHnoTe3a o >iexaHH3My cpa3HHX npe.ia3a BOAe y rpaHHHHH.M (})a3aMa .

HI-25. BHCOKOTEMnEPATYPCKE <t>A3HE TPAHCOOPMAUHJE 3EO-

JIHTA THnA A h Y

JS,. ApaH^enoBHh, B. AAHaljeBHh, JL Byqe.mh h B. JJoHAyp

Ihicuiuiuyiu 3a ouutiuy u ipu3UHKy xeMujy, Eeoipag u npupoguo-MomexiamuHKU

tpoKyAuLeiu, Eeoipag

HcnmaHa cy BHCOKOTeMnepaTypcKe (1080—1480) K (})a3He TpaHccpopMaiuije

3eojmTa NaA, LiA h MgY. KoHCiaTOBaHO je Aa AOJia3H ao <pa3HHx TpaHctpop-

MauHja NaA h LiA y crpyKType cjihmhc KapHerHTCKHM a Aa ce MgY TpaHccpop-

Minoe y KopAHjepHT. PeHAreHCKHM, DTA h HD, — MepeH,HAia npaheHa je kh-

ncTHKa (pa3HHX TpaHC(popjttaujnja 3eoJiHTa NaA, LiA h MgY h oApeljeHH cy oc-

hobhh KHHeTHMKH h eHepreTCKH napaMetpH. Ha ocHOBy h>hx npeTnocraBJBeH

je MexanH3aM (pa3He xpaHC(popMauHje.
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m-26. HJJEHTHOHKAHHJA MEJIAHHHA DSC METOJJ,OM

P. BoHa, E. ChmohobhH, B. BynejiHh, J. XpaHHcaBJteBHh,

T. Wilczok h fl. ByyejiHh

Hnciuuuiyiu 3a ouiuuiy u <j>u3um<y xeiunjy, Eeoipag, I7pupogno-MauieMauiuHKU

tpaKyA&eui, Eeoipag u Hncuiuuiyui 3a (jnuuKy u xeMujy, Sosnowiec, IJoMKa

H3BpuieHa je Tepinajma aHajiraa MejiaHHHa pa3jnrarror nopeKJia. Hciihth-

Bami cy npHpoflHH Me.iaHHHH (aoCnjeHH H3 Kope GaHaHe, noce, roBet)er ona)

KaO H MeJiaHHHH flOOHjeHH CHHTeTHMKHM IiyTeM (ayTOOKCHflaUH)OM HJIH CH3HMCKOM

KaTajiH30M H3: THpo3HHa, DOPA-e, KaTexojia, rapaMHHa h eromecppHHa). Y

o6jiacrH 223—473 K flOJia3H no nojaBe KapaKTepHCTHMHHX eiiaoTepMHHx nHKOBa

KOfl cbhx iweJiaHHHa. Ha ocHOBy H>HxoBor oSjiHKa h HHTeH3HTeTa Mory ce HfleH-

TH4>HKOBaTH pa3JiHMHTe Bpcre MejiaHHHa.

111-27. TEPMAJIHA PEJIAKCAUHJA MEJIAHHHA

P. EoHa, B. CHMOHOBHh, B. Byyeimh, J. XpaHHcaBJbeBHh, T. Wilczok h

JJ,. ByuejiHh

Mncuiuuiyw. 3a ouwiuy u tpmuHxy xeMujy, Eeoipag, npupogno-MaiiieMauiuHKU

ipaKyAtueui, Eeoipag u Hncuiuuiyui 3a ^U3uny u xeMujy, Sosnowiec, Ilo/bcxa

TepMorpaMH MejiaHHHa ao6HjeHH DSC mcto/jom noKa3yjy cneinwpHMHe

TonjioTHe ecpeicre y TeMnepaxypcKOM Hm-epBajiy 323—353 K. HaljeHO je aa cy

obh ecpeKTH peBep3H6HJiHH h aa npn tom HjHxob HHTeH3HTCT noKa3yje Bpe«eHCKy

3aBHCHocr, uiTo yKa3yje Ha (JteHOMeH xepMajme pejiaKcaunje. HcraiTHBaHa je

BpeflieHcna 3aBHCHocr TepMajme pejiaKcannje MejiaHHHa y TeMnepaTypcnoM hh-

TepBajiy 323—353 K. y cjiy^iajy MejiaHHHa H3 Hope 6aHaHe MancHMajiHa peJiaK-

cainija nocrHwe ce HaKOH 20 nacoBa crajaH>a Ha co6hoj TeMnepaTypn. npemo-

craBJbeHO je fla obh etpeKTH nora^y on npoMeHe npocropHor pacnope.ua yHyrap

MejiaHHHCKHX ManpoMOJieKyjia.

111-28. JEJJAH HOBH HAHHH PAMyHABbA BHEPAHHOHO-POTAHHO-

HHX EHEPrHJA y TPOATOMCKHM MOJIEKyjIHMA

M. Mjia«eHOBHfe h M. nepnh

npupogHO-MaiueMaiuuHKU tpaKyAtueiu, Eeoipag

H3BeaeH je hobh o6jihk BH6paiHK)HO-poTaHHOHor xaMHjrroHHjaHa 3a Tpo-

aTOMCKe MOjieKyjie, norojjaH, nopea ocrajior, 3a TpeTHpaH>e peaKimja HSOMepH-

3anHje. Pa3BHjeHa je MeTOJja 3a pavyHaite eHepreTCKHX HHBoa 3a caBHjajyhe

BHOpauHje BejoiKHX aMnjnrryaa. IIocTynaK 6a3Hpa Ha pa3B0jy onepaTopa KHHe-

TH«D<e h noTeHHHjajme eHepraje, nao h Tajiaouoc cpyHKipija, y Fourier-oBe peaoBe.
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111-29. TEOPHJCKO nPEJ],BH'BAH>E CTPYKTyPE EJIEKTPOHCKOr

CnEKTPA HNO+

M. IlepHh, J. <I>cj3o h M. MjiaaeHOBHh

TIpupoguo-MaiueMaiuuHKU <paxyAuieiu, Eeoipag

nocroje HHaHKaimje (Herzberg) aa 6h jeaaH HCHACimKpKKOBaHH CHcreM

Tpana Morao nonmaTH op, npejia3a H3Mer)y jibh uajmDKa cucKipoHCKa craH>a

HNO+ paflHKajia. JJji 6h ce npoBepana OBa xHnoTe3a, HSBpmeHO je ab initio

paqyHaH>e bhBpohckhx h poiauHOHHx HHBoa y 2n crafty HNO+. Pe3yjrraTH pa-

nyHa roBope y npmior noiweHyToj npeTnocraBim.

111-30. PAHYHAIBE KOHCTAHTE BP3HHE 3A PEAKUHJY HNC;rHCN

AB INITIO METOflOM

M. Mjia/jeHOBHh h M. IlepHh

IIpupogno-MauieMaiuuHKu $axyAuieui, Eeoipag

IIpHMjeHOM ab initio (SCF h CI) Merofle aooHBeHa je noreHijHjajiCKa

noBpuiHHa 3a peaKUHjy H30MepH3aiiHje HNCzrHCN. HspatryHara cy BH6pa-

UHOHO-poraijHOHH eHepreTCKH hhboh h Ha ocHOBy Tora, y OKBHpy RRKM Teopnje,

ao6HBeHe BpeaHocrH KOHcraHTe 6p3HHe y 3aBncHoc™ op TesnnepaType h npH-

THCKa.

ffl-31. PEJIAKCAUHOHH IIPOIJECH XHJIPHJIA VI rPYIIE

III. C. MHJtaHHh

Muciuuiuyiu 3a nyKneapne nayne „Eopuc Kugpun", Buma—Eeoipag

EKcnepHMeHTajrao h TeopnjcKH je H3yMaBaH yTHuaj oco6HHa MOJienyjia Ha

BHSpaimoHO-TpaHCJiaoHOHO, poTauHOHH, (V—T, R) rrpeHoc eHeprnje ko^ xh-

apnfla VI rpyne. BepoBaraohe npeHOca cy iwepeHe Merofloiw jiacepcKH no6yr)eHe

BH6pauH0He (pjryopecueHimje h ynoperjHBaHe ca BpeflHocraAia j;o6HjeHHM TeopHj-

ckhm H3paMyHaBaH>HAia. KopnuiheHa je jeflHa nojiyKJiaaraHa TeopHja moah4>h-

KOBana 3a OBe CBpxe. OiaraH>e H3Mer)y eKcnepHMeHrajiHHx h panyHarax Bpea-

hocth je Bpjio AoGpo.
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m-32. „PA3JIHKA EJIEKTPOHCKHX PACriO,HEJIA" BITBEHA KAO

JXHTHTAJIHH OHJITAP

R. rojio6o^aHHH5 O. HeuiKOBHh, M. ManeTHh, M. BeJBKOBHh h K. C>. 3m6ob

Mmmuiuyw. 3a nyKAeapne Hayne „Eopuc Kugpwi", Buhhu—Eeoipag

TecrHpaHH cy mcto^ pa3jmi<e eneKTpoHCKHX pacnoaejia (EDD) h npoue-

flypa HHBep3He KOHBOJiyunje Oorra h IlacKajia (VP) h HaljeHO je fla OTKJiaH>ajy

ecpeicre BHCOKoeHepreTCKor pena MaKCB&JioBor umpeHia eHeprercKe pacnofle^e

ejiempoHa. IloKa3aHO je ^a cy EDD h VP MeTOfle, uiHpOKO npHMeH>eHe y jwa-

ceHoj cneicrpoMeTpHjH y CTBapH jeflHane jeflHoiw flHrerrajiHOM (pHjnpy, qaK ymty-

^yjyhH h ecpercre KpajeBa.

ni-33. HEKOHBOJIYIJHJA KPHBHX JOHH3AimOHE EOHKACHOCTH

PEUIABAH>EM CHCTEMA JIHHEAPHHX JEJJHAHHHA

J. HoMop, J\. rojio6ouaHHH, M. MhjicthK h K. 3m6ob

Hncuiuuiyui 3a HyK/ieapne nayxe „Eopuc Kugpun", Birnna—Eeoipag

PaaBHjeHa je jweTOAa aeKOHBOJiyinije kphbhx ecpHKacHOCTH joHH3auHje.

yMHH>eHe cy flBe anpoKCHiwaimje: I. ynarpe6jbeHa je jeflHa flHCKperaa Maxwell-

-OBCKa (pyHKunja pacnoflejie eJieicrpoHa; 2. IIpeTnocTaBJBeHo je, fla je KpHBa

ec})HKacHOCTH joHH3aqHje BaH HHTepBana Mepe&a JiHHeapHa. Taaa je Moryhe

nocraBHTH jejjaH peiiiHB cHcreiw jiHHeapHHx je^HaMHHa. 3a peiuaBaite CHcreivia

jeflHa^HHa (AHjvieH3Hja 512 x 512), npHMe&eH je Gauss-OB nocrynaK. MeTOfla aaje

;xo6pe pe3yjrraTe, na^a je oahoc CHTHaji/uiyM bhcok.

in-34. MATEMATH^O TJIEJIAIfcE MACEHOCnEKTPOMETPHJCKHX

nOflATAKA

O. HeniKOBHh, J\. rojio6o^aHHH, M. BejtKOBHh, M. MnjieTHh hK. 3m6ob

Mncuiuuiyiu 3a HyK/ieapne nayxe „Eopuc Kugpm", Buhhu—Eeoipag

TIoceSaH npoSneiw npH aHa;iH3H kphbhx joHH3auHOHe e(pHKacH0CTH *ihhh

3HaTaH uiyjw ca#p>KaH y kophchhm noaauHMa: noaauH joHH3auHOHe e(pHKacHocrH

MepeHH y nyjicHoj 6poja^Koj tcxhhhh, ^ecro noKa3yjy pacnnaH>e oa KaHa^a

AO KaHajia. MaTeMaTHmauw raatje&eM je Moryhe otkjiohhth HajBehn #eo pa-

CHnaH>a h OBaj paa je npHKa3 npHMeHe pa3JiiniHTHX Merofla KOHBOJiyimoHe Tex-

hhkc HeKe ofl thx iweTOfla cy ce nonasajie Kao flocra flo6pe, Te je AHCKy-roBaHa

npeflHocr npHMeHe H3rjialjeHHx no^aTaKa npH anxoBoj flajtoj aHajiH3H.
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m-35. KHHETHKA PA3JIArAH>A HHTEPMETAJIHJIA flOEHJEHHX KA-

TO.HHHM ,HEnOHOBAH>EM METAJIA H3 PACTOIIA COJIH

C. B. Memyc h M. B. lllyuinh

npupogHO-MameMoiuuHKu (paxyAuieui , Eeoipag

KojX KaTOAHor H3flBajaH>a nnnh-a n ojiOBa Ha roiaTHHCKOj ejieKTpoflH H3

pacrona cojih aojia3H no noBpiiiHHCKHx peaKHHja h rpaae ce HHTepMeTaima je-

flHfteaa, 36or yera ce H3flBojeHH Meran y aHOflHOM npouecy pacrBapa y BHiue

CTymbcea. KnHeTHKa pacrBapaiba je nooiarpaHa ca uh/lcm o6jaiim>cn»a npnpofle

HHTepivieTajiHHX peanuHja.

HI-36. KOMnJIEKCHH OTFLOP TPAHHUE MBPCTOr EJIEKTPOJIHTA

0,6AgJ 0,4Sb2S3 H YTJEEHMMHE EJIEKTPOflE

C. II. TajHHOB, C. B. Memyc h M. B. Illyuinh

npupogno-MaiueMauiuHKu cfiaxyAuieiu, Eeoipag

Mbpct ejieKTpojiHT cacraBa 0,6AgJ0,4Sb2S3 mwa cTaKJiacry crpyKTypy.

MepeHa je eneKTpH^Ha npoBOfljiHBOcT OBor ejieKTpojiHTa y (})opMH Ta6jiera ao6h-

jeHHX npecoBaibeiw cnpauieHor ejieKTpojiHTa h o6paAOM KoiwnaKTHe cTaKJiacre

Mace, y 06a cjiyqaja KopnuiheHe cy rpa<J)jiTHe ejieKTpoae. OGjihk AHjarpaj«a

KOMmieKCHor ornopa yKa3yje aa je y npBOM cjiyqajy HeMoryhe a y apyroivi mo-

ryhe 3aaoBOJbaBajyhe Ta^HO oapeAHTH KanauHieT flBojHor cnoja rpaHHue ejieK-

Tpofla/ejieKxpojiHT. ,D#cnep3Hja peajiHe KOMnoHeHTe KOimneKCHor OTnopa npH-

cyTHa je y 06a cjiyMaja y untaBOM paaHoiw oncery <})peKBeHHHja, 1—50 kHz.

m-37. EJIEKTPOXEMHJCKO IIOHAIIIAHbE KAHMHJYMA Y AJIKAJIHOJ

CPEJ1HHH

JX. JOBaHOBHh H 3. ^HMHTpHjeBHt

TexHOAOiuKO-MeuicuiypiUKU (paxyAiueui, Eeoipag, u HncuiuiuyuL 3a xeMujcxe useope

ciupyje, Eeoipag

HcnHTHBaHa je KaTOflHa h aHOflHa peanimja KaAJvmjyivia y pacTBopHMa na-

jiHjyMXHflpoKCHfla y oncery KOHueirrpauHje 1—7 mol dm-3 y3 aoflaTaK KannjyM-

Kap6oHaTa ao ynynHe KomjeHTpaimje KajiHjyjwa on 7 mol dm-3. HcnnTHBaH>a

cy nona3a^a na ce OBe peaKunje oflnrpaBajy npeno d^miMa cna6o pacrBopHHx

jeflHH>eH>a Koja ce djopivmpajy Ha noBpuiHHH ejieicrpofle, Ha ocHOBy Mera je npo-

flHCKyroBaH iworyhH MexamraaM peaKiuije. HalJeHO je fla je 3aBHCH0cr noTeH-

UHjajia aKTHBaunje KaaMHjyMa oa aKTHBHOcrn KajrajyiwowpoKCHfla y AoCpoj

carjiacHocTH ca TeopHjcKHM npeflBHtjaitHMa.



IV. AHAJIHTHHKA XEMHJA

CEKUHJCKO nPEflABAIfcE

IV-SP. THTPAUHJE y HEBOflEHHM PACTBOPHMA

T. riacrop

npupoguo-MauieMaiuuHKU <p~aKyjiweiu, Eeoipag

Ep3H pa3Boj xeiwuje, xeMiijcuc TexHonorHje, cpapMaueyTCKe HHAycTpnje h

npHpoAHHx Hayna yonuire H3HCKyjy HenpeKHflHH hhtch3Hbhh pa3Boj aHajiHTHMKe

xeMHje. y tom iutn>y H3Hajia3e ce HOBe, 6p3e h oceTJBHBe xeMHjcne, cpH3HMKO-

xeiymjcKe h (pH3HMKe mctoac aHajniaa. nocjieflH>Hx fleueHHja Harao cy ce pa3BH-

jaoie h Hauuie npHAieny h THTpauHOHe weTOfle Koje ce 3acHHBajy Ha peaKUHjajwa

y hcboachhm cpeflHHa/via, 3axBaibyjyhH 6ojboj pacrBopjiHBOCTH opraHCKHX jeflH-

ibeita y HeBOfleHHM pacTBapaMHAia Hero y boah, yrimajy pacTBapa^a Ha ocoShhc

h noHamaiie pacrBopeHHX cyncraHAH, na 6p3HHy xeMHjcKe peaKiuije h apyro.

Ohc oiworyhaBajy He caMo OApel)HBaH>e HHcrohe nojeflHHaqHHX cyncraHUH, Beh

h oflpefjHBaH>e KownoHeHaTa ciweuia KHce.nHHa, oahocho 6a3a, Koje cy y boah

rrpH6jiH>KHO Here ja*iHHe, anajiH3y CMema H30Mepa, jeAHH>eH>a Hcror xoMOJioror

BB3a ht,h. THMe ce h Mo»ce o6jacHHTH aa cy THTpaunje y hcboachhm cpeflHHaMa

nocjieaftHX roaHHa Haiujie npHMCHy He cajwo y HayMHO-HCTpa>KHBauKHM JiaGopa-

TopHjaMa, Beh ce npHMeH.yjy npw kohtpojih npoH3BOfla cpapMaueyTCKe HHflycrpHje,

3a oapel)HBaH>e KOiwnoHeHaTa npnpoflHHx npoH3BOfla h y apyraM o6jiacTHiwa.

IlapajiejiHO ca npHAieHOM hcboachhx pacrBapaMa y aHajiHTHm<oj xemHjii,

nao h y xeMHjH yonime, jaBJtajy ce HOBe Teopnje KHcejiHHa h 6a3a, HHTeH3HBHHje

ce Hcrorryjy yTHAajn ocoSHHa pacrBapa^a Ha noHauiaH>e pacrBopeHHX cyncraHHH

h oApel)yjy (})H3H*n<oxeMHjcKe KapaKiepHCTHKe pacrBopa. 3axBajbyjyhn Toiwe

flame cy Beh nocraBJbeHH TeopnjcKH ochobh KHcejraHCKo-6a3HHx THTpauHja y

HeBOfleHHM cpeflHHaMa, a y hckhm apyraM o6jiacrHMa Hcrpa>KHBaH>a, Kao Ha

npHMep npn peflOKC-THTpaunjaMa, BpuiH ce yrjiaBHOM caMO npHKynibaH>e no-

AaTaKa.

Unjb OBor H3JiaraH.a je fla npHKa>Ke TeopnjcKe ocHOBe THTpauHOHHX MeTOAa

y HaBeflCHHM pacTBapa^HMa. Pa3MaTpahe ce xeMHjcKe peaKUHje y HeBOAeHHM

cpeAHHaMa, yTHuaj npnpoAe pacTBapa^a Ha jaiuury ejieicrpojiHTa h OKCHAO-pe-

AyKUHOHe noTeHUHjajie pacrBopeHHX cyncraHAH, AHCpepeHUHpajyhe h HHBejiauHOHO

AejcrBO pacrBapaMa, h Apyro. EHhe yKpaTKO npHKa3aHe MoryhHOctH eJieKTpo-

xeMHjcKor flo6HBaH>a peareHaca h pa3Boj KyjioMeTpnjcKHX MeTOAa aHajiH3a y

HeBOAeHHM cpeAHHaMa. Ha npajy 6nhe roBopa o pa3Bojy MeTOAa 3a AeTeKAHjy

3aBpiune Tam<e, a npnnasahe ce yKpaxno h peayjiTara H<rrpa>KHBaH>a y oboj 06-

jiacrH y Hac.
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IV-1. .HB0OA3HH nyOEPCKH CHCTEMH KOJH CAJXP^KE TEUIKO

PACTBOPHY JlHITPOTHMHy KHCEJIHHY KAO J^Yry <£A3Y

T. J. JaftHh, JI. E. IIcpeHT h M. E. Ilacyjb

npupogHO-MaiueMauiuHKu (fraxyAuieui, Eeoipag u <t>apM<meyiucKu ^aKymueui,

Eeoipag

FIpoyMaBaHH cy ,aBocpa3HH nycpepcKH chctcmh KojH cy ce cacrojajiH oa

TeuiKo pacrBopHe flHnpoTHMHe KHcejiHue h lbenor 3acHheHor BoaeHor pacrBopa

(nycpepHcaHe cpa3e). AHajiorae aBOCpa3He nycpepe ca MOHonpoTHMHHjw KHce.iHHaMa

onncaJiH cmo paHHje1. TeopHjcKHM pa3MaTpaH>HMa yTBpl)eHO je fla KanauHTeT

HcnHTHBaHHX nycpepa aaBHCH oa pH-BpeflHocrH pacrBopa, pacrBopjbHBOCTH

KHCeJiHHe y bo,i;h h H>eHe jaMHHe. 3a nycpepe OBora THna KapaicrepHCTHMHO je

aa noKa3yjy y oApe^eHoj ycnoj pH-o6jiacTH Bpno bhcokh nycpepcKH KanauHreT

KojH je 3HaTHo Behn ofl nycpepcKor KanauHTeTa oflroBapajyhnx KJiacHMHHx iwo-

H(Mpa3HHX nycpepa. Ilopefl Tora, y pa^y je pa3MaTpaH h ecpeKaT pa36jiaH<eH>a

OBaKBHx nycpepa. OBa pa3MaTpaH>a eKcnepHjweHTajmo cy noTBpl)eHa npoyMaBaH»eM

MeTHpn nycpepcna CHcreMa nojH cy caapwaBajiH 1,2-, 1,3- h 1 ,4-6eH3en-AHKap-

6oHCKy KHcemcHy, o/jhocho 1 ,6-xeKcaH-flHKap6oHCKy KHcejiHHy.

IV-2. nPHMEHA „CEAE1iE" JKHBHHE EJIEKTPO.UE KO.H KOMIIJIEK-

COHOMETPHJCKHX nOTEHUHOMETPHJCKHX THTPAUHJA

E. By«iypoBHh h M. CTojaHOBHh

TexHonoiuKO- MemanyptuKU qbaxyAiueiu, Eeoipag

IIoTeHUHOMeTpHjcKa BapHjaHTa KOMnjieKCOHOMeTpHjcKe THTpaipije Hajia3H

unipoKy npHMeHy y caBpeiweHoj aHajiHraiKoj npancn, a noce6HO npmweHa >KHBe

Kao HHAHKaTopcKe ejieicrpofle, Koja 36or CBojnx oco6nHa oiworyhaBa oapel)H-

Ban>e Benra<or 6poja ejieiweHaTa. Y obom paay H3BpineHa cy HcnnTHBaifca npn-

MeHe ejieKTpoflHor cHCTeiwa „ce;;eha" Hg/3KE npH flHpeKTHoj THTpanHjH ca

EJI.TA jeflHO-, flBO- H TpO-KOMnOHeHTHHX CAieUia pa3JIHMHTHX jOHa. flpH TOMe,

HcnirraH je yTHHaj pH, KOHueHTpauHje h AOflaTKa >KHBa(II)-KOMnjieKCOHaTa,

Ha o6jihk THTpauHOHHx KpHBHX h TauHocx xio6HjeHHx pe3yjrraTa. Ochai Tora,

36or yo^eHor cnenncpiraHor noHauiaH>a ajryMHHHjyiwa h xpoiwa HcnHTaH je h>hxob

yrauaj Ha oflpefjHBaite jeflHO- h ABOKOiwnoHeHTHHX CHcreMa. iXoonjeHH pe3yjiTaTH

noKa3yjy fla ce ejieKipcyrHH cncreM „ceAeha" Hg/3KE iwo>Ke ycnenmo npiuvie-

HHTH 3a flHpeKTHy THTpaHHjy Ca EJJTA jeAHOKOAUIOHeHTHHX CHCTeMa, Kao H

AHCpepeHUHjajiHy THTpauHjy abo- h TpoKOMnoHeHTHHX CHcreMa. IIpH TOiwe, Ha-

I)eHo je aa npncycTBO a^yMHHHjyMa h xposia OMeTa oflpef)HBaH>e, a BpeflHocr

pH h KOHH,eHTpaHHja noKa3yjy 3HaTaH y-rHnaj Ha o6jihk THTpaimoHHX kphbhx

h Ta^Hocr Ao6njeHHx pe3yjrraTa.

•T. J. Ja&Hh, JI. E. II(l)eHT, M. B. Ilacyjb, Faochuk Xeu. gpyutiuta Eeoipag, 45, 443

(1980).
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IV-3. EHIIOTEHUHOMETPHJCKE THTPAUHJE PEflyKUHOHHX CYn-

CTAHUH MAHTAHOM(III) H MAHTAHOM(IV)

T. rlaCTOp H M. AHTOHHjeBHfa

npupogiw-MaiueMauiuHKU fyaKynuievu, Eeoipag u Texmmxu (paKyAuieiu, Eop

HcnHTaHH cy ycjioBH 3a npHnpeiwaiie craHflapAHHX pacrBopa AiaHraHa(III)

h MaHraHa(IV), Kao h h>hxobc cra6HJiHOCTH. THTpaunje rBO>K^a(II), OKcaJiaTa,

xeKcamijaHO(})epaTa(II), apceHa(III) h xHApoxHHOHa y npHcycrBy nojiapH30BaHHX

njiaTHHCXHx eneicrpoAa BpmeHe cy y pacrBopHMa cyjnnopHe h xnopoBOAOHimHe

KHcejiHHe. OKCHAamijy apceHa(III) c nojueHyTHM peareHCHMa KaTajiH30Bajm cmo

paCTBOpOM OCMHjyM(VIII)-OKCHfla. Ha peBep3H6HJUI0CT HCnHTHBaHHX peAOKC

napoBa y™*ie cacraB pacrBopa h HanoH 3a nojiapH3aiiHjy ejieKTpofla. MaHraH(IV)

y npHcycrBy x.TOpoBO/K>HHMHe KHcejiHHe ce peayKyje h 36or Tora o6pHyTe th-

Tpaimje y obom ochobhom e;ieKTpojiHTy HHcy BpmeHe. J],o6hbchh pe3yjiTaTH

Cy TaMHH H penpOAyKTHBHH.

IV-4. nPHJIOr nPHMEHH JOHOCEJIEKTHBHHX EJIEKTPOjlA

M. C. JoBaHOBiih, B. M. JoBaHOBHh h M. TiHKaHOBHh

Tex/toAouiKO-MeiUajiypiuKu <j)OKyAuieui, Eeoipag u MeiucuiypwKu tftaxyjiuieiu,

Tuiuoipag

Uh.t» HcnHTHBaH>a 6ho je #a ce H3Ha!)e HajnoBOJBHHjH ceH3op 3a Aoiviahy

BHiueHaMeHCKy joHoce^ei<THBHy ejieKTpofly GPE 201.801 y oflHocy Ha Ag+ Kao

npHMapHH joH. PaflH Tora, ynopeljeHo je noHamaH>e yB03He ceJieKTHBHe ejieKTpoae

ca MOHOKpHcrajiHHM Ag2S Kao ceH3opoM, ca GPE ejieKTpoflaivia aKTHBHpaHHM ceH-

3opcKHM npaxoBHMa CMema 6hjio Ag2S ca xajioreHHflHMa cpe6pa, 6hjio CAiema

AgzS ca cyn(pHAHMa apyrax TeuiKHx MeTajia. HcnHTHBa&a cy BpuieHa y pacTBo-

pHAia Ag+ joHa MHja ce pAg BpeflHOcr KpeTana 1 flo 8. IIoKa3ajio ce, fla koa

6hjio Koje joHocejieKTHBHe ejieKTpoae 3a cpeSpo, ejieKTponojiaiuija 3aBHCHocrH

ElpAg na pAg 0 npaKTHMHo 3aflOBOJi>aBa TeopnjcKy Bpcanocr ano ce i?Ag/Ag+

3aMeHH ca £Ag2S o63npoM aa je ob,hc, e.iei<TpoaKTHBHH MaTepnjaji HepacrBopHa

co cpeSpa Koja noKa3yje nojiynpoBOflHHHKe oco6hhc Tok 3aBHCHOcrn ElpAg

npeiwa bhuihm pAg BpeflHOCTHMa noKa3yje HarnS oa 6jiH3y 59 mV//>Ag jejuttwuH

Kojn je HeuiTO 6ojbh aKO cy Kao ceH3opn npHMeiteHH cyji(J)H,HHH npaxoBH yrp-

jbaHH y XHApocpo6H3HpaHy iwaTpnuy GPE ejieicrpofle, y o^Hocy Ha ceH3opcKH

MOHOKpHcran Ag2S. Monce ce 3ai<Ji>yMHTH, aa je AOMaha GPE joHocejieKTHBHa

ejieKTpoaa ca ceH30poM 3a cpeGpo, KOHKypenrHa yB03Hoj ejieKrpoflH.
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IV-5. EPOMH£HE JOH-CEJ1EKTHBHE EJIEKTPOJIE HA EA3H

METHJIMETAKPHJTATA

T. riacrop h K. KajiajgHCBCKH

IlpupogHO-MaiueMaiuuHKU <p~axyAiueui, Eeoipag u XeMujcKU (paxyAiueiu, Cxoujbe

H3paf)eHe cy 6poMHflHe joH-cejieKTHBHe ejieKxpo,ne Ha 6a3H MeTHJiMexa-

icpHJiara ca mbpcthm koht3ktom. Caapwaj cpe6po-6po.uHfla, o/jhocho cpeopc-

6poMH/ia h cpe6po-cy.ncpHaa y MeM6paHaiwa je 45—90%. Ornop ejieicrpofla ce

cMaayje ca noBehaiteM kojihmhhc cpe6po-6poMHfla, oahocho npH noBehaity

OAHOca cpe6po-cyjid)Hjia n cpe6po-6poMHfla y AieM6paHH ejieicrpojia. CHHMJBeHe

cy KajiH6pauHOHe i<pHBe ejieKTpofla y craH,aapjiHHM pacreopHMa KajmjyM-6poMHaa

npHnpeMJBeHHM y npHcycrBy 0,1 mol dm-3 Ka.iHjyM-HHTpaTa, o;rpel)eH je HepH-

ctobckh Harn6 KpHBHx, Kao h rpaHHue aeTeKUHje no IUPAC-y. 0,npe!)eH je

TaKo^e yTHuaj TeMnepaType Ha noTeHimjaji ejieicrpofla. HafjeHH cy KoedwuHjenTH

ceiieKTHBHOCTH eJieKTpona y npncycTBy cieaehnx HHTepcpepyjyhHX joHOBa: xjio-

piwa, xpoMaTa, xeKcauHjaHocpepaTa(II), h apceHaTa. Bpeiwe o/iroBapa ejieinpofla

je ofl HeKOJiHKO cenyHAH ,i;o 15 MHHyTa y 3aBHCHOcrii ojx cacraBa Mejw6paHe h

on KOHHempauHje ncnHTHBaHHX pacrBopa. npHnpeMJbCHHM ejieKTpoaaMa BpuicHe

cy h aHajiHTHMKa oapef)HBaH>a anpeKTHOM noTeHHHOMeTpHjcKOM mctoaom h iic-

TeHUHOMeTpHjCKOM THTpaiTHjOM. ITpiI TOMe flOOHBCHH cy flo6pH pe3y.TraTH.

IV-6. nPOUEHA ^.BEjy KHHETH^KHX METOJIA 3A (WETiHBAIbE

KPEATHHHHA y CEPyMy IIPHMEHOM ^EPHBATHBHE

CnEKTPOCKOnHJE

II. JOBHh

BojHOMeguufmcKa Axagenfuja, Eeoipag

nOCTOjH HeKOJiHKO p33JIHMHTHX (pOTOMeTpnjCKHX MeTOfla 3a Oflpet)HBaH»C

KpeaTHHHHa y cepyMy. BehHHa o/j h>hx ce 3acHHBa Ha 6ojeHoj peaKHHjH ca a:i-

KaJiHHM nHKpaTOM (Jaffe, 1886). Me!)yTHi\i, OBa peaKunja HHje noTnyHO cncuH-

(pHMHa h no3HaTe cy 6pojHe cyncxaHue npHcyTHe y cepyMy i<oje HHTepcpepnpajy

h noBehaBajy Hacrajiy 6ojy. HeKH ayTopn npenopyyyjy khhcth^ko o,npel)HBaH>e

3a npeBa3HJia>KeH>e OBor npo6jieMa. y obom pa/^y cy HcnnraHe ^Be khhcthmkc

MeTOAe 3a OApet}HBaH>e KpeaTHHHHa y cepyMy 6e3 npeTxoflne AenpoTerattoaHHje.

Ep3iiiia CTBapafta KpeaTHHHH-nHKpaTa y HcnHTHBaHHM y3opuHMa je npaheHa

CHHMaH>eM aepHBaTHBHHx cneKTapa (apyra h3bo/i), y TOKy 10 MHHyia oa no^eTKa

peaKunje. Ha Taj HaMHH je 6hjio Moryhe yo^HTH MaKCHMyMe, MHHHMyMe h npe-

BojHe TaMKe, Kojn o/iroBapajy HHrepcpepHpajyliHM cyncraHuaMa. Bnhe npoAHCKy-

TOBaHH pe3yjiTaTH KOMnaTaTHBHor oapel)HBaH.a KpeaTHHHHa y cepyMy noMohy

ABe KHHeTHMKe MeTOfle.



V. BHOXEMHJA

CEKUHJCKO nPEflABAH>E

V-SP. BHOJIOI1IKH AKTHBHA JEJXHIBEIfcA H3 MOPCKHX

OPrAHH3AMA

M. TaiuHh

IJpupogiio- MaiueMauiuHKu (fiaKyjiuieiu, Eeoipag

Tokom nocjieflibHX aeueHHja, HHTepec 3a (JyHflajvieHTajiHa HcrpajKHBaita

>KHBor CBeTa y iwopy Harjio je nopacrao, 3axBaJbyjyhH npBeHCTBeHo pa3Bojy

TexHHMKHx cpeAcraBa iijto oiwpryhyjy HenocpeflHo nocMaTpaite pa3Boja, yTBp-

tjuBasba pacnpocrpaiteHocTH h cHcreMaTCKO caKyiubaibe fle4)HHHcaHHx Bpcra.

XejvuijcKa h OHoxeiwHjcKa npoynaBaiba, Hapowro hh>khx (JjopMH iwopcKHx op-

raHmaMa, cy join HOBHjer aaTyjvia h ao ca#a cy creMeHa caMO ocHOBHa 3HaH>a

o 6hochhtc3h h (pyHKUHjH HeKHx Kjiaca opraHCKHx jeAHibeiba y MaiteM 6pojy

pejiaiHBHO npHcrynaqHHx opraHH3aMa.

Hauia BHuieroflHiiiH>a Hcrpa>KHBaH>a xeMHjcKor cacraBa opraHH3aj«a JanpaH-

CKor Mopa, o KojHAia Heivia npaKTH^HO HHKaKBHX xeMOTaKCOHOMCKHX noflaTaKa,

ycMepeHa cy Ha H30JioBaii.e h H,iieHTHcpHKaiuijy opraHCKHx jeflHiteifca KapaKTe-

pHCTHVHHX 3a HcnHTHBaHy Bpcry. IlapajiejiHO ca obhm, BpiueHa cy h 6HOxeMHjcKa

HcmiTHBaH>a chpobhx eKcrpaKaTa ca KOHa^HHM uHJteM yTBpr)HBaH>a HOCHJiarja

eBeHTyajme 6hojiouikc 3kthbhocth.

y obom pafly H3Jio>KeHa cy HcnHTHBaita aHTHMHKpoSHor flenoBaEba BOflemrx

h jnmHAHHX eKcrpaKaTa 40 >khbothh>ckhx h 6hjbhhx opraHH3aiwa jy>KHor Ja^paHa;

3a Hene eKcrpaKTe 6Hhe npm<a3aH nocrynaK (})paKiiHOHHcaH>a h noaaim o ithto-

craTHHKOM h Heypo<pH3HOJioiiJKOM aejioBaifcy 3kthbhhx KOMnoHeHaTa. TaKorje

he 6hth H3Jio>KeHH pe3yOTaTH rrpoy*iaBaH>a cacraBa crepojrHHX (j)paKnHja ca cra-

HOBHiiiTa 6HoxeMHjci<HX npoqeca y MopcKHM opraHH3MHMa.

V-l. KBAHTHTATHBHO OJIPE-BHBAHdE BHOMETAJIA y CEMEHy

UPHOr JiyKA (Allium cepa Z)

B. rpyjuh-Hibaii, P. KaneTaHOBwh h H. PaKHheBHh

IJpupogHO-MauleMauluHKU (paKyAuieui, Eeoipag u IIpupogno-MaiueMauiuHKU

(paKyAiueiu, IJpuututUHa

Kano je ajiHHHa3a oflroBopHa 3a 6HocHHre3y ajimnrHHa, a no xeivuijcKOM

cacraBy je c})oc(j)o-nHpHflOKcaji-rrpoTeim to je 6hjio HHrepecaHTHO yno3HaTH ce
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c 6HoejieMeHTH>ia ceMCHa upHor jiyica, jep je 3a KaTajiHTHWO aejcrBO (poccpo-

-nHpH^OKcaji-npoTenna HeonxoflHO npHcycrBO hckhx MeTajnuix joHOBa (noroTOBy

3BOBajieHTHHx nao iirro cy uhhk h MarHe3HjyM). 3a KBaHTHTaTHBHO oapefjHBaifee

6noMeTajia y ceAieHy upHor jryKa kophcthjih cmo iweTofle aTOMcne ancopimnje

h ewHCHje. MaTepajaji je pa3apaH cyBHM nyTeM, a neneo o6pal)HBaH KHcejniHaMa,

h mokphm nyieM OKCHflannjoM cMeiuoM nepxjiopHe h a30THe KHcejiHHe y o^HOcy

2:1. Ofl GnoreHMx ejieMeHaTa y Behoj kojihuhhh Hal)eHH cy KajmHjyM, KajiHjyirt,

HaTpHjyM h iwarHe3HjyM, a op 6noreHHX MHKpoeJieMeHaTa Haj3acTymBeHHjH cy:

raoHdje, MaHraH h uhhk. KaflAinjyMa Hiwa BHiue y iwaTepHjajiHiwa o6pal)HBaHHM

cMeiiioiw KHcejiHHa, Hero y y3opuHMa o6pal)HBaHHM oneneJi>HBaH>eM, luto ce 06-

jauiH>aBa JiaKOM HcnapJtHBOiuhy KaaMHjyMa. Y cbhm crryMajeBHAia xpoiw je HfleH-

TH(pHKOBaH y TparoBHMa.

V-2. H30JIA1IHJA H KAPAKTEPH3AHHJA CEPYM nPOTEHHA nPH-

CYTHHX y yPHHY IIAIXHJEHATA CA TYEYJIAPHHM EYEPE)KHHM

OUITETiEIfcHMA

H. BejiHiKOBHh, P. Bray h J. XpaHHcaBJteBHh

HHcmuuiyui 3a outuuiy u <j)u3um<y xeMujy, Eeoipag

YpHH 6ojiecHHKa ca Ty6ynapHHM oiuTeheitHMa 6y6pera KapaKTepnme npn-

cycTBo cneimcpiWHHx cepyM npoTeHHa MOJieKyjicne tokhhc 10 000 — 50 000,

Kao uiTO cy P2 — MHKporjiooyjiHH (P2—M), 0C2 — MHKporjiooyjiHH (retinol bin

ding protein-RBP), jih303hm, ajiGyMHH h jrp. KopmuheH je ypHH nauHjemra

KOiwe je paHHje H3BpuieHa TpaHcnjiaHTaunja 6y6pera, h to y (pa3H 0fl6aunBaifca

TpaHcnjiaTaHTaTa. Obhm paflOM oGyxBaheHa je H30JiauHja 2 eceHunjajma npo

TeHHa, Koja HeaBOCMHCJieHo KapaKTepHury TySyjiapHy npoTeHHypHjy : P2 — M

h RBP. nocrynaK H30Jiainije npe£CTaBJba MOflH(pHKaimjy no3HaTHX Merofla h

cacrojH ce op cyKuecHBHe nepMeauuoHe xpoMaTorpacpnje (2x) h xpoMaTorpacpnje

Ha joHCKOM H3MeH>HBa<y. ^HCToha H30JiOBaHHx npoTeHHa KOHTpojracaHa je cneK-

TpocKoncKH, aHajiH30M aMHHOKHceJiHHCKor cacraBa, flHCK-ejieKTpocpope30M h

HMyHOXeMHjCKH. YTBpl)eH je KBaHTHTaTHBHH OflHOC noMeHyTHX npoTeHHa y ypHHy

h noKa3ajio ce fla je KOHcraHTaH 3a pain cjryiaj.

V-3. KAPAKTEPH30BAIEE JtOIIAMHHCKHX PEITEITTOPA NUCLEUS

CAUDATUS-A rOBE^ETA

B. IIIouiKHb, JL TpajKOBHh, J. ITeTpoBHh h M. Kuppm

npupogno-MauieMaiuuHKU (paKyjiuieiu, Eeoipag u Hncuiuuiyiu 3a 6uonow.Ka uciupa-

wueahba „CuHtaua CiuaHKoeuh", Eeoipag

JI,onaMHHCKH peueirropH nucleus caudatus-a roBe^eTa i<ao Montane crpyK-

Type H3pa3HTO oSoraheHe obhm peuenropHMa, npoy^aBaHH cy Scatchard-OBOM

aHajiH30M, KopncrehH TprampaHH flonaMHH Kao cneiB«pH*iaH JinraHfl h Heooene
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>KeHH aonaMHH h xanonepHfloji Kao KOMneraiope. KoHCTairra Be3HBaH>a 3a Di

peijenTOpe H3paqyHaTa Ha ocHOBy noaaTana ao6HjeHHx y3 Heo6ejie>KeHH flonaMHH

Kao KOMneTHTop je H3HocHJia 117,2 jiM (Bmax=l,08 nmol/mg npoTeHHa). OBaKO

BHCOKa BpeflHOcr je yKa3HBana Ha npHcycrBO Beher 6poja HecneiuKpHHHHX Mecra

Be3HBaH>a HHCKor acpHinrreTa 3a aonaiwHH. To je noTBpIjeHO eKcnepHMeHTHMa

y KojHMa je Kao cneu,H(pHHaH KOMneTHTop KopnuiheH xajionepnfloji. GrBapHO

BpeAHOCT Ka 3a Di peuemope je 8,9 \imol (Bma.x = 2,9 pmol/mg npoTeHHa),

iirro HeflBOCMHC^eHO noKa3yje p,a ce Heo6eJie>KeHH AonaMHH He Mome ycneuiHO

npniweifeHBaTH Kao cneuHc})HMaH KOMneTHTop y OBoj Bpcrn Hcrpa>KHBaH>a. K&

3a Di flonaMHHCKe peuenTope h3hoch 2,85 nmol (Bmax= 12,95 pmol/mg npo

TeHHa). BpcoHOCTH 3a KOHcraHTe Be3HBaH>a aonaMHHa 3a Di h D2 peqerrrope

nucleus caudatus-a roBeqeTa cy ncxor peaa BejuwHHe Kao h KOHCTanre Be3H-

BaH>a Koje cy ao6hj1h apyrn ayropH Ha cjihmhhm npoyMaBa&HMa apyrax 6ho-

jiouikhx CHcreMa.

V-4. HEJIOBAH>E HEKHX ArOHHCTA H AHTATOHHCTA flOIIAMHHA

HA IfcErOBO BE3HBAKBE 3A CnEUHOHHHE PEUEIITOPE NUCLEUS

CAUDATUS-A TOBEMETA

JX. TpajKOBHh, B. IIIpuiKHb, J. IleTpoBHh h r. Marah

npupogHo-MameMauiuHKu <pa.Ky/iiueiu, Eeoipag u Huciuuuiyiu 3a 6uoaoiuko uciupa-

iKueouha „CuHutua CuiaHKoeuh" , Eeoipag

Ilpoy*iaBaHO je Be3HBaH»e flonaivmHa 3a cneinKpHMHe peuenTope nucleus

caudatus-a roBe^eTa y npncycTBy emmecppHHa, HopenHHecppHHa h H3onpoiepeHOJia

Kao flonajvumcKHX aroHHcra, oah. y npncycTBy xanonepHflojia, xnopnpoMa3HHa,

MeTaKJionpaMHna h cyjinnpH^a Kao aHTaroHHCTa OBor KaTexoJiaMHHa. Ynopeflo

je HcnHTHBaHO fleJioBaH>e epro3HHa h £HXHMpoepro3HHa Ha HHTepaKUHjy flonaMHHa

ca Di peHeirropHAia. AooHjemi pe3yjiTaTH noKa3yjy aa cbh KopHmheHH aroHHCTH,

xajionepnaoji h xjiopnpoMa3HH oMeTajy Be3HBan>e flOBaiviHHa 3a Di peuenrope

y hhckhm KOHneHTpauHjaMa (10-6 — 10-5 mol/1), aok MeTaKjionpaiwHfl, cyjinnpHfl,

epro3HHHH h flHXHflpoepro3HH HcnojbaBajy cjihmhc ecpeKTe tck npn 3HaTHO bh-

ihhm KOHneHTpauHjaMa (10 4 mol/1). Obh no^auH cyrepnmy aa MeraKJionpaMHfl,

cyjumpHfl h KopmuheHH epojiHHCKH aepHBaTH Hmeparyjy npe cBera ca aona-

mhhckhm D2 penenTopHMa.

V-5. 3ACTynJbEHOCT HOIIAMHHCKHX PEUEnTOPA y PA3JIHMH-

THM CHHAnT030MAJlHHM OPAKOHJAMA NUCLEUS CAUDATUS-A

rOBE^ETA

B. IUouiKHh, J. IleTpoBHh, J\. TpajKOBHh, M. KnApnq h T. MaTHh

npupogm-MaiueMaiuuHKu tfiaKy/iiueiu, Eeoipag, it Hncuiaiuyui 3a

6uonouiKa uciupaxcueaiba „Cuhuiua CiuaHKoeuh." , Eeoipag

Chpob npenapaT CHHanT030wiajiHHX MeiwGpaHa npHnpeAuteH H3 nucleus

caudatus-a roBe^eTa je (ppaKUHOHHpaH y flHCKOHTHHyajiHHM caxapo3HH« rpajjH
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jem-HMa. Caap>Kaj AonaMHHCKHX Di h D2 peueirropa je OApe^imaH y nojeoHHHM

CHHaiiT030MajiHMM (ppaKipijaMa KopHcrehH AonaMim Kao cneimcpH^aH nuraHA h

cnHponepHflOJi nao cneuHCpHuaH aHTaroHHcr. YTBpfjeHO je #a CBe CHHairro30-

Majme cppaKimje ca#p>Ke H3BecHy KOjm»mHy o6e KJiace aoiumbhckhx peaenropa.

<t>paKHHje Koje npn flaTHM encnepHMeHTajiHHM ycjiOBHMa ceAHMeHTHpajy Ha

0,9 h 1,0 M caxapo3H caapwe HajBehe KOJiHMHHe Di h D2 peu,eirropa. Mintpo-

30Majma (ppaKunja Koja je HciiHTHBaHa ynopeao caapwn TaKolje pejiaTHBHO ee-

jiHKy KOJiHMHHy flonaMHHCKHX peaemopa, ujto ce Howe npraiHcaTH npHcycTBy

Majiroc CHHanT030Ma. Obh pe3yjrraTH nona3yjy aa ce (ppaKunje Koje npn obhm

ycnoBHMa ceflHMeHTHpajy Ha 0,9 h 1 ,0 M caxapo3H h Koje cy n3pa3HT0 oobraheHe

obhm peuenTopHMa, Aiory kophcthth 3a tpHHHje 6HoxeMHjcKO KapaKTepH30BaH>e

^onaiwHHCKHX peuenTopa.

V-6. JtEJIOBAH>E HEKHX EPrOJIHHCKHX JXEPHBATA HA AKTHBHOCT

AIJEHHJIAT HHKJIA3E BE3AHE 3A JIOnAMHHCKE Di PEIJEnTOPE

J. IleTpoBHh, B. LUouiKHfa, Jl. TpajnoBHh h M. Khaphm

npupogno-MaiuejuauluHKU ipaKy.iuieiu, Eeoipag, u Mncmuuiyw. 3a

6uoAouiKa ucvupaiKueaiba „CuHuiua CiuaHKoeuh", Eeoipag

rio3HaTo je aa hckh eprojiHHCKH aepHBaTH cneim^HiHo HHTeparyjy ca

aon&iiHHCKHM Di peuenTopHMa h fla cjihmho aonaMHHy HHflyKyjy HH3 onoxe-

mhjckhx Aoral)aja y hcriHjH. JeflHa oa npBHx npoMeHa noja ce 3anan<a nocjie h>h-

xoBe HHTepaKimje ca Di peuerrropHMa je aKTHBHpaH>e cHcreMa aflemmaT iQUcna3e

(EC 4.6.1.1) Be3aHor 3a njia3jwa MeiaSpaHy. ITpaTehn HHTepaKUHjy epro3HHa,

flHXH^poepro3HHa, epro3HHHHa, 6poM epro3HHa h MeTHJi-ecrpa 2-xjiopexHJi-AHXH-

apojiH3eprHHCKe KHcejiHHe yTBpljeHO je aa crHMyjiauHjy aAemmaT i#n<jia3e Be-

3aHe 3a flonaMHHCKe peuenTope H3a3HBajy flHXHapoepro3HH h epro3HHHH npH

Beoiwa hhckom KOHueHueHTpauHjaMa, rok cy epro3HH h MeTHJi-ecrap 2-xjiopeTH;i-

-AHXHapojiH3eprHHCKe KHcejiHHe noinyHO HeaKTHBHH. Epoiw-epro3HH CTHAiyjiHiiie

y H3BecHoj jwepn aKXHBHOCT aaeHHJiaT UHKJia3e ten npn pejiaTHBHO bhcokhm

KOHueHTpaiHijaMa. Kopenaiwija xeMHjcne CTpyrcrype eproJiHHCKHx aepHBaTa h

ycmeHHX GnoxeMHjcKHX npoMeHa he 6hth flHCKyroBaHa.

V-7. HCriHTHBAH>E YTHHAJA H2O2 H KMn04 HA YJITPA-CJIAEO

CBETJBEHjE KOPEHA KYKYPY3A

C. IIlTpSan., M. JepeMHh, )K. ByMHHHh h H. PafleHOBHh

Ihiciuuiuyiu 3a xyi<ypy3, Eeoipag u npupogm-MaxueMaiuuHKU (paxyAiueiu, Eeoipag

yjiTpa-cjia6o CBeTJbeite (YCC) je eiwHCHja cbctjiocth Bpno HHcnor hh-

TeH3HTeTa Koja npara MHore npouece y jkhbhm cHcreMHMa. Y obom paay je hc-

nHTaH yTHHaj H2O2 h KMnC«4 Ha YCC KopeHa KyKypy3a. 06a areHca nojaMa-

Bajy YCC. ITpn MaibHM KOHueHTpaiuija/wa HHTeH3HTeT ce JiHHeapHo noBehaBa



C75

ca KomjeHTpaqHjoM. HHTeH3HTeT yCC 3a Behe KOHneHTpainije H2O2 Hiwa koh-

craHTHy BpeflHocr. KMn04 nojaiaBa YCC ao oflpetjeHe KOHueHTpanjije, a 3aTHM

HHTeH3HTeT naaa Ha ocHOBHy BpeflHocr. Har)eHO je fla yKynHH HHTeH3HTeT YCC

noTHne oa TpH pa3:iHMHTa nponeca Kojn ce ogBHjajy no 3ai<0Hy peaKUHje npBor

peaa. KoHcraHTe 6p3HHa 3a CBe TpH peaKUHje cy oapeljeHe. Aa<op6HHCKa KHce-

-iHHa HHXH6npa HajcnopHjy peaKUHjy, aok Ha apyre ^Be Heivia yTHuaja. JJaTo

je o6jauiH>eH>e nocjviaTpaHHx ecpeKaTa.

V-8. TPAHCnOPT KP03 "REJIHJCKY MEMBPAHY EPHTPOIJHTA

irrauA

B. JlecKOBaq, C. TpHBHh, R. riepH^HH, M. Crynap h Jh. Mypry/i

npupoguo-MameMawuHKu (fraxyAuleiu, Hoeu Cag.

TieJiHjcKa Meiw6paHa epHTpouHTa koa nTHU,a cJiy>KH 3a npeHOC cyneraHUH

h HH(popMauHja; HH(popMauHje ce npeHOce Kpo3 hejrajcKy iweM6paHy Ha pa3JiH-

MHTe HaMHHe. Y obom npnjiory mh caonuiiaBaivio o npeHocy HHcpopiwaimja y he-

jmjy Ha flBa HanHHa: a) noMohy (3-aapeHepnraKHX cyScraHUH npeKO (3-aflpeHO-

peuenropa h cAMP, h 6) noMohy aaeHOCHHa npeno Na, K-3aBHCHe afleH03HH

TpH(poc(paTa3e. (3-Ai-ohhcth Meitajy 6p3HHy TpaHcnopTa KajiHjyMa npo3 hejinjcKy

jwe.MGpaHy. 06hmho, (i-aroHHCTH aKTHBHpajy KaKO ecpJiync Tano h HH(pJiyKC Ka-

.nijy.wa y hejinje; noa noce6HHM eKcnepHMeHTajiHHM ycjioBHMa, ohh cy y cranky

Aa HHXH6Hpajy 6p3HHy ecp.iynca KajinjyMa hs hejinja. Auchcwhh je jan hhxh-

6htop Na, K-ATPa3e; hejmje ra y3Hiwajy H3 cnojbHor MeflHjyMa, h oh ecpHKacHo

HHxn6Hpa eH3HM fle.iyjyhn Ha yHyTpaunty crpaHy MejviSpaHCKe Na, K-ATPa3e.

Ooe Bpcre cyncraHUH, (3-aroHHCTH h aaeH03HH, cjiywe nao eKcrpaueiryjiapHe

iincpopMauHje, cnocoSHe aa peryjiHiuy aKTHBHTei MeM6paHCKe MamHHepHje 3a

TpaHcnopT Ka„iHjyivia Kpo3 ncry.

V-9. KHOnPO^YKUHJA BOJIOHHKA

J. JaKiiieBaq, Jh. MajaaHau, M. Bapa^H h C. Kanop

TexHOAOuiKO-sieiucuiypiuKu (paxyAuieui, Eeoipag u Muciuuiuyiu 3a upttMeny uyKAeapne

enepiuje y uo.boupuepcgu, Eeoipag

Y nocjieflibe Bpeiwe noKJiaita ce CBe Beha na>KH>a BOflOHHKy Kao H3Bopy

eneprnje 36or HH3a iipeflHocra noje boaohhk mwa Ha# flpyrniw eHepreTCKHM H3-

BopHMa. Y OKBHpy Moryhnx naMHHa 3a flo6HjaH>e OBora raca, ^aHac ce mhoto

paaii h Ha npoy^aBaity iteroBe 6Honpo,oyKUHje. Y obom pafly je 3a HcnHTHBaH>e

npoH3BOflH>e BoaoHHKa KopHmheHa 6aKTepnja Clostridium butyricum, KyjiTypa

Koja ce y nopef)eH>y ca BehHM SpojeM TecrapaHHX 6aKTepHja H3 pofla Clostridium

noKa3ajia HajaKTHBHHjoM. HcnHTHBaH je yTHnaj cacraBa xpawBHBe nofljiore

(THor.iHKOJiaTiiH 6yjoH, RCM-6yjoH, nofljiora no Peck-y h Gest-y, nofljiora

no Kaiub;-y h Hene MOflHcpHKauHje VL-6yjoHa) Ha CTBapaH>e MOJienyjiCKor bo-

AOHHio, i<ao h H>eroBa npoH3BO,zrH»a og crpaHe hmo6hjih30B3hhx hejinja OBe
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6aKTepHje. "Rejmje cy HMo6njiH30BaHe y arapy, a HcnHTHBaH je yraijaj KOHijeH-

Tpannje arapa, Kao h yxnuaj xe.wnepaxype h pH CHcreiwa. Pa3BHjaite Boaomuca

npaheHO je MaHOMeTpHjcKOM xexHHKOM y Warburg-oBOM anapaTy.

V-10. YTH1XAJ 3AMEHE CJIAJ1A KYKYPY30M HA KBAJIHTET

nHBCKor tpoiia

C. IIlHjiep h J. Bapac

TexHOAOtuKO-MeuiaAypiuKU ipahyAuieui, Eeoipag

KBanHTeT nHBCKor Tpona anpeKXHO 3aBHCH oa Bpcre h KBajiHTeTa cHpoBima

Koje ce KopHcre y npoH3BoaH>H nHBa. riouiTO ce hhbckh Tpon KOpHcrw nao cxoMHa

xpaHa, a y noaieaH>e Bpeiwe h y HcxpaHH JByan, oa HHTepeca je 3HaTH Kano Ha

H»eroB KBajiHieT yxH*ie h chpobhhckh cacxaB npn npoH3BoaH>H nHBa. Y Te CBpxe,

y paay je aiaa 3aMeH>eH KyKypy30M y KOJiHMHHaiwa oa 10%, 20%, 30%, 40%

h 50%. Ha ocHOBy aHanHXH^KHx noaaxana yxBpfyeHO je aa ca nopacroM yaejia

KyKypy3a pacre y hhbckom Tpony caapwaj yrvbeHHX xnapaxa h JiHnHAa a aa ce

CMaayje caap>«aj chpobhx BJianaHa, ujto HMa 3a nocjieaHiry noBehaite H>eroBe

ynynHe eHeprexcKe BpeaHOCXH oa 2.060 kj/100 g cyBe Maxepnje Ha 2.140 kj/100 g

cyBe Aiaxepnje. Hero xano HAiajie cy nopacr h cjicaehe KapaKxepncTHMHe Bejinmrne:

eHepraja CBapJbHBHX cacxojaKa, Aiexa6oiiHMKa eHepraja, HeTO HCKopHUiheHa eHep

raja H CKpoSHH eKBHBaneHT. 3aMeHa cjiaaa KyKypy30M HHje luuuia 3HaMajHiijer

yxmjaja Ha BpeaHOCX KoecpHUHjeHxa eHepreTCKor HCKopninheiba.

V-ll. YTHIXAJ 3AMEHE CJIAJIA KYKYPY3H0M KPYnHHOM HA

EHEPrETCKY BPEJIJHOCT nHBCKOr KBACUA

C. IIlHJiep h J. Bapac

TexHonotuKO-MeuLanypiuKU (panyAuieui, Eeoipag

HoiHraH je yTHnaj ,3aMeHe cjiaaa Kynypy3HOM KpynHnoM npn npoH3BoaikH

nHBa Ha eHeprexcKy Bpeanocx nHBCKor KBacna Kojn y ioj npoH3BoaH>H HacTaje

i<ao cnopeaaH npoH3Boa- Gnaa je 3aMeH>eH KyKypy3HOM KpynnnoM y ko.ihhh-

Hajwa: 10%, 20%, 30%, 40% h 50%. KBajraxex KBacna je pa3.waxpaH ca acnei<xa

H,eroBe npHMeHe y HcxpaHH ctokc YxBpr)eHO je aa ocyujeHn nnBCKH KBacan

HMa BHCOKy eHepreTCKy BpeaHOCX oa 19,3 kj/'g cyBe MaTepnje h aa OHa pacre

ca nopacroM caapwaja KyKypy3He Kpyimne y ycnnKy. YnopeflHo ca nopacxoM

BpeflHOCTH ynynHe eHepraje pacxy h BpeanocxH eHepraje CBapjbHBe xpaHe, Me-

TaGojiH^iKe eHepnije h Hexo HCKopHUjheHa eHepraja. BpeaHocx CKpo6Hor ehBii-

BaJieHTa cyBe MaTepHje nHBCKor KBacHa Kpehe ce y rpaHHH.aivia oa 69 h 72 3a-

bhcho oa oaejia KyKypy3He Kpynnue h BpcTe croKe Koja ce H>OMe xpaHH.



VI. XEMHJCKO HHXCEH>EPCTBO

CEKUHJCKO ITPE.HABAH>E

VI-SP. CHCTEMCKO HH>KEH>EPCTBO H PA3BOJ IIETPOXEMHJCKE

HUaYCTPHJE jyrOCJIABHJE

M. CokhH

TexHOAOiuKO-uaueutyptUKU (fiaxyniueiu , Eeoipag

Chctcwcko HHH<eH>epcTBo je o6jiacr xeMHjcKor HH>KeH>epcTBa Kojy KapaK-

Tepiiuie CHcreMCKH npHcryn npo6jieMHMa xeMHjcKe TexHOJiornje. <I>jieKCH6HJiHOCT

npH AecpHHHcaiby ejieMeHaTa h rpaHHua xeMHjCKO-TexHOJiouiKHX CHCTeMa, omo-

ryhaBa chctcmckh npHcryn npo6jieMHMa pa3JiimHTor creneHa cjiokchocth (no-

jeAHHH aenoBH TexHOJiomnor npoueca, KOMiuieTaH tcxhojiouikh npouec, chctcmh

npoueca, bcjihkh npoH3BOflHH chctcmh).

y HajMeuihe pa3MaTpaHe npoGjieiwe cncTeMcnor HHH<eH>epcTBa cnagajy Ma-

TeAiaTH^KO MOflejioBaHbe, CHMyjiaunja, onTHMH3auHja, a y nocjieflH>e BpeMe h

CHHTe3a xeMHjcKO-TexHOJioiuKHX CHCTeiwa. PemeH>a HaBeaeHHx npoSjieiwa KopHcre

ce npn npojeKTOBan>y h ynpaBJbaity CHCTeMa, miainrpaifcy npoH3BOAH>e, pa3-

Boja ht/j.

JyrocjioBeHCKa neTpoxeMHjcKa HwrycrpHja, a HapcwHTO npOH3BOjiH>a 6a3HHx

neTpoxeMHKa^Hja, Hajia3H ce y no^exHoj $a3H pa3Boja, a 3acHOBaHa je yrjiaBHOM

Ha yB03Hoj TexHonorajH. 36or iora, cboj HajBaxcHHjn flonpHHOc pa3Bojy neTpo-

xeMHjCKe HHOycTpHje chctcmcko HHweitepcTBo TpeHyTHo iwo>Ke aaTH npn paiyio-

HajiH30Bait>y h ycmia^HBafty nocrojehnx, nao h 6yayhnx pa3BO)HHX ruiaHOBa.

IleTpoxeMHjcKa HHjxycrpHja ce MOH<e npeflcraBHTH Kao cncreM Met)yco6Ho

noBe3aHHx tcxhojiouikhx npoueca KojHMa ce, nojia3ehH oa npnMapHHX cnpoBHHa

nopenjiOM H3 Ha(})Te h 3eMHor raca, npoH3Bojje neTpoxeMHKajiHje Koje npea-

craBJBajy cnpoBHHe 3a flpyre ceraeHTe xeMHjcKe HHflycTpHje. PejiaTHBHO jenuo-

craBHHM MaTeMaTHMKHM MOflejiOM CHcreiwa MOH<e ce o6yxBaTHTH bcjihkh 6poj

nocrojehHX, o/jhocho iuiaHHpaHHX npoueca, yKjkyMyjyfcH h MHoro6pohHe ajrrep-

HaTHBHe MoryhHOCTH npOH3BOJXH>e nojeAHHHx nexpoxeMHKajiHja. IIpHMeHOM mo-

uejia, y3 orpaHHMeita noja o/xpajKaBajy nocrojehe, oahocho npojeKTOBaHO craH>e

y norjie/iy pacnoJio>KHBOCTH npnMapHHX cnpoBHHa h noTpe6a 3a (pHHajnmM npo-

H3BoaHMa, wo>Ke ce aoShth HH3 .nparoueHHX noaaTaKa o oirrHAiajiHoj crpyKTypH

CHcreMa, e4>eKTHMa Moryhnx H3MeHa y pacnojio>KHBOCTH npHMapHHx cnpoBHHa,

ynmajy hobc TexHOJiornje hta.

3Haqaj OBaKBHX HHcpopMaunja 3a KoxepeHTHO iuiaHHpoH>e pa3Boja neTpo-

xeMHjcne HHJxyctpHje y JyrocnaBHjH, HapoMHTO npn H36opy tcxhojiouikhx npo

ueca, yTBp^HBaH>y KanauureTa iuiaHHpaHHX nocTpojeaa h cji., HaMehy noTpeGy

3a uinpoM Hcrpa>KHBaMKOM aKTOBHOinhy, 3acHOBaHOM Ha chctcmckom npHCTyny

OBO) npo6jieMaTHUH.
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VI-1. CTPATErHJA H 4>HJI030cDHJA IIPOJEKTOBAIfeA EKCTPAKTOPA

3A ITPOUEC H3JXBAJAH>A YPAHHJYMA H3 OOCOOPHE KHCEJIHHE

P. CreBaHOBHh

Mncuiuuiyiu 3a HyKJieapue nayne „Eopuc Kugpun", Bwwa—Eeoipag

OcHOBe CTpaTeraje h (J)HJi030<pHje npojeKTOBaita eKcrpaKropa i<oje cy

CKopo ny6jiHKOBaHe, yKpaTKO cy H3HeTe y obom paay. KopHcrehH OBe ocHoee

h HiwajyhH y Bmny cneimcpHMHOCTH npoueca H3flBajaH>a ypaHHjyiwa H3 (jjoccpopHe

KHceJiHHe o6jaBJi>eHe y JiirrepaTypH, npeflJioH<eH je nocrynaK npojeKTOBaita

eKCTpaictopa 3a I umciyc eKcrpaKunje ypaHHjyjvia. KopncrchH JiHTepaTypHe no-

flaTKe 3a eKcrpaKUHOHe H30TepMe, khhcthmkc noflan<e 3a eKcrpaKUHjy h peen-

crpaKUHjy, H3BpineH je npejiHAiHHapHH H36op THnoBa eKcrpaKUHOHnx ypeljaja

3a OBaj npon.ec. H3a6paHH thtobh ypetjaja cy kphthmkh aHaiiH3HpaHH h nopel)CHH.

VI-2. EKCnEPHMEHTAJIHA nPOBEPA KOHUEnUHJE nOCTYnKA 3A

TEHEPHCAItE AEPOjmCnEP30HJIA BPJIO MAJIHX KOHUEHTPAUH

PEJlHCnEP3HJOM ITPAXOBA.

C. KoHqap-"Byp^eBHh h C. HeiwoAa

TexHOAOUiKO-Mema.iypuiKii (paKynuieui, Eeoipag

3a flo6HjaH>e i<OHTHHya.TiHor Tona aepo,UHcnep30H,na Bp.io Ma;iHX kohuch-

Tpannja (ao 10 mg/m3), mbpcthx qecnuja mhkpohckhx h c>'6mhkpohckhx bcih-

^HHa KOHcrpyHcaH je ypel)aj 3a ABOcrpyKO cynqecHBHO ,no3Hpan>e npaxa KojH

ce /mcnepryje. y npBoj (pa3H Meinajy ce Bpjio ivia.ie kojihmhhc npaxa, o/jpebeHor

rpaHyjioMeTpnjcKor cacraBa, ca mhoto BehHM KOJnraiiHaMa KpynHHjHX „HeaKTHB-

hhx" qecTHiia, noroflHor NiaTepnjajia, MHMe ce nocrnwe npBO „pa36;ia>KHBatt>e"

npaxa Kojn he ce flHcneproBaxn. Y apyroj (pa3H OBa ciweina, Majior iwaceHor npo-

TOKa, yBO^H ce y bptjio>khh peaKTop. 36or paga H,\inejiepa aojia3H ao pa3ABa-

jan>a npaxa o,a bcjihkhx HecrHua. YayBaBaiteM Majrax KOJiHMHHa Ba3flyxa y pean-

Top H3Hoce ce Mecmne npaxa h aoaaje crpyjH ceKywjapHor Ba3Ayxa 3HaTHO Beher

npoTOKa. Tano ce ao6nja apyro „pa36jia>KeH>e" npaxa Bp.no hhckhx KOHueHTpaunja.

H3HeTe cy no3HTHBHe n HeraTHBHe KapaKTepncTHKe onncaHor ype^aja.

VI-3. AHAJIH3A 30HE XJTATdEHjA nPErPEJAHE nAPE y

kohd;eh3atophma

A. Tacnh, M. MnxajjiOBHh, C. UlepGaHOBHh, JJ. rpo3flaHHh, B. Bajiem h B.

Toop^eBHh

TexHOAOUiKO-MewaAypiuKu (paKynuieui, Eeoipag u Butua iuexHOAomKa uikoao,

Eeoipag

y paay je H3BpmeHa aHajiH3a yTHijaja (pH3HMKHX napaiweTapa (fmynaa h

reoMeTpnjcKHx KapaKTepncTHKa anapaTa. OBa pa3MaTpaH>a cy oa HHrepeca npH

npojeKTOBaay 30He xjia^eita nperpejaHe nape y KOHaeH3aTopnMa ca BHine 30Ha.
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VI-4. I1PHKA3 MATEMATHMKOr H EJIEKTPH^HOr MO^EJIA KOH-

BEKTHBHOr nPEHOCA TOIIJIOTE HA OPEBPEHHM nOBPIIIHHAMA

JS,. rajnb, II. Grajtmh h C. HjBHjoBHh

BajbaoHuna 6axpa u aAyMunujyMa, Ceeojno u TexHOAOutKO-MeuiaAypuiKU ^OKy/itueiu,

Eeoipag

Ha ocHOBy eKcnepHMeHTajiHHX pe3yjiTaTa flo6HjeHHx H3yMaBan>eM (peHOiweHa

KOHBeKTHBHor npeHoca TonjioTe Ha opeGpeHHM noBpiiiHHaMa ^ecpHHHcaHa je

MeTOflOJiorHja MaTeMaTHtn<or MoaejioBaita Te/unepaTypcKor nojba h KoeipHunjeHTa

HepaBHOMepHocTH KOHBeKTHBHor npeHoca TonjioTe. ITpoBepe H3BpmeHe Ha ejieK-

xpoHCKOM paqyHapy cy noKa3ajie fla ce o,ncrynaH>e MOA&Jia y oflHocy Ha eKcne-

pHMeHTajiHe pe3yjiTaTe Hajia3e y fl03BOJbeHHM rparomaiwa. Y pajry je TaKolje onncaH

ejieKTpHMHH MOfleji kohbckthbhop npeHoca ToiuioTe Ha opeGpeHHM noBpuiHHaAia

h H3BpmeHO H>eroBO ynopetjenbe ca iwaTeMaTHiKHM MOflejioM h eKcnepHMeHTanHHAi

pe3yjrraTHMa.

VI-5. AHAJIH3A KOJIEKHHJE ^ECTHHA Y CKPYBEPHMA CA

<t>JiyHflH30BAHHM CJIOJEM

T. Byn>aK-HoBaKOBHh gfl. B. ByKOBHh

TexH0Aow.KO-MeuiajiypuA.KU (paKyAuieiu, Eeoipag

CKpy6epH ca (pjryHflH30BaHHM oiojeivi npeACTaBJBajy caBpe/weHe ypefjaje y

KojHAia ce H3flBajaH>e mbpcthx ^ecraua H3 raca o6aBJBa y cynpoTHocrpyjHOM

TOKy raca h tc*ihocth, y BHiue CJiojeBa (pjr/HflH30BaHor c(pepHMHor nyH>eH>a.

H>HxoBa npHMeHa saxBaTa BHiue oGjiacra, oa Kojnx cy HajBaHoraje ancopnunja

racoBa h npeMHUihaBaH>e npou,ecHHx racoBa on. ^ecraua h racoBHTmc nojiyraHaTa.

y pa^y je npefljioweH MaTeiwaTH^HH MOfleji ecpHKacHOCTH CKpy6epa ca (pjiyHflH-

30BaHHM cjiojeM, 6a3HpaH Ha JaHroBoj onuiToj KopejiauHjH ecpHKacHocm h Ha

concTBeHOM Mo^ejiy naaa npHTHCKa h pe>KHMa paga. AHajnranpaH je paa CKpy-

6epa h npeno>KeHO je oirrHiwajiHO paaHO noapyije ypeljaja OBe Bpcre. YTBp^eHO

je cy y oGjiacm bhcokhx naflOBa npHTHCKa ecpHKacHocrn CKpy6epa ca (pjiyn-

AH30BaHHM cjiojeM h BeHTypH CKpy6epa cjnraie, aok y npouecHMa HcroBpeivieHe

ancopnunje raca h Ko^eKunje MecTHU,a CKpy6ep ca (pjryH,im30BaHHM cjiojeM HMa

noBOJbHHje KapaKrepHCTHKe.

VI-6. HEHTPH<J>yrAJIHO-MOKPOnpyTHH CKPyBEP

P. OnaBCKH

COyP „Uemap JJpauutm", MAogenoeau,

JIhmhh racoBH ce H36anyjy H3 nehn npHpoflHOM h npHHyflHOM npoinajoM.

npHpoAHa rrpoMaja 3asHCH op, bhchhc abmoboas h OKarae anwoapepe, a Be-

iirraMKa hjih npHHyoHa npoMaja ce octBapyje y3 noMoh BeHTHJiaTopa h CKpySepa.
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y aajbeM TeKcry ce roBopH o ueHTpHcJ)yrajiHHM cKpyotpH.Ma h h>hxobhm KapaK-

TepHCTHKajvia, moKponpyTHHM CKpyoepHAia h h>hxobhm KapaKTepHCTHKaftia, h bch-

THJiaTopHAia, h»hxobo) noAejm h KapaKTepHCTHKajvia. IIoce6HO je o6par)eH ao

AeTajba CKpySep KojH je paflHO Kao MonponpyTHH, a nooie cKHAa&a MonponpyTHe

peiueTKe je paflHO Kao n,eHTpH(})yrajiHH. y 3aKJby^Ky je peMeHO uiTa 6h Tpe6ajio

Aa ce ypaflH Kano 6h aothmhh CKpy6ep ycneuiHO paflHo Kao ueHTpHtpyrajnni

-CKpyGep.

VI-7. ynOPE*BEH>E EOHKACHOCTH CPE.HCTABA 3A IIPEHHIiniA-

BAItE 30%-He cDOCOOPHE KHCEJIHHE

H. IlaupBHh, E. PHC-ruh, A. ToiiHh, M. PhcthK, M. EorocaBJbeBHh h JX.

CnacojeBHh

TexmiHKU (paxyAuieui, Eop

y paay cy aaTa HOiHTHBaH>a oSaBJteHa Ha npe^HUjhaBaH>y CHpoBe 30%-He

•<J)oc(popHe KHceJiHHe, Koja ce rrpoH3BOAH y HXIT-IlpaxoBy. KopnuiheHe cy pa3He

(pjioKyjiHpajyhe cyncxaHUHje h aKTHBHH yraib. Tcxhhkom „JIhct" npo6e, yTsp-

r)eHH cy napaiweTpH h cpeflcrBa, Koja AonpHHoce HajKBajiHTeTHHjeM npcnnnha-

Baity (poccpopHe KHcejiHHe.

VI-8. EKCTPAKUHJA EAKPA nOMO*Ey LIX-PEArEHACA H3 CYM

nOPHOKHCEJIHX PACTBOPA

A. TpH3o, <J>. ITonocKa h 7K. TpajieBCKa

TexHOjioutKu (fraKynwevu, CKoiije

HcmrraHH cy KHHeTHKa h paBHOTe>KHH ycjioBH npoueca eKcrpaKunje 6aKpa

H3 cyAUiopHOKHcejiroc pacTBopa noiwohy xejiaTHHx eKcrpaKTaHaTa THna LIX 64N

h LIX 65N. EKcnepHiweHTajfflH pe3yjiTaTH npoH3HiujiH H3 HcrntrHBarfca paBHO-

tokhhx ycnoBa, 3a 06a eKcrpaKUHOHa cpeACTBa, noKa3yjy Aa khccjioct cpeAHHe

3a BpeAHOCTH pH>2,5 Heiwa Gwtsa yrimaj Ha KOjnwHHy eKCTpaxnpaHor 6aKpa.

yrauaj noyeTHe KOjnmHHe eKcrpaKTaHTa je hcth y 06a oryiaja. LIX 64N no-

Ka3yje Behy ecpHKacHocr oa LIX 65N. IIoKa3aHO je Aa ce y 06a cjiy^aja peaKiraja

CTBapa&a xenaTa OABHja y3 ocjio6arjaH>e Asa joHa BOAOHHKa. KHHeTHKa eKcrpaK-

HHje, HcraiTaHa caiwo ca LIX 64N, oiworyhyje onpeAeJbeae peAa peararHje y oa-

Hocy Ha KOHueHTpaiuijy 6aKpa h joHa BOAOHHKa. KopHiuheHbeM MaKpocKoncKor

6njiaHca Mace noKa3aHo je Aa ce npouec eKcrpaKHHje, 3aBHCHO oa khccjiocth

cpeAHHe, OABHja y Asa oahocho ipn nepHOAa. IIpBH HajKpahn je khhcthmkh

KOHTpojmcaH, Apyrn ce OA-iMKyje AiemaHOM khhcthkom, Tj. KOHTpojrHcaH je

KaKo 6p3HHOM peararHje CTBapaHba KOMnjieKca TaKO h 6p3HHoiw A*«py3Hje, aok

je Tpehn nepnoA KOHxpojincaH 6p3HHOM AH<J)y3Hje 6aKpa Ka rparoraHOM cjiojy

BOAeHe (J>a3e h eKcrpaKTaHTa Ka rparoraHOM cuojy opraHCKe cpa3e.
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VI-9. HEKH ACnEKTH YniTEflE EHEPmjE Y JJ.ECTHJIAUHJH

J. CaBKOBHh-CTeBaHOBHh

TexHOjioiuKO-MetuaAyptuKU (paxynuieui, Eeoipag

y paay je Ha ocHOBy TepiwoflHHaivuraKe aHajiH3e npoyuaBaHa yurrefla eHep-

nije y flecTHJiauHOHHM npouecHMa. Pa3iwaTpaH je KOHueiiT TepMOflHHaiwHMKe e<pH-

KacHOCTH y flecTHJiauHjH h H3BefleH anropirraM 3a H>eroBy npmweHy. Pa3BHjeHa

MCTOfla je TecTHpaHa Ha jeflHoj Jia6opaTOpHjcKoj h ptlot-plant kojiohh. H3Bp-

uieHa je omnMicaaHja yurreae eHepraje y flecrajiauHjH nao cenapauHOHor hh-

iiycTpHjcKor npoqeca. ITpeiwa pa3BnjeH0M auropHTMy HaimcaH je nporpaM Kojn

je TecTHpaH Ha off-line nrnim Ha flHnrrajiHOM e^eicrpoHCKOM paqyHapy.

Vl-10. PABHOTE5KA IIAPA-TEMHOCT TEPHEPHHX ACOCOBAHHX

CHCTEMA CA ACOUHJAIJHJOM tfBE KOMnOHEHTE Y OBE OA3E

J. CaBKOBHh-CTCBaHOBHb, B. "BoptJeBHh h A. Tacnh

TexHo/wtuKO-MeiuaAyputKu tfxucy/uueiu, Eeoipag

y paay je npeTnocTaBJbeH TepMOflHHanuraoi Moaeji 3a aHaiiH3y e$eKara

acoiQijauHje y iwyjiTHKOMnoHeHTHHjw CHcreMHAia ca acouHjaunjoM BHiue komiio-

Heaaxa y o6e cpa3e. Pa3BHjeH je anropHTaiw 3a o6paay paBHOTe>KHKx noflaTaKa

3a TepHepHe CHcreMe ca acoimjaunjoM flBe KOMnoHeirre y o6e 4)a3e, y3HAiajyhH

y o63Hp 3aBHCHOcr cacraBa KOHcraHTe acouiijaimje y TeuHoj 4>a3H. OBaj anro

pHTaiw je BepH(J)HKOBaH ca eKcnepHMeHTajiHHM nonauHiwa hckhx KapaKTepHcnrqHHX

CHCTeiwa.



vn. METAJiyprnjA

CEKUHJCKO nPEflABAftE

VH-SP. CABPEMEHH UPOUECH H PA3BOJ TEXHOJIOrHJE

JIHBAPCTBA

M. TomobhH, C. MaTHjauieBHh h C. MapKOBHh

TexHOAOtuKO-MeuiajtypuiKu $OKyjM*em, Eeoipag

JlHBapcrBy Kao HHflycrpHjcKoj rpaHH, cBe BHine ce noKJiaita na^ota naKo

y HHflycrpHjcKH pa3BHjeHHM 3eMJbai«a, taKO h y 3eMJbajwa y pa3Bojy. KopeHH

TaKBor oflHoca jie>Ke y KOHaiHOM ca3Haay aa je JiHBapcrBO jeflHa oa Boqehicc

HHaycrpHja Kano no Spojy 3anocneHHx, TaKO h no 6pyTo npracoay.

flajte, pa3Boj h eraHcreHUHja mhoitk rpaHa HHflycrpHje y .unpeKTHoj je

3aBHCHOCTH Ofl JIHBapCTBa.

Ha noiby JiHBapcrBa, Kao yocrajiOM h y cbhm rpaHaiwa Texmnte, yuHiteHo

je BHme 3a nocjiefl&HX TpHflecetaK roflHHa OBor BeKa, Hero 3a hckojikko croTHHa

roflHHa npe Tora. Ma^a je ymnteH bcjihkh HanpeaaK h ocrBapeHH 3ana>neHH

pe3yjrraTH, y oBoj oSjiacTH ce h flajbe paflH hhtch3hbho Ha pa3Bojy h ycaBp-

uiaBan>y TexHOJiornje paaa, ujto 3HawH aa Tpe6a jom Beoivia nmoro ypaflHTH y

OBoj oojiacTH aa 6h ce hiujio y KopaK ca ocrajiHM rpaHaMa raurycTpHje.

Ha pa3Boj hobhx npoqeca y JiHBHHuajwa noajejniaKO cy yTHuajm pa3Boj

cnpoBHHa h noMohHHx cpeflcraBa 3a jiHBHHne, Kao h MexaHH3aimja a ayrOMaxH-

3anaja nojeanHnx <pa3a paga. OBa OTKpnha yqHHHua cy qa ce noBeha npom-

BOflHocr y nojeflHHHM (pa3aMa paqa Man h ho cto nyia. 3axBaji>yjyhH TOMe, BpeMe

3a o6aBJtaH>e Hene onepaunje hjih Hene <pa3e pafla nocrajio je ochobhh napa-

MeTap 3a oneHy nporpeca npHAiesbeHe TexHHKe h ,TexHOJiorHje y JiHBHHnaflia.

AyTop je CBoje H3JiaraH>e noqejmo y ppa. aejia:

— Pa3Boj caBpejweHHx nponeca h hobhx TexHOJioraja h ocbpt Ha Cyflyhn

pa3B0j JIHBHHUa.

— npHMeHa caBpeMeHHx npoqeca y jiHBHHuaMa JyrocnaBHje, ca noce&HKM

ocbptom Ha paa h pe3ymaTe pa#a KaTeape 3a jomapciBO, TexHojiouiKO-MeTa-

jiypniKor (paKyjrreTa.
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VH-1. HCTPA>KHBAH>E KHHETHKE PEJlYKimjE MAIHAHIIEHKOr

MArHETHTA yrjbEBHMA THMOHKOr PErHOHA y HEH30TEPM-

CKHM yCJIOBHMA

H. L(0JI0BHb H M. AHTHh

TexmiHKii (paKyAuieui, Eop

H3Bpmena cy KHHera«JKa Hcrpa>KHBaH>a npoueca AHpeKTHe peAyKUHje

Maj^aHneiKor MarHCTirra yrjbeBHMa THMOMKor peraoHa y Hen30TepMCKHM ycno-

BHMa koa paaiH^HTHX 6p3HHa 3arpeBaH>a. EKcnepHMeHTH cy H3Bol)eHH repaio-

rpaBHAieTpHjCKH y crpyjH a30Ta. Khhsthmkh napaMeTpn cy oape^eHH MeTOAama

Koje irpoH3HJia3c H3 Teopuje craunoHapHe TaMi<e. BpeflHocrH khhcthmkhx napa-

iweTapa yKa3yjy aa je nponec racnrpHKamije yrjba, HajBepoBaTHHje, jiHMHTHpajyhH

craaHjyM. IIoKa3aHo je Aa ce peaKUHOHa cnoco6HOCT yrjbeBa thmohkof pernora

(„Bpun<a Myna", „BoroBiiHa", „Coko" h „JIy6HHua") cwaityje ca .^apomhy"

yrjteBa.

Vn-2. HCnHTHBAH>E TAMAKA d>A3HHX nPEOBPA^CAJA nPHMEHOM

DTA KOj; TPOJHOr CHCTEMA Cd-Bi-Sn

B. ,II,o6oBHiiieK, JI. CTynapeBHh h H. HeaejbKOBHh

0aKyAtueiu 3a uapaeocjtoejbe uh uiexHO/toiujo, Jby6/bana u TexmiHKU <paKy,iuieui, Eop

BpuieHa cy HcniiTHBaita KBa3H6HHapnnx npeceKa tpojhhx AHjarpaMa craH>a

Cd-Bi-Sn. ITpHMeHOM DTA MeTOfle yTBpt)eHe cy TeMnepaType cpa3Hnx npeo-

6pa>Kaja h KOHCTpyncaHH KBa3n6HHapHH npeceun. YiB^tno je fla ynoTpe6a

ose MeTOAe HHje aobojbho npen,H3Ha 3a KOHCTpyKinijy OBor TpojHor CHcreMa,

jep ce pe3yjiTaTH HcnHTHBaaa pa3JiHKyjy y Mef)yco6HOM nopetjeity pa3Jnromac

npecena.

VII-3. nOHAUIABbE MARAGING ^EJIHKA Fe-Ni-Co-Mo-Ti THIIA m»H

BHUIECTPKOM nOHOBJbEHOM 3ArPEBAH>y

H. II. BnAojeBnh, H. M. HoBOBnh-CHMOBHh, B. M. AHfjejmfe

TexHO/ioiuKO-MeiuajiypuiKu (panyAuieui, Eeoipag

Jla 6h ce ao6ho yBHA y MexaHH3aiw flHd)y3H0HHX npoueca kojh ce OAHrpasajy

y CKJiony MapTeH3HTHo-aycTeHHTHe TpaHcdiopMaunje maraging yejnwa Fe-Ni-

-Co-Mo-Tt THim, AHJjaTOMeTpnjcKe enpyBeTe cy noABprnyTe BHmecrpyKO no-

HOBJBeHOM 3arpeBan>y ao 0Aa6paHe TeMnepaType ABO<pa3Hor (oc+y) — nonpyija

h xjial)eH>y ao co6hc TeMnepaType. Ilpn TOMe je 6p3HHa 3arpeBaH>a AHJiaTOMeTpHj-

ckhx enpyBCTa ii3Hociuia ~ 300cC/h, a 6p3HHa xjia^exba OATOBapana je 6p3HHH

jcial)eH>a nehn AHJiaTtmeTpa. AHajm3a perHcrpoBaHHx AndiepeHUHja^HHX AHJiaro
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AicrpHjcKHx kphbhx je nona3ajia aa ca nopacTOM 6poja TepivuwKHx HHKJiyca 3a-

rpeBaita Tpe6a pa^yHaTH ca CBe BehHM o6orahnBaH>eM npncyTHor aycreHHTa

hhkjiom, a ihto ce npn xrcarjeH>y iwaHHcpecryje CHHHOBaiteM TeMnepaType 3ano-

MHH>aH.a H^eroBe MapTeH3HTHe TpaHCCpopMaiuije h CMaH>HBaH>ei« oaroBapajyher

AHJiaTOMeTpHjcKor e<J>eKTa. Obo npaKTHMHO 3naMH fla ca nopacTOM 6poja 3arpe-

BaH>a h xjiar)eH>a y crpyKrypH HcnHTHBaHor icnHKa 3aocraje CBe Beha KOJuraHHa

aycreHHTa. 3a npHMeiteHH pe>KHM 3arpeBaH>a HcnHTHBaHor maraging MCJiHKa

npeTnocraBJbeHa je cxeMa nponeca flH(})y3H0He npepacnoaejie aTOiwa Hmcna (n

,j^o6a,iTa) H3Mer)y npncyTrorx (pa3a.

y.Br.oi

Va-4. YTHUAJ MEXAHH^KOr PE)KHMA HEOOPMAHHJE XJIAJXHHX

riBAJ?>AH>EM HA IIAPAMETAP PEUIETKE IIPETXO,HHO CTAPEHE

Hfmir,ri ' AlMgSi JIEryPE

•.iiuo~.<:vj

J\. MapKOBHfa H C. CTOjaAHHOBHh

TexHUHKU (paKyA&eui, Eop

aj.id JlcniTHBaHa je npoMeHa napaMeTpa peuien<e npeTxojiHo crapeHe AlMgSi

Jierype, ca 1,04% Cu, y 4>yHKUHjH HHreHSHTCTa h creneHa «e(})opManHje. Y3opi;H

cy xoMoreHH3HpaHH, pacTBapaHH, KajbeHH (BOfla ca JieflOM) h crapeHH 10 mhh.

Ha 160°. HcffliTHBaH»e yTHnaja HHTeH3HTeTa fle(J)opManHje 6hjio je H3BefleHo

ca flBa pa3JTH*nfra pewHiwa Bajbaita, AaTHx oahocom: l<i/hsr>5 h ld/hgr=0,7

:H neTipasaHfiHTHX creneHa aecpopiwauHje. Ha ocHOBy ao6HjeHHx pe3yjrraTa MO>Ke

ce 3aKJbywHTH 3a pa3jiHKa y HHTeH3HTeTy MaKCHMajiHor Hanpe3aH>a, y kphthwhom

jnorn^ejgjpMjflpeceifyj H3Mer)y pe>KHMa ae^opiwaimje, npoH3BOAH pa3JiHKy y se-

,jmwHHH; najpaMerpy, pemeTKe. Haniwe, napaMeTap pemeTKe je 3HaTno MaiiH 3a

o^eujoc; ld)hgr=0P7c. Hero 33 oflHoc: ld/hBr>5. Obo yna3yje Ha to aa je napajwe-

Tjjp^-peinej^, .flHpe^bCTHO nponopuHOHajiaH HHreH3HTeTy ;jec})opMauHje, 3a hctii

,,yK^nHit;fCTeDej^ >;je4>ojiManHje Jierype. Man.e BpeAHOcra napaMeTpa pemeTKe,

3a oflHOc: ld/hBr=0,7, ynasyje Ha to aa pocrBapaH>e GP-30Ha, 3a BpeMe #e(pop-

Maimje, Hacraje cejieKTHBHo: ca flHCJiOKauHjaiwa ce, H3 GP-30Ha y *mpcTH pacrBop,

BHine H3HOce aTOMH Cu, Hero aTOMH Mg h Si.

[lIFI /MIT ' V-r.tA-._KJ ,

Vn-5. nPOMEHA TBP^OliE H EJIEKTPHMHOr OTnOPA AlMgSi JIE-

ryPE3rfKA3AfeHCH0<ETH 'OJli TEPMOMEXAHH^KE OEPAHE

•i^io-ja^., Maj»KWBHh h C. CrojaflHHOBHh

•RaBcruHW a j koi e;3)iooii x (PlfxVtimkit r4>to(y/riueui , Eop

' •■mr.ar •.t£sc"ii:in 'HUSMqoiirjKWT

"' ,: /Ht^THTMaH5v7^nn§OMeHa' THpiroHe" h ejieicrpiroHor OTnopa y 3aBHCH0CTH

; M^^MOM*3caHWicei:'b6^ftf: AiMgSii:ifidrype «a 1,56% Mg2Si (pa3e h 1,04%

©K;11(rA^pkcWa^a)^e^^ije^ iierVpa $p KajteHa y boah, crapeHa Ha 160°—

hW18hh., ^^i&6jiii^di^ ^^^k^%k^^m ca Asa pa3Jnrarra penauvia aecpop-

'lar^e:;'*lk&yr:^0,I7%^ Ae<i>opMairHje : 15, 30, 50, 70
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h 80%. Ilocjie fle4)opMaipije Jierypa je crapeHa Ha: 180, 220 h 250°—1 *iac.

y3opuH, aecpopMHcaHH Aiaite hhtch3hbhhjw p«khmom fle<J)opMauHje, HAiajy Behy

TBpaohy h MaH>y ejieKTpHHHy npoBO^-tHBOCT, y nopel)eH>y ca y3opuHMa kojh

cy AecpopMHcaHH HHTeH3HBHH)HM pokhmom fle^opMaunje. JJoGnjeHa pa3Jnn<a y

TBp^OhH H eJieKTpOTHOj npOBOflJIHBOCTH MO>Ke Ce, no HaUICM MHIUJbeH>y3 flOBeCTH

y Be3y ca BehHM pacrBapaH>eM 6aKpa H3 GP-30Ha, npn MaH>e HHTeH3HBHoj ae-

cpopMaqHjH.

VII-6. KOPHIU'REfibE MATEMATHMKE „CHMIUIEKC" METOPE y

OEJIACTH CHHTEPMETAJiyprHJE y IlJIAHHPAH>y H OEPAflH EKC-

nEPHMEHTAJIHHX PE3yJITATA

JX. TpacpyHOBHh, H. Henen>KOBHfa h JI. OrynapeBHh

TexHOAOWKO-Mew.aAypw.KU (paKyAtueiu, Eeoipag u TexnutKu

(paKyAuiew, Eop

npoy^aBaibe yTHuaja BHiue KoivuioHeHaTa Ha CBojcTBa cHHrepOBaHHx iwaTe-

pnjajia je Tenon npouec, 36or Mera je t3kbhx noaaTaKa nySjiHKOBaHO BeoMa

Mano. Tpawefte nyieBa npeBa3HJia>KeH>a OBor npo6jiejwa aobcjio je ao Kopnm-

heH>a MeToaa MaTeiwaTHMKe CTaTHCTHKe h encnepHMeHTajiHor miaHHpaifca, Kojn

o.woryhaBajy ao6Hjaibe Heonxo/iHHX 3aKJbyMai<a npH 3HaTHo MaaeM 6pojy enc-

nepHAieHaTa y oflHOcy Ha KJiacHMHe Ha^HHe pa^a. IlpHKa3aHa je npnAieHa MaTe-

MaraMKe „CHMnueKc" Mcrofle y oGpaaH pe3yjrraTa no6HjeHHx MepeiteM xa6aH>a-

CHHTepoBaHHX (})phkuhohhx MaTepujajia Ha 6a3H Banpa.

Vn-7. nPOMEHA BPEjmOCTH KOEOHUHJEHTA TPEHbA H XAEAH>A

<t>PHKUHOHHX MATEPHJAJIA HA EA3H 5KEJIE3A y 3ABHCHOCTH

OJX CA^P^AJA CHJIHD.HjyMJI.HOKCHJ^

H. TajiHjan h JX. TpncpyHOBiih

Hncuiuwyw, 3a xeMujy, iuexHOAoiujy u MeiuaAypiujy, TexnoAOWKO-MewaAypwKu

(paKyAiuew, Eeoipag

y paay je npHKa3aH aeo HCTpa>KHBaiba y OKBHpy paaa Ha CHHrepoBaHHM

fjjpHKHHOHHM AiaTepnjajiHAia Ha 6a3H H<ejie3a, Kojn ce KopHcre 3a paa y ycrio-

BHAia cyBor Tpeita. HcnHTHBaHa je npoiweHa BpeflHocra KoecpHUHjeHTa TpeH>a

h xa6an.a y 33bhchocth ofl pa3JiHMHTor nponeHryajiHor caflpwaja CHJiHimjyM-

flHOKCHAa-
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▼П-в. УТИ1Ш ТЕРМИЧКОГ ТАЛОЖЕША НА ТЕКСТУРУ И ВЕЛИ

ЧИНУ ЗАОСТАЛЕ УНУТРАШНЬЕ ЕЛАСТИЧНЕ МИКРОДЕФОРМА-

ЦЩЕ КОД ЛЕГУРЕ ТИПА ДУРАЛА

В. Ши)ачки-ЖеравчиЬ, М. РогулиК и В. МнленковиЬ

Машинеки факулшеш, Београд и Технолошко-мешалуршки факулшеш, Беохрад

Цил> испитиваьа у овом раду )е био да се одреди утица) термичког

таложен>а на текстуру и величину заостале еластичне микродеформаци^е

код легуре типа дурала. Легура са 4% Си, 0.6% Мд, 0,6% Мп и 0,4% 51

|е термички растварана на 520° у току I часа, кал>ена у води а затим термички

таложена на 100° у времену од I— 120 мин. Хладна пластична деформаци^а

вал>здьем са степенима редукци)е од 10, 40 и 70% се код }едне сери)е узорака

изводи после термичког таложен>а, а код друге сери)е узорака пре термичког

таложен>а. Резултати текстуре, доби)ени дифрактометарском методом, указу)у

на по)аву 220 текстуре деформаци)е код прве серите, односно 200, 400 и 31 1

текстуре рекристализаци)е код друге сери)е узорака. Величина заосталих

сластичних микродеформаци)а )е одрс1)ена по №аггеп-АуегЪасп-ово) методи

за парове рефлекси)е 1 1 1—222 и 200—400. Резултати скоро генерално по

казуху да дуже време термичког таложеша, без обзира када се изводи де-

формаци)а, доводи до вишег нивоа .мерене особине.



 

УШ. ЗАШТИТА ЖИВОТНЕ СРЕДИНЕ

СЕКЦИЈСКО ПРЕДАВАЊЕ

УШ-бР. ИНТЕРАКЦИЈА ИЗМЕЂУ ВОДЕ ИРЕЧНОГ МУЉА—ПРОЦЕС

КОЈИ ОДРЕЂУЈЕ КВАЛИТЕТ РЕЧНИХ ВОДА

П. А. Пфент

Природно-математички факултет, БеоГрад

Услед све акутнијег стања загађености слатких вода у индустријским

регионима Западне Европе, Сједињених Америчких Држава, Совјетског

Савеза и Јапана почела су почетном 50-тих година систематска истраживања

састава речних вода. Овај разлог исграживања речних вода остао је доми-

нантни за протеклих 30 година. Показало се, да је свака река индивидуални

случај . Тако је, на пример, садржај магнезијума у реци Мисисипи 54, у реци

Јордан 71, у реци Амазон 14 и у реци Маханади 46 тд/с1т3. Садржај кал-

цијума ових река је 205, 80, 147 односно 158 т§/<1т3.

Детаљније истраживање процеса у речним муљевима почело је рела-

тивно касно, почетном 60-тих година, под утицајем геохемијских истражи-

вања. Показало се, да су процеси у речним муљевима врло сложени, како

због акумулације највећаг дела аутохтоног материјала (остаци биљног и жи-

вотињског света, минералне супстанце) и алохтоног материјала (екстраховане

хуминске супстанце из приобалног земљишта, минералне супстанце, ветром

доношено лишће и поленски прах), тако и због специфичних особина тог

материјала (моћ адсорпције, јоноизмењивачка способност, редокс-потенцијал,

моћ комплексирања јона тешких метала, каталитички утицаји на разне хе-

мијске реакције). Свему томе треба још додати интензивну активност микро-

организама у муљу и процесе биоакумулације, тј. способност разних органи-

зама да у себи концентрују велике количине јона тешних метала (Н§, РЬ,

2п, Сс1 итд.).

Комплексност процеса у муљу као и хемијска индивидуалност сваке

реке главни су разлози што су хемизми у муљу још релативно мало познати.

Ипак, утврђене чињенице ће изгледа фундаментално мењати приступ у вред-

новању стања неке реке, тј., биће потребно да се поред речне воде истра-

жује и речни муљ и њихове интеракције. Један, већ класичан пример, добро

илуструје интеракцију воде и муља. Док је концентрација живе у речним

водама током скоро целе године врло мала због врло изразите биоакуму-

лације живе и њеном везивању за органски материјал, крајем зиме редовно

долази до повишења концентрације живиних једињења у речној води. Найме,

отицањем воде са градских улица после топљења снега, у реке се уноси ог

ромна количина хлоридних јона од соли за посипање улица. Услед осмот



C88

ckhx h flH(})y3H0HHx npoueca nocne oapeljeHor BpeMeHa ycnocraBJBa ce BHCona

KOHHempauHja xJiopwnror joHa y Myjty. Haj3a# ce KOMiuieKCHpaH>eM jkhbc

Koja je Be3aHa y Myjby ca xjiophahhm joHHMa (HgCl|~ h HgClg) AOJia3H j\o no-

HOBHe Mo6miH3auHje >KHBe h ao nopacra KOHuempamije >KHBe y bo^h.

H apyra npHMepH noKa3yjy Ha crajmy HHTepaKHHjy H3MeIjy pe^He BOfle

h Myjba. HcnHTiiBa&a HopMajmroc ajmaHa h HopMajomx MOHOKap6oHCKHx kh-

cejiHHa y caBCKoj boah, cycneimoBaHOM MaTepHjany h y iwyjby koa Eeorpa^a

1978. rcyjHHe noKa3yjy aa je oBaj Myji noA yTHuajeM crajraor H3Bopa yrjBOBc-

flOHHKa Ha(pTHor nopeKJia.

y 6eorpaflCKoj nnjafcoj bosh y fleueM6py 1981. ro/nme £OKa3aHO je npu-

cycTBO 41 xjiopHnx opraHCKHX jeAHH>eH>a. OBa jeflHH>eH>a cy BepoBaTHo nocrajia

XJiopoBaH>eM opraHCKHX cyncraHim Koje caBcna Bojia pacrBapa H3 npHoGajiHor

ceflHMeHTa Ha cbom nyTy Ka peHH-6yHapHMa.

TjiaBHH ir/T y TpaHCcpopMauHjH cpeHOJia y 3eMJbHuny H^e Ka H>HxoBoj hh-

KopnopaitfijH y 3eivuBHUiHe xyMHHCKe cyncraHu.e, Koje cy Bpjio cjunme xyMHH-

ckhm cyncraHuaMa pe^Hor Myjba. Mo>Ke ce npeTnocraBHTH p,a ce to hcto ^e-

uiaBa npn HHTepaKiQijH (peHona, Kojn ce yHOce y pe*iHy Boay, ca xymhhckhm

cyncTaHiiajvia pe*iHor Myjba. IlocjieaHHa Tora cy HOBe, xeMHjcKH peaKTHBHHje

xyMHHCKe KHcejinne Koje he HcnojiHTH apyraMHjy HHTepaKunjy cacacrojuHMa

pe^He BOfle.

VHI-1. MOJ^JIOBAHjE JXHCIIEP3HJE S02 H3 JXHMIfcAKA HA 3ITAHH

flOMA CHHflHKATA Y EEOrPAHY

P. C. UBHjoBHfc, C. KoHMap-'Byp^eBHh h C. jH. UBHjoBHh

TexHOAOiuKo-MeuiajiypiuKu tpaxyAiueui, Eeoipag

OopivmpaH je peayi<OBaHH xiyrpayjnMKH MOfleji crpyjaH>a h flncnep3Hje y

okojihhh JJ,oiwa cHHflHKaTa y pa3MepH 1 : 103. HcnHTaHO je noHamaifce MO^ejia

nofl yrauajeM flOMHHaHTHor BeTpa 3a 3hmckh nepnoA. H3MepeHH cy JioKajiHH

Koe<pHUHjeHTH npeHoca Mace h jioKajme KOHqeHTpauHje 3aral)HBaia Ha 3rpa£H

h y npaBuy HH3 BeTap. MepeHe cy KOHueHTpaiwje SO2 y npHpoan y3 HcroBpe-

MeHO npaheH>e MeTeopojiouiKHX ycnoBa. OapetjeHe cy TaKot)e, flHpeKTHHM Me-

peH>eM, KapaKTepHCTHKe H3Bopa. ^OBeaeHe cy y Be3y KOHHempauHje o^per}eHe

Ha MOfleny h KOHuempaHHje H3MepeHe Ha jihit/ Mecra. CjiaraH>e pe3yjrraTa yna-

3yje Ha ncnpaBHy Te3y o Ha^HHy MOflenoBaita.

V1II-2. HCITHTHBAILE 3AJEflHHMKOr MHKPOBHOJIOUIKOr T1PE-

^HIITBABAHjA PAOHHEPHJCKHX H TPAUCKHX

OTnAUHHX BOJ3A

B. ^ajiMaqHja, JX. MhujkobhH, >K. >KHBaHOB h O. IleTpoBHh

npupoguo-MauieMaiuuHKU (paKyAuieui, Hoeu Cag

y paay je ncnHTHBaHo 3ajeflHHMK0 mhkpo6hojioujko npeMHiuhaBaibe pa-

(pHHepnjcKHX h rpa^cKHX oTnaamix Bo^a, npn pa3JiHMHTHM OAHocHMa MemaH»a:



 

тм'^ш^ И2°/7°- ПРаЬе»>ем низа параметара у ш^единим
од^ен1е ^^Лаб°РаТОрИ'СКОГ ДвосгепеноГмикробиолошког аератора,

с?ЙтатГ ЛяТ. МУЛ,Э' ПОТР°Ш1ьа кисеоника и константа брзине разгради

теря на пгю^г ™ИСТИВЭН утица> лако биоразградоъивих органских ка

те^ Так0^^^ Ка° и биоразграднГа ПАМ-а у оба биореак-

и старой № технолош«и параметра процеса: време задржаван*

процесГпри п1чли1^Нм°ВУ доби'ених Резултата, дискутована )е ефикасносг

читим односима мешан,а отпадних вода.

УШ-З. ОДРЕЪИВАН>Е ПОГОДНОГ ЕЛЕКТРОЛИТА И НэЕГОВЕ ОП-

ТИМАЛНЕ КОНЦЕНТРАЦЩЕ ЗА ИЗДВА1АН>Е ДИСПЕРГОВАНИХ

МАТЕРЩА ИЗ ОТПАДНЕ ВОДЕ РАФИНЕРЩЕ НАФТЕ

С. МариЬ и Ж. Живанов

Природно-машемашички факулшеш, Нови Сад

У цшьу одре!)иван>а погодног електролита за коагулаци)у дисперго-

ваних органских матерща из отпадне воде рафинери)е нафте, испитано )е

детство електролита ко)и дисоци)аци)Ом да)у вишевалентне ]оне. Испитано

су алумини)умсулфат, алумини^умхлорид, гвож^е(Ш) хлорид, гвож!)е(11)

сулфат, калци)умхлорид и кали)умхлорид, сваки са по шест концентраци)а.

На^ено )е да електролити са тровалентним катрнима да)у на)бол>е резултате.

УШ-4. ПОКРЕТЛ>ИВОСТ ОРГАНСКЕ СУПСТАНЦЕ ПРИОБАЛНОГ

САВСКОГ СЕДИМЕНТА СА ЛОКАЛИТЕТА НОВИ БЕОГРАД

]. ЧучковиЬ, П. А. Пфент и Б. Петрос и Ь

Природно-машемашички факулшеш, Београд, Инсшишуш за хемщу, гйехно-

логщу и мегйалурщу, Београд и Термоценшрала „Никола Тесла", Обреновац

{Термо Б)

Седименти по)единих формаци]а обале Саве на подруч)у рени-бунара

садрже органске супстанце у количини од неколико тд/& седимента. У оквиру

.дне шире студите природе органске супстанце у приобалном седименту

Саве испитивана )е покретл>ивост ове супстанце под утица)ем воде. Ово

)е важно с обзиром да се цршьенъем воде из рени-бунара успоставл>а ин-

тензиван флукс воде кроз седименте према обали. Узорци су узимани марта

1982. године, на обали код Новог Београда. Изведени су огледи статичке

десорпци)е, паралелно са бидестилованом, пи)аЬом и савском водом у току

96 ч., на 20°С. НРК органске супстанце ко)а се растворила износи 0,1—0,7

т%1% седимента. Количина органске супстанце екстраховане хлороформом

из добивених водених раствора износи 330—487, 203—387 одн. 0—226 (х^'е

седимента. Ме^утим, код савске воде у неким случа)евима преовладава ад
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сортпф над десорпци)ОМ. Мале разлике ефекта растваран>а бидесгиловане

и тфЬе воде су вероватно последица разлике рН и )онске силе ових агенаса.

Дискуту)у се утвр^ени ефекти у зависности од врете седимената и расто-

од Саве.

УШ-5. ХЕМЩСКЕ И МИКРОБИОЛОШКЕ КАРАКТЕРИСТИКЕ ДУ-

НАВСКЕ ВОДЕ КОД НОВОГ САДА

Ж. Живанов, С. Капор, 3. Хаии, С. МариЬ, Е. КарловиЬ, Б. Далмаци^а,

Л>. Дивл>ак, О. ПетровиЬ, Р. Халаши, ]. 1ан>иЬ и Л>. ЧонкиЬ

Лриродно-машемашички факулшеш , Нови Сад, Инсшишуш за йримену пу

клеарне енерще у йолойривреди и шумарешву, Земун и Лаборашори]а РКО

„Водовод и канализацща", Нови Сад

У склопу проучаваша могуЬности припреме дунавске воде за пике

■систематски )е узрокована вода у близини евентуэлног водозахвата. Савре-

меном методологиям су у узорцима одре!)ивани основни хеми^ски и био-

хеми)ски параметри, органска и неорганска микрозага!)ен>а, као и микро-

биолошке карактеристике. Испитиван>а показуху да пут до пи)аЬе воде, с

обзиром на садржа) различитих матерка, неЬе бити лак.

УШ-6. АКТИВНЫ УГАЛ, КАТАЛИЗУ1Е ОКСИДАЦЩУ ОРГАНСКИХ

МАТЕРЩА У ДУНАВСК01 ВОДИ

3. Ханн, Е. КарловиЬ, С. Крчмарик, С. МариЬ, Б. Далмагцф, О. ПетровиЬ

и Ж. Живанов

Природно-машемашички факулшеш,, Нови Сад

Проучавана )е могуЬност оксидаци)е органских матери)а у дунавско)

води хлором и ваздушним кисеоником. Показало се да се релативно мали

део органских материна оксиду)е овим путем. У присуству активног угл>а

у праху или гранулованог ова оксидаци)а тече брзо и ефикасно. Количине

органских материна, ко)е се том приликом разложе, знатно премашу)у оне

ко)е се могу адсорбовати, што и показу)е да адсорбенс катализу)е процес

н>ихове оксидаци)е.
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УШ-9. ФЛОТАЦЩА ХИДРОКСИДА БАКРА ПОМОЪУ РАСТВОРЕНОГ

ВАЗДУХА У ПРИСУСТВУ Ыа-ОЛЕАТА

Ж. Живанов, Е. КарловиЬ, Д. МишковиН, Б. Далмаци)а и Л>. ]осиК

Природио-машемашички факулшеш, Нови Сад

У раду )'е испитивана дисконтинуална флотащф преципитата Си(ОН)е

применом технике растворении ваздухом у присуству колектора Ыа-олеата.

Посебно )е испитиван утица) рН на искоришКеае флотаци)е као и на ки

нетику издва)ан>а преципитата. Ова испитиваша су показала да )е оптимално

рН у интервалу од 7 до 9. Максимална искоришЬен>а флотаци)ом се постижу

при рН 9.

УШ-10. УТИЦА1 ФЕНОЛА НА РАСТЕЬЬЕ МЛАДИХ БШЬАКА ПШЕ

НИЦЕ У ЗЕМЬИШТУ

С. Благо^евиЬ и П. А. Пфент

Природно-машемашички факулшеш, Београд и Полюйривредни факулшеш,

Београд

Фенолна )един>ен.а се све чешКе )авл>а)у као зага1)ивачи животне сре

дине. С обзиром на могуЬност зага!)иван>а значащих би.ъних култура фе-

нолима приступили смо испитиван>у утица)а различитих фенола на растеше

пшенице. Ранено )е са следеЬим фенолима: фенол, 2,6-диметил-фенол, 4-терц.

бутил-фенол и 2-нафтол. Фенол и два алкил-фенола су при.мен>ени у кон-

центраци)'ама од 300 и 500 тд/к§ зешьишта, а 2-нафтол у количинама од

200 и 300 т%\\% зешьишта. Поред огледа са фенолима поставл>ен )е и кон-

тролни оглед (билже пшенице у землишту без фенола). Утица) фенола на

растение бшьака пшенице )е одре!)иван мерешем дужине и масе надземног

дела бил>ка а резултати су изражени у индексима дестимулативног де)ства.

Резултати показуху: 1) Утица) испитиваних фенола на пшеницу под условнма

огледа ]е различит. Найме они се у погледу свог штетног де)ства према пше-

ници могу поре^ати према следеЬем редоследу: 2-нафтол > 4-терц. бутил-

-фенол > 2,6-диметил-фенол > фенол, т). са опадаиьем молекулске масе.

2) Са порастом временског размака од додатка фенола углавном опадавред-

ност за индекс дестимулаци)е.
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Vm-11. HHTEPnPETAUHJA <PEHOMEHA PACITPOCTHPAH>A 3ArA-

'bhba^ia no Tjiy y nPHcycTBy bhcoke befetauhje aoehbe-

HHX OH3HMKHM MOJJEJIOBAIfcEM IIOMORy AflCOPnUHOHE

METOPE

O. M. GrojaHOBHh h C. KoHtiap-'ByprjeBHh

TexnojiotuKo-MeuiajiypiuKU (paKy.iiueiu, Eeoipag

Ilojia3ehH ofl Haiimx SpojHHx paaoBa, KojH ce oflHOce Ha npoy*iaBaH>e

pacnpocTHpaita 3araaa y npHcycrBy bhcokc BereTaimje, noiwohy 4>H3ira<or mo-

AciOBaita, arywehn ce flHHaMHMKOM aacopnunjoM, perHcrpoBaH je HH3 $eHO-

MeHa koj'h Tpa>Ke o/iroBapajyha o6jaiuH>eH>a. Kao npoH3BOfl OBaKBor HcrpaH<H-

uaita, y XHflpayjiHMKHM naHajiHMa, noMohy aacopnuHOHe Meioae floSnjajy ce

„a,ncopnuHOHH xpoiwaTorpaMH". To cy ahh3mhukom aacopnimjoM o6ojeHe noBp-

iHHHe oSjeKaTa npejrxoflHo npeBy*ieHHx (J)hjimom CHJiHKa rejia. y obom paay

HCKJbyMHBy na>KH>y cmo oBpaTHJiH Ha aacopnuHOHe xpoMaTorpajvie TJia kojh Ha-

crajy y npHcycrBy apBeha. Ilpn OBOMe je HarjeHo jja nocrojH paanHKa H3Mer)y

xpoiwaTorpajwa AOOHjeHHx no^ jiaMHHapHHM oahocho TypGyjieHTHHM ycnoBHMa

CTpyjaH>a pacrBopa. HarjeHo je aa xpoMaTorpaAui nojeflHHaMHor hjih rpynnor

ApBeha HAiajy pa3JiHMHTe oCjiHKe ujto 3aBHCH oa oGjiHKa KpyHa, npocropHor

pacnope/ia h MerjycooHor pacrojaH>a 36or HHTepaKimje noje/nuraiHHX crpyjHHx

iiojba oko MOAena flpBeha. Cjry>KehH ce aonyHCKOM tcxhhkom noKyuiajiH cmo

j\a OBe cno>KeHe (j)eHOMeHe oSjacHHMo Be3yjyhn hx 3a npocropHa crpyjHa h;ih-

(py3Hona noJta.

VIU-12. nPOy^ABAH>E crpyjHor IIOJbA SATA-BEHOr BA3j;yXA

OKO MO^EJIA ITPH3MATH^HE 3rPAHE

C. KoHMap-"Byp5eBHh, A. JJeKaHCKH, C. MHJiojeBHh h M. <t>njiHnoBHh

TexHOAOuiKo-MeiuaAyptuKU (paxyAuieui-, Eeoipag

IlpoytiaBaifee crpyjHor nojba oko npH3MaTHHHHX o6jeKaTa HMa HeocnopaH

3Haiaj, nouiTo BehHHa rparjeBHHCKHX apxHreKTOHCKHX o6jeKaTa HMa npH3Ma-

THMaH o6jihk. OBa npoyyaBanba cy BpuieHa Ha o6jeKTHMa „in situ", Kao h Ha

MOflejiHAia y aepoflHHaMHMKHM TyHejiHMa h XH/rpayjiHiKHM KaHajiHiwa. y HaiueM

pa;ry OBa npoynaBaifea cy BpuieHa y xH^paynHMKoiw KaHajiy, npn ^esty ce cjiy-

>khjio flHHaMH^KOM aflcopnuHOHOM MeTOflOM h npHMeHOiw TexHHKe o6ojeHor MJia3a.

PaAH 6ojber npocropHor yno3HaBaH>a CTpyjHHX nojba yBoljeHe cy h jjonyHCKe

noBpuiHHe no KojHMa ce BpuiHJia aacopniuija. Ha ocHOBy flo6njeHHX aflcopn-

ithohhx xpoMaTorpajwa peKOHCTpyncaHa cy flH(}>y3HOHa, oahocho crpyjHa noiBa.

IIoKa3ajio ce Kao floSpo #a ce oflpefjeHe crpyjHHue npHKa3yjy y aKCOHOiweTpHj-

ckom KOop^HHaTHOM cHcreMy. Pe3yjiTaTH flo KojHX cmo flouiJiH cjia>Ky ce ca pe-

3yjiTaTHMa flpyrnx ayropa, c thm iuto cmo 3axBaJi>yjyhH aacopnuHOHoj MeroflH

Morjra aa ynoTiryHHMO OBa 3Has>a h npeiuraHHje hx o6paflHJiH. Ilopefl CTpyjHor

nojba oko caMor oSjeKTa, oSyxBaTHJiH cmo h rjejioKyrmy 30Hy noMepafta H3a &era.

IIoKa3ajio ce ,11a H>eHa crpyKTypa h o^roBapajyhe flHMeH3Hje 3aBHce o,n Reynolds-

-OBor 6poja.
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Vm-13. HHTEPITPETAUHJA OEHOMEHA PACITPOCTHPAH>A 3ArA-

"BHBAHA flOEHBEHHX ME*BYCOEHOM HHTEPAKUHJOM BHCOKE

BErETAUHJE H HEOHHX 3HJI.OBA rPA"BEBHHA, nPH OH3HMKOM

MOAEJIOBAH>y A^COPnUHOHOM METOiJOM.

C. KoHMap-"BypI)eBHh h O. M. CrojaHOBHh

TexHOAOiuKO-MeuiaAyptuKU ipaxyAuieui, Eeoipag

y obom paffy noKyuiajiH cmo (pH3HHKH aa o6jacHHMO aflCopnuHOHe xpo-

MaTorpaiwe no qeoHHM noBpuiHHaMa Koje cmo aoohjih npHMCHOM a^copnuHOHe

MeTOfle Ha cJmshmkhm MOflejiHAia. Y crpyjHOM CHcreMy: BiicoKa Bereraimja —

MeoHH 3Hfl 3rpaae. IIoKa3aJio ce jx& Ha oSjihk xpoMaTorpaMa yTHne o6jihk KponiH>e

pe>KHiw crpyjafta cpjiynna Kao h pacrojaH>e H3Aiet)y o6jeKaTa. CjiyjKchH ce 30-

nyHCKHM TexHHKaMa Hcrpa>KHBaH>a : npHAieHOM noiwohHHx aacopnuHOHHx paBHii

h oGojeHor MJia3a ao6Hja ce noinyHHja cjiHKa crpyja&a a npeno H»e h uejiOBii-

THja npeflcraBa o cjiokchhm npocTOpHHM 36HBaH»HMa HacrajiHAi y npncycTBy

npoy«iaBaHHx o6jei<aTa.
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1-3. ЕРРЕСТ ОР ТНЕ СЕОМЕТКЛСАЬ ССЖРЮиКАТКЖ ОР

ЗОиАКЕ-РЬАЫАК. СОМРЬЕХЕЗ ОИ ТНЕ1К ЛгУАШЕЗ

Т. У ]ап]Н:, I. Ц. ТеШ апй М. В. Се1ар

Расхйгу о/ Зсгепсе, Ве1ргас1е Цпюегпсу, Ве1цгас1е

1пуе$П|*а11п§ (Ье ейес! оГ 1Ье сопП^игаиоп оГ зоте тог^атс а$-1гап$

18отепс сотр1ех сотроипс-з оГ Со(Ш), Сг(Ш) апс! Рг(П), гезресиуе1у, оп гЬе1г

ЛгУа1иез, ЗгеГагкмс апс! езгаоИзЬес! а ги1е гпа1 т гпе рарег спготаю-

ВгарЬу оГ тог^атс 18отепс сотр1ехез оГ 1пе саиошс туре, тпе аз- 18отегз ехЫЫс

Ы^Ьег /?г-Уа1иез гпап гпе соггезропат^ сгат-опе§. Ьагег, Се1ар ее а/.2 Гоиипс!

Лаг *Ыз ги1е \уаз уаПс1 Гог сотркхез оГ 1пе ашогис апс- пешга1 гуре аз мге11. 5шее

сотр1ехез туезидагес! т гпе аЬоуе-тепгхопес! рарегз роззеззес! ап оаапес1га1

сопПдигаиоп, ехсерг т опе сазе, т гЫз рарег >уе \уатес! Ю езсаЬНзК лупеЛег

гЫз ги1е «газ а1зо уаНс- Гог сотр1ех сотроипаз масЬ зяиаге-р1апаг сопПдигагшп.

8еуега1 Рх(П) апс! Рс1(11) сотр1ехез о* гЬе саиогис ап(1 пешга1 гуре \уеге зупше51-

г&1, апс1 п \уаз езгаЪНзпес! *па1 гНе аГоге-тепиопес! ги1е \уаз а1зо уаИс! Гог зциаге-

-р1апаг сотр1ехез.

1 О). $1еГапоот1 апА Т. ]. }ап)И, Апсй. Скоп. Асш, 11, 550 (1954) С). 51ейиктс апа

Т. ]. ]ап)И, АпЫ. СЫт. Лею, 19, 488 (1958) С). 51ейикте, Т. ]. ]яп\И апй ]. Пппи*у1)с\И,

ВиЦ. АсоА. ЗегЬ. 5а., 25, 155 (1959)

2 М. В. Се1ар, М. I. МаИпаг, 3. Зале, Т. ]. ]ап)И апЛ Р. N. Каам>)«а, ./. СЪтотоюрг.,

1-4. ШУЕЗТЮАТЮК ОР СНКОМШМ(Ш)

АЫЭ ТК1МЕТНУЬЕКЕВ1АМШЕ-К,Ы'-01АСЕТ1С АСГО СОМРЬЕХЕЗ

Б. 3. Уезе1тоУ1С, 8. А. ОгиОД 5. К. ТпГшктс апс! Б. ]. Кас!апоУ1С

Расику о/ Зсгепсе, Ве1§гас1е Цптегпсу, Ве1§га<1е апЛ Раси11у о/ Зсгепсе, Кга^и^еиас

С/ишегя'гу, Кга^щеьас

ЗрестгорЬоготетс теазигететз зпо\уес1 гпе Гогтаиоп оГ а сотр1ех

сотроипс- дуЫсЬ Ьас1 аЬзогрпоп тахипа ат 512 апс! 382 пт аг рН х 2.8. ТЬе

сотрозкюп оГ 1пе сотр1ехез \уаз аегеглипес! Ьу гпе }оЬ тегпос!. 1г \уаз Гоипс!

Лаг гпе сотр1ехез чуеге Гогтес! уиЛ тпе гагю 1щгпй: Сг(Ш) = 1:1 апс< 2:1.

1-5. ТНЕ ВЕНАУЮЦК ОР СОРРЕК НУБКОХУОЕ Ш ЗОБШМ

сньокгое зоьитюы

2. Рау1оУ1С апс- М. Масапоу1с

Расику о/ ТесНпо1о§у, Ваща Ьика Цпюегшу, Ваща Ьика апЛ 11Ы1СЕР, Ваща 1мка

чгетз С0П818ГШ8 оГ Си(ОН)гз — аяиеоиз зоШс^оп оГЫаа Ъа\\п.% рН-уа1иез

п(1 КаС1 сопсепГгаГ10пз 0.1—4 то1 (1т~3 мгеге ехапипес- Ггот 1Ье
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1-8. СОЫТШВиТЮК ТО ТНЕ ЕХРЬАНАТКЖ ОР АММОМШМ N1-

ТКАТЕ СНАМСЕ5 ЭЦКПГО ЕХАМШАТЮИ ВУ 01РРЕКЕЫТ1АЬ

5СА№4ШО САШКШЕТКУ

С. КазиНс, 8. }о\япо\{6, Ц. МИапоуЁс

Оттай 1п6ш1гу „Рапёеьо", РапЕеоо

Ргот 1854 ир ю по\у, сгузга! ггапзГогтаиопз оГ аттошит пкгаге Ьауе

Ьееп 1Ье зиЬ^ес! оГ питегоиз шуези$аиопз ипс! шЙегет гесЬшяиез Ьауе Ьееп

изес1. 1п гЬе 1азг геп уеагз гЬе тесЬскк оГ шЙегепиа! гЬегта1 апа1уз13 апс! сиЯГе-

гепиа1 зсапшпд; са!опте1гу Ьауе дошей 1троггапсе т с1егегттаиопз оГ сгуз*:а1

1гапзГогтаиоп гетрегашге ап<1 епгЬа1ру, аз ше11 аз гЬе зреаПс гЬегта1 сараслгу

оГ шЙегет сгузЫ Гогтз о? 1Ыз за11. Ношсуег, сШТегепсез Ьауе Ьееп оЬзепгес1

п гезиЬз оГ 1Ье зате затр1ез Ьу сЬТГегеппа1 1Ьегта1 апа1уз18 апс1 шЯегепиа1

зсапгапб са1опте1гу. ТЬе анп оГ 1Ыз рарег \уаз го ёеПпе гЬе шПиепсе зоте

ехрептепга1 сопшгюпз го гЬе ОЗС сигуе зЬаре, пате1у, го 1Ье аттошит т-

ттаге сЬапдез с1ипп§ 1Ье туезн^аиоп ргосезз.

1-9. ЗиЬРНАТЕ ШРЫШМСЕ ТНЕ РНУ51СО-СНЕМ1САЬ

РКОРЕКТ1ЕЗ ОР ЫМЕ АММОМШМ ШТКАТЕ

N. МИоЗеу, О. КазиНс, 2. .[оуапоук, О. Кас1о5ау1)еу1с апс! ]. Ра1

СНетка1 1пАи$1гу „Рапсссо", Рапсегю

1п 1Ье Пте аттошит пкгаге ргойисиоп ргосезз \уЫ1е пихт)? аттошит

пкгаге тек апё §гоипс1 Нтезгопе, гЬеге а1зо рагиаНу арреагз гЬе геасиоп Ьегу/ееп

гЬе сотропетз:

2ЫН4МОз + СаСОз -> Са(ЫОз)2 + 2ЫНз + СО* + НгО.

ТЬе а птоша, оп§тагт& Ггот гЫз геасиоп, хз зерагатес! апс! 1оз1, апс! са1с1ит

пкгаге 18 1е& т ТЬе ргос1ис1 тсгеазтд 1(8 Ьу^гозсоркку. Оиг ргеуюиз туезгд^а-

поп8 «■*■ н\ес! *Ьа1 зшрЬа^е юп асИтоп (о аттошит пкгаге тЫЬкз гЬе оЬзегуес!

га- це зиЬ)есг оГ гЫз ууогк ууаз гЬе туезп§аиоп, оп ап тс1изта1 зса1е,

1е юп тПиепсе, ас1с1ес1 то аттошит пкгаге т зи1рЬипс аск1

^Ьузко-сЬеписа! ргоретез о* Пте аттошит пкгаге.
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tibility to a determined type of cement (PC 20 Z 45, manufactured in Beocin).

The characteristics of all the involved components: aggregate, cement, water and

admixtures, as well as the influence of the superplasticizer on the cement and

concrete are shown. The following results are obtained and shown: water — reducing

with the same consistency of the cement paste, setting time and mechanical strength.

All of these are shown for three different quantities of added superplasticizer.

A test of the influence of the admixture — superplasticizer on the concrete was

carried out. The concerete specimens were made with three different water/cement

ratios using the same quantity of cement, maintaining the same consistency, in

order to determine the mechanical characteristics as well as the water-stiffness.

The results of this experimental research supply us with useful data for the applica

tion of cement with admixtures.

1-20. PRODUCTION OF BUILDING BRICKS WITHOUT DRYING

AND SINTERING

S. Isakovski and S. Kovacevic*

Faculty of Technology, Novi Sad University, Novi Sad

The paper deals with results of investigations carried out to obtain new

sorts of building bricks from clay, cement, phosphor gypsum, pyrite inder without

dryingand sintering. Results have shown that this new building material can be

used instead of conventional building bricks.

1-21. KINETICS AND MECHANISM OF THE INITIAL STAGE OF

COPPER POWDER SINTERING

M. MiloSevski

Faculty of Technology, Skopje University, Skopje

The sintering mechanism of active powders is a very significant problem

in the contemporary theory of sintering technology. In this paper, the sintering

kinetics of active copper powder, obtained by the reduction of copper oxide, was

studied. The sintering was carried out under non-isothermal conditions. Using

a model it was shown that the mechanisms of diffusion slipping along the grain

boundary was responsible for the material transport in the initial stage of the

sintering process.



3L ORGANIC CHEMISTRY

M-L THE REACTION OF A4-ALKENYL BENZYL ETHERS WITH

N-BROMOSUCCINIMIDE

M. Lj. Mihaitovic, S. Konstantinovic, Z. Radosavljevic and A. Teodorovic

Faculty of Science, Belgrade University, Belgrade, Institute of Chemistry, Technology

andMetallurgy, Belgrade, and Faculty of Science, Kragujevac University, Kragujevac

The reaction of some A4-alkenyl benzyl ethers with oxidizing agents which

also effect cyclization of the corresponding A4-olefinic alchohols (N-bromosuc-

cinimide, peracids, etc.), was investigated. It was found that, for example, in the

reaction with N-bromosuccinimide cleavage of the ether bond and intramolecular

cyclization of the so produced A4-alkenyloxy radical fragment occurred. In addi

tion to benzyl derivatives (benzyl bromide, benzyl alcohol, N-benzylsuccinimide),

as reaction products cyclic ethers of the tetrahydrofuran and tetrahydropyran

type were isolated, these ethers also being formed in the cyclization reaction of

the respective A^-alkenols with the same reagent. It was also found that A4-alkenyI

alkyl ethers did not react under these experimental conditions.

n-2. CYCLOPROPANATION BY THE COMBINATION OF MICHAEL

ADDITION AND INTRAMOLECULAR ALKYLATION REACTIONS

2. Cekovic and R. Matovic

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

The synthesis of polysubstituted cyclopropane derivatives, constituents of

many natural products as well as of some important synthetic compounds, can

successfully be achieved by combining Michael addition and intramolecular

alleviation reactions. Michael-type addition of the nucleophilic species, such as

the cyanide anion, to the alkylidene derivatives of active methylene compounds

containing a good leaving group (e. g. bromine) at the allylic position affords poly

substituted cyclopropane derivatives in one pot reaction. By application of this

synthetic method ethyl l,2-dicyano-3,3-dimethyl-l-cyclopropanecarboxylate was

obtained in 78% yield. By a known synthetic reaction this compound was trans

formed to the key intermediate in the synthesis of pyrethroid insecticides.
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II-3. REACTION OF CYCLIC ^-UNSATURATED CARBOXYLIC ACIDS

WITH DIAZODIPHENYLMETHANE IN ETHANOL

G. Nikolic, V. Krstic and M. MuSkatirovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In connection to a study of the reactivity of a, (J-cycloalkenylcarboxylic

acids, the reaction with diazodiphenylmethane in ethanol was applied. The rate

constants for a,(l-cyclopenethyl, cyclohexenyl and cycloheptenyl carboxylic acids

with DDM were determined. The obtained results were compared to the rate

constants for |3,Y-cycloalkenylacetic acids. The effects of the double bond on the

reactivity of cycloalkenyl systems were discussed.

II-4. INVESTIGATION OF THE REACTIVITY OF SUBSTITUTED

PYRIDINE AND PYRIDINE-N-OXIDE CARBOXYLIC ACIDS WITH

DIAZODIPHENYLMETHANE IN DIMETHYLFORMAMIDE

M. MiSic—Vukovii, M. Radojkovic—Velickovic, M. Jovic and J. Galovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Rate constants of a series of m- and p-substituted pyridine and pyridine-N-

-oxide carboxylic acids with carboxyl groups in positions 3- and 4- of the corre

sponding nuclei, in the reactions with diazodiphenylmethane in dimethylformamide

were determined. Log rate constants for acids with a wide range of substituent

effects, correlated with additive a constants (Hammett er constants for substituents

plus a values for the pyridine aza-group and N-oxide group) yielded a curvilinear

relationship. Differences in the structure of the transition state were discussed

as a result of substituent effects. The reactivity of p-substituted 2-carboxylic

acid N-oxides in the same solvent indicated the existence of a strong interamole-

cular hydrogen bond and the effect of substituents on its stability.

II-5. PROTECTION OF a-BROMO ACIDS WITH THE GRIGNARD

REAGENT: DIRECT SYNTHESIS OF ^-HYDROXY ACIDS BY THE

REFORMATSKY REACTION

S. Pavlov, M. Bogovac, L. Arsenijevic i V. Arsenijevic

Faculty of Pharmacy, Belgrade University, Belgrade

It was found that a-bromo acids treated with an equivalent amount of ethyl-

magnesium bromide can be used directly in the Reformatsky reaction giving rise

to (J-hydroxy acids. The yields of this reaction are better than in the classical Re



C 109

formatsky reaction where a-bromo esters often react mutually thus reducing the

yield of fj-hydroxy esters. Classical solvents for the Reformatsky reaction (benzene

and ether) are not suitable since the bromomagnesium salt of the a-bromo acid

does not dissolve in those, whereas THF proved to be a very good solvent.

n-6. PREPARATION OF ALDEHYDES FROM LITHIUM (OR SODIUM)

FORMATE AND ORGANOMETALLIC COMPOUNDS

M. Bogavac, L. Arsenijevic, S. Pavlov i V. Arsenijevic

Faculty of Pharmacy, Belgrade University, Belgrade

By heating lithium (or sodium) formate with a Grignard reagent in THF,

aliphatic and aromatic aldehydes in yields of 70—80% were obtained. Similar

yields were obtained with alkyl- or aryl-lithium compounds in place of the Grignard

reagent. If(CH3)2CBrCOOMgBr and zinc were used as reagents, dimethylformylace-

tic acid was obtained in a yield of about 50%.

D-7. ACID-SENSITIVE ESTERS IN THE DIRECT SYNTHESIS OF

P-HYDROXY ACIDS

L. Arsenijevic", M. Bogavac, S. Pavlov and V. Arsenijevic

Faculty of Pharmacy, Belgrade University, Belgrade

Different 1-alkoxyalkyl esters, which are stable in aprotic solvents but readily

undergo acidic hydrolysis, were investigated as possible reagents for the direct

synthesis of ^-hydroxy acids in the Reformatsky reaction. These esters are readily

prepared in quantitative yields by short treatment at room temperature of a-bromo-

acids with one of the commercially available alkylvinyl ethers or enol ethers. Esters

obtained in this way may be used in the Reformatsky reaction without further

purification if the reaction mixture is cooled to 0°C at the start and later stirred

at room temperature until all the zinc has reacted. The reaction mixture is then

treated with dilute mineral acid wich liberates the corresponding (J-hydroxy acids

in a very good yield.

n-8. SYNTHESIS OF N-ETHYLAMIDE PHENYLACETIC ACID

S. Petrovic", N. Stojanovic, O. Stojanovid and N. Kobilarov

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Various methods were used for the synthesis of N-ethylamide phenylacetic

acid. The best results were obtained by aminolysis reactions. Water solutions

of ethylamine were used for the reactions with different reactant molar ratios.

The obtained results of various synthetic methods were compared.
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n-9. THE CONFORMATIONAL ENERGY OF POLY-

(o-METHYL STYRENE)

M Plavsic

Faculty of Technology and Metallurgy, Belgrade University. Belgrade

The analysis of energy levels of poly(o-methyl styrene) is given including

energy maps elaborated in detail. The calculated results obtained are compared

to corresponding maps for poly(styrene). A pronounced change in the energy

levels is evident, as well as a distorition of the symmetry of the maps for diads

with the substituents in antiparallel positions. The calculation of the energy maps

was performed according to the procedure established by P. J. Fk>ry and cowor

kers, on an IBM 1130 computer at the Faculty of Technology and Metallurgy

i n Belgrade.

II- 10. THE CONFORMATIONAL ENERGY LEVELS OF POLY-

(DITOLUYL ITACONATE)

M. PlavSic" and J. Velickovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Toluyl esters of itaconic acid have three steric isomers, with methyl groups

in the ortho, nteta or para positions of the benzene ring. The polymers exhibit

slight differences in solution behaviour, which are also reflected in the differences

of the unperturbed dimensions. To explain these differences it was assumed that

structural isomerism influences the conformational variability and thus also the

stiffness of the chain. From the literature it is known that in vinylidene polymers

only particular states of the diads are of special interest and therefore a comparison

of such discrete energy levels was carried out. The interaction of selected pairs,

especially of those including the methyl group> confirm: the assumption of the

steric effects in these polymers.

n-11. INVESTIGATION OF THE THERMAL DEGRADATION

OF POLY(DI-ITACONATES) BY INFRARED SPECTROSCOPY

J. Velickovic and I. Popovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Changes occurring in the structure of some poly(diitaconates) when exposed

to increased temperature were observed in this study. Degradation was carried

out in air, vacuum and a stream of pure oxygen in the temperature interval of

155° to 230°C in the duration of 30 to 240 minutes. The changes in polymer struc

ture were registered by means of infrared spectroscopy as well as by solubility
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tests and limiting viscosity number determinations. Possible interpretations of the

denoted changes were discussed. Experimental evidence indicates the possibility

of the interamolecular formation of a five-membered anhydride ring and the

detachement of a cycloparaffin. Calculation of the ceiling temperatures of

poly(di-itaconates) by means of thermochemical data was also carried out.

D-12. MECHANOCHEMICAL REACTIONS OF RUBBERS

R. Rist c and J. Velickovic

Chemical and Rubber Industry „Miloje Zakic", — KruSevac, and Faculty of

Technology and Metallurgy, Belgrade University, Belgrade

The chemical behaviour of rubbers in mechanical processing was studied

(mixing in an internal mixer). It was found that under these conditions rubbers

are not chemically inert, because stress-induced mechanochemical reactions take

place. It was proven that mechanochemical reactions have two steps : The first

step is a mechanical rupture of the macromolecule, i. e. chemical covalent bond

which forms two macroradicals; The second step is a reaction of macro-radicals

between themselves and with radical-acceptors. The influence was studied of the

double bond, phenyl and nitrile groups on the mechanochemical reactions of rubbers.

It was found that inter-molecular cohesive forces and molecular mass, on one

hand, and mechanichal stress on the other hand are the basic parameters of the

first step of mechanochemical reactions. The second step of the mechanochemical

reactions is a function of the activy and concentration of the radical-acceptors.

The following radical acceptors are studied: oxygen, stabilizers, plasticizers and

monomers, the possibility of mechanical initiation of the graft and block-copolymer

synthesis is proven.

n-13. INFLUENCE OF TEMPERATURE ON POLYDISPERSION

CHANGES IN THE PROCESS OF ALKALICELLULOSE AGING

J. Danhelka, M. Teodorovic" and Lj. Majdanac

Institute of Macromolecular Chemistry, Prague, and

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The redistribution of the molecular content of alkalicellulose in the course

of aging at temperatures of 35, 50 and 65°C and in the interval of 0 to 24 hours

was investigated. For alkaline treatment hardwood cellulose obtained by the sulphate

procedure with prehydrolysis was used. The initial degree of polymerization of

the cellulose was 750 and 514. After aging the alkalicellulose samples were washed,

transformed to tricarbanylate and fractionated by the GPC method.
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D-14. DEGREE OF CYCLIZATION AND OXIDATION DURING

THERMAL TREATMENT OF PAN FIBRES'

D. Spaseska and M. Bakalovska

OHIS, Skopje and Faculty of Technology. Skopje University, Skopje

For the production of high-quality carbon fibres from PAN the precursor

fiber is thermally stabilized prior to carbonization in air at temperatures up to

300°C which leads to flame-resistant fibers by cyclization and oxidation reactions.

In this work, the change of fibre properties during thermal treatment varying

several parameters was observed.

11-15. EVALUATION OF THE EFFECT OF ADSORBENTS ON THE

HYDROGENATION OF VEGETABLE OILS

2. VrbaSki, K. Vranac, M. Budincevic and Dj. Canadi

Faculty of Science, Novi Sad University, Novi Sad

The influence of the pretreatment of rapaeseed oil with different adsorbents

based on activated clays on the rate of its hydrogenation was examined. Both

raw and neutral rapeseed oils were subjected to hydrogenation in the presence

of three domestic and one imported adsorbent. The hydrogenations were carried

out in a laboratory reactor under normal hydrogen pressure. The hydrogenation

course was monitored by determination of the refractive index. The obtained

results indicate the influence of different adsorbents on colour changes and hydro

genation rates of the vegetable oils.

H-16. PREPARATION AND QUALITY IMPROVEMENT OF ESTERS OF

HIGH FATTY ACIDS AND HIGH FATTY ALCOHOLS

2. VrbaSki, M. Budincevic, Dj. Canadi and K. Vranac

Faculty of Science, Novi Sad University, Novi Sad

The results of experiments of esterifications of high fatty alcohols with

high fatty acids are given. The esterifications were made in order to obtain products

which can be used as synthetic waxes. In the experiments alkaline catalysts and

catalysts based on metallic salts with the azeotropic removal of water from the

reaction system were applied. In order to improve the quality of the obtained

products, the bleaching procedure and neutralizations of the excess of free fatty

acids were carried out. An evaluation of the possibilities of preparing and applying

the obtained esters in industry was presented.
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D-17. BLEACHING OF DISTILLED ANIMAL FATTY ACIDS

2. VrbaSki, Dj. Canadi, K. Vranac, and M. BudinCevid

Faculty of Science, Novi Sad University, Novi Sad

Distilled animal fatty acids were treated with adsorbents in order to obtain

quality improvement in colour and to remove the small amount of catalyst poison.

This treatment enables better results during hydrogenation. The adsorbents used

in these experiments were the domestic activated clays Terafin metilit and Terafin

SA and the imported clay Tonsil standard FF. It was found that the domestic

clay Terafin metilit satisfies the required conditions, and shows results completely

comparable to results obtained using the imported adsorbent. In this work the

influence of the adsorbent concentracion on the decolouration of fatty acids was

exa,omed.



m. PHYSICAL CHEMISTRY AND ELECTROCHEMISTRY

m-1. THE INVERSE PROBLEM OF CHEMICAL KINETICS

I. Gutman

Faculty of Science, Kragujevac University, Kragujevac

The inverse problem of chemical kinetics is the reconstruction of the overall

(time-independent) stoichiometry in a closed system, from the knowledge of the

kinetics of all elementary reactions which occur in this system. It will be shown

that this problem can not be solved in the general case. The conditions under

which the chemical process in the system considered can be represented by a

single stoichiometric equation will be determined, as well as the conditions under

which the overall stoichiometry is independent of the rate constants of the elemen

tary reactions.

III-2. KINETICS OF A VARIANT OF THE BELOUSOV - ZHABOTINSKII

REACTION

Faculty of Science, Kragujevac University, Kragujevac

The kinetics of a variant of the oscillatory Belousov — Zhabotinskii reaction

(oxidation of citric acid with bromate in a mixture of phosphoric acid and water,

catalyzed by Mn2+ ions) was investigated. The effect of the basic kinetic parameters

(temperature, initial concentrations of the reactants, mechanical factors etc.) on

the course of this reaction was studied.

HI-3. KINETICS OF THE ADSORPTION-DESORPTION REACTION ON

HETEROGENEOUS SURFACES

M. Vukidevid and I. Gutman

Institute of General and Physical Chemistry, Belgrade and Faculty of Science,

Belgrade University, Belgrade

The reactions of adsorption and desorption of water on zeolite, activated

charcoal, silica gel and porous aluminium silicates were studied. The kinetics

of adsorption/desorption were investigated using non-isothermal methods : DTG,
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EGA, and DSC. Surface heterogenity determines the shape of peaks under

isothermic and non-isothermic conditions. The mechanism of the process of water

adsorption and desorption from zeolites is complex. Other adsorbents are charac

terized by simple one-stage kinetics. Kinetic parameters of the activation energy

(E) and preexponential factors in all cases depend upon the coverage degree (6).

Good agreement was obtained between the calculated dependence £(6) and the

experimental sorption heat.

III-4. KINETICS OF D20 - H20 EXCHANGES ON ZEOLITES

R. Srejic, V. Dondur and D. Vucelic

Institute of General and Physical Chemistry, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

A new NMR method was established for measuring the kinetics of processes

which occur between two relaxation phases with different longitudinal relaxation

times (Ti). This method was applied to the isotope exchange of sorbed water

on type-A zeolites. The process of isotope exchange in D2O — H2O takes place

in three stages. In the first stage the half time of reaction is 60 s; 5 minutes for

the second and more than 10 minutes for the third. The rate constant could be de

termined only for the third process and was a complex function of the temperature.

This temperature function depends on the type of zeolite and cation. On the basis

of kinetic data, a possible mechanism was discussed.

ni-5. MECHANISM OF THE RAPID PROCESS OF ION EXCHANGE

ON Y TYPE ZEOLITE

B. Adnadjevic*, R. Dimitrijevic and B. Miocinovic

Institute of General and Physical Chemistry, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

A method was_ found for fast and complete counter-ion exchange on Y type

zeolite. Based on X-ray, IR and DTA results, structural (ion redistribution, distor

tion of elementary cell) and physico-cnemical changes were proposed. Thermo

dynamic and kinetic parameters were defined for corresponding stages of the

ion exchange process. A possible model of the ion exchange process on Y type

zeolite was discussed.
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m-6. THE CRYSTALLIZATION MECHANISM OF MODIFIED NaA

ZEOLITE

Z. Filipovic* and B. Adnadjevic

Institute of General and Physical Chemistry, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

The crystallization mechanism of a modified zeolite which substitutes NaTPP

in detergents was investigated. Using X-ray, DSC, IR, and NMR methods,

chemical and structural changes were followed in the initial solution as well as

in the NaAlSi-gel formed during the NaA dteergent zeolite crystallization process.

Kinetic parameters (activation energy, order of reaction, preexponential factor,

growth factor) of the crystallization processes were established. A model was

proposed in which the Na ion has a main role in the crystallization mechanism.

m-7. THE CRYSTALLIZATION MECHANISM OF NaY ZEOLITES

V. Rakic~ and B. Adnadjevic

Institute of General and Physical Chemistry, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

The crystallization mechanism of NaY zeolites was examined. The crystalliza

tions for NaY were found to be dependent on the size of the silicate component

globules. The physico-chemical parameters (activation energy, temperature, crys

tallization time, concentration and ratio of components) for different globular

sizes were determined.

HI-8. DETERMINATION OF THE SPECIFIC SURFACE AREA OF

CARBON FIBRES

S. Mentus and A. Vukov

Faculty of Science, Belgrade University, Belgrade, and The Boris Kidrif Institute

of Nuclear Sciences, Belgrade

The mechanical behavior of composite materials based on carbon fibers

depends on the surface development of the fibers. The determination of the specific

surface area of carbon fibers by adsorption methods requires a complex technique.

In this contribution the theoretical grounds of a rapid and simple method of de

termining the specific surface area of carbon fibers are given, based on the de

termination of the electric capacity of the carbon fiber/electrolyte interface, and

also some practical results on carbon fibers produced by the Boris Kidric Institute.
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UI-9. INVESTIGATION OF THE NUCLEATION ACTIVITY OF THE

ANTI-HAIL REAGENT RTG-10

S. V. Mentus

Faculty of Science, Belgrade University, Belgrade

Due to considerable activity as an ice forming reagent in supercooled water

vapour, silver iodide is widely used in the hail suppression field in Yugoslavia

and abroad. The reagent RTG 10 was successfully applied in our country during

the three last anti hail seasons. The method of determining its nucleation activity,

the results of activity determinations at — 10°C in the course of several months

and the activity dependence on temperature are presented.

HI-10. ANTHRACITIC COAL-LIKE MATERIAL IN THE LATE

PRECAMBRIAN CHERT

D. Dojiinov, N. Z. Pavlovic and P. I. Premovic"

Faculty of Science, Nit University, Nii

The Late Precambrian chert of the Paradise Creek Formation (ca. 1.6 X 109

years old, Queensland, Australia) contains an exceptionally high amount of complex

aromatic paramagnetic species with free radical character. Their presence in this

deposit constitutes evidence for anthracitic coal material implying the occurrence

ofprimitive protovascular plants in the early Proterozic of the Paradise Creek

region of Australia.

n-11. VANADIUM IN SHALY-TYPE MARINE SEDIMENTS OF LA LUNA

MARA AND GRENZBITUMENZONE FORMATIONS

M. S. Pavlovii and P. I. Premovic

Faculty of Science, Nii University, Nil

The vanadium and vanadyl content of ancient shaly-type sediments of La

Luna Mara (Late Cretaceous, ca. 1.6 x 108 years old, Maracaibo, Venezuela)

and Serpiano (Middle Triassic, ca. 2.0 x 108 fears old, Tessin, Switzerland) for

mations were determined. The results indicate that vanadium is partly in vanadyl

form. The high vanadium content is related to volcanic-sedimentary processes.
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in-12. THE NATURE OF SORBED WATER ON POROUS GLASS

B. Adnadjevi<5 and D. Vucelic

Institute of General and Physical Chemistry, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

The sorbed water spectra, spin-lattice (Ti) and spin-spin (T2) relaxation

times at different temperatures were determined using pulse NMR spectroscopy.

The determinations were made at different coverage degrees on porous types of

glass with pore diameters of 750, 1200, 2200, 5000, and 1000 nm. Based on

these results a hypothesis about the nature of sorbed water on porous glass was

suggested. According to this hypothesis the melting point of water on porous

glass is decreased for 60 K. The transition is in between phase transitions of the

first and second order. The behaviour of the relaxation system can be explained

by the existence of a fast exchange between two NMR phases.

111-13. ENERGY BALANCE OF ION/MOLECULE REACTIONS 10 20 IN

MASS SPECTROMETRY

T. Ast

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Ion/molecule reactions of the type A+ + N -> A2+ + N + e~, where A+ re

presents a monatomic ion formed in the ion source of a miss spectrometer, and

N denotes an atom or molecule of a collision gas (usually nitrogen), have been

studied for a variety of elements throughout the periodic table, including rare

gases, halogens, non-metallic and metallic elements. The energy balance of these

reactions enables the determination of double-ionization energies of the species

studied; furthermore, the presence of excited electronic states of A+ ions has

been observed in many cases, pointing to the fact that these reactions can be used

for determining the energy profile of the ion beam.

in-14. INVESTIGATION OF CONDITIONS FOR THE DETECTION OF

C-CONTAINING SPECIES IN D. C. ARC PLASMA

J. Radic—Peric

Faculty of Science, Belgrade University, Belgrade

The partial pressures of various carbon containing molecules and radicals

in air plasma inthe presence of 1 % and 1 0°/0 carbon in the temperature range 273 —

— 6000 K were calculated. By means of the seresults it was possible to interpret the

detection conditions for particular molecular bands (CN, C2, C3, . . . ) in the d. c.

arc plasma.
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in-15. EFFECT OF ANTIOXIDANT TYPE ON THE DEGRADATION AND

STABILIZATION OF POLYETHYLENE BASED FORMULATIONS,

UNIRRADIATED AND IRRADIATED BY GAMMA RAYS.

I. THERMAL AUTOXIDATION

O. Gal, Lj. Novakovic, V. Markovic and V. T. Stannett

The Boris Kidric Institute of Nuclear Sciences, Belgrade, and North Carolina State

University, Raleigh, USA

In the present paper the influence of the nature of the antioxidant (hindered

phenols and organic compounds containing a sulphur atom) on the thermooxidative

stability of low density polyethylene was studied. By measuring the oxidation

induction time, rate of autoxidation and rate of polymer degradation in formula

tions with different types of antioxidants, unirradiated and irradiated by gamma

rays up to 200 kGy, the comparative retardation of the thermooxidative degrada

tion was considered.

111-16. EFFECT OF ANTIOXIDANT TYPE ON THE DEGRADATION AND

STABILIZATION OF POLYETHYLENE BASED FORMULATIONS.

II. RADIATION CROSSLINKING

O. Gal, V. Markovic, Lj. Novakovic and V. T. Stannett

The Boris Kidri£ Institute of Nuclear Sciences, Belgrade and North Carolina State

University, Raleigh, USA

In the development of radiation crosslinked polyethylene it is recognized

that the addition of antioxidants for thermooxidative stabilization inhibits the

formation of crosslinks during irradiation. In the present work the effect of the

type of antioxidant (hindered phenols and organic sulphur compounds) on crosslin-

king induced by gamma irradiation (up to 300 kGy dose) in a low density polyethy

lene was studied by measuring the solubility of the irradiated formulations.

ffl-17. RADIATION EFFECT ON LINEAR LOW PRESSURE

LOW DENSITY POLYETHYLENE

V. Markovic, A. Safranj, D. Babic and Lj. Novakovic

The Boris KidriS Institute of Nuclear Sciences, Belgrade

Recently a low pressure process was developed for the production of low

density polyetylene (LPLDPE) with superior mechanical properties in comparison

to standard high pressure low density polyethylene (HPLDPE). This is mainly

due to a different molecular structure characterized by the absence of long chain

branches. This work was undertaken in order to show how these materials are

affected by radiation. Gel-dose curves were determined for two materials with

different types of short branches and molecular weight distributions at sub-gel

doses. In addition, the thermal and viscoelastic properties were measured in a

wide absorbed dose range.
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OI-18. CATALYTIC OXIDATION OF S02 IN MOLTEN SALTS

M. V. SuSic, S. V. Mentus and M. M. DojSinovid

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

The oxidation of SO2 in a molten mixture of alkaline sulphates by the addi

tion of catalytically active metal compounds was investigated. The catalytic activity

was observed after the addition of V2O5, Fe20s, FeSOj, Q1SO4, CrOa, i. e. the

addition of cations of changeable valence, and was not observed after the addition

of Al2(S04)3- On that basis a mechanism of catalysis was proposed, as an oxidore-

duction process in a complex redox system.

IH-19. DEGRADATION OF CATALYSTS IN THE PROCESS OF

HIGH-TEMPERATURE CONVERSION OF LOW HYDROCARBONS

N. N. Jovanovid, L. G. Valcic and V. M. Stankovic

Institute of Chemistry, Technology and Metallurgy, Belgrade

Comparative investigations were made of the features of both unused samples

and totally deactivated samples, which were applied in an industrial process of

high temperature conversion of low hydrocarbons, as well as samples of catalysts

which were exposed to accelerated aging under laboratory conditions. It was found

that carbon deposits on the surface of the catalysts, porous structure degradation

and concentration reduction of the active component due to interaction with the

carrier contribute to the deactivation of the catalyst.

m-20. RED MUD AS A CATALYST FOR COAL LIQUEFACTION

B. R. Aleksic, B. D. Aleksic, B. Markovic* and V. Kosanovid

Institute of Chemistry, Technology and Metallurgy, Belgrade

In order to investigate the possibility of replacing commercial cobalt- or

nickel-molybdenum catalysts by homemade more economic catalysts, samples of

red mud from all of our bigger deposits were taken into consideration. Chemical,

structural and thermal properites of various samples important for catalytic hydro-

genation were compared. The study of experimental conditions for the hydro-

genation of domestic coal in a batch reactor was undertaken.
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m-21. COMPARATIVE INVESTIGATION OF NATURAL MAGNETITES

AS A BASE FOR AMMONIA SYNTHESIS CATALYSTS

II. THE PROPERTIES OF MAGNETITE FROM KOPAONIK

B. Aleksic, M. Grujid, V. Kosanil and S. Ivkovid

Institute of Chemistry, Technology and Metallurgy, Belgrade, and Mines of Majdanpek,

Majdanpek

In the scope of a comparative study of the properties of Yugoslav and foreign

magnetites, samples from Kopaonik were investigated. Further determination of

the properties of magnetite from Majdanpek and samples from Sweden and the

USSR confirmed the previous conclusion about the possibility of using Yugoslav

magnetite as a base for ammonia synthesis catalysts.

m-22. THE INFLUENCE OF THE SUPPORT PREPARATION MODE AND

ORIGIN ON THE ACTIVITY AND SELECTIVITY OF Fe/MgO-TYPE

CATALYSTS FOR FISCHER-TROPSCH SYNTHESIS

P. Putanov, E. Kii and G. BoSkovic

Faculty of Technology, Novi Sad University, Novi Sad

Three catalysts for the Fischer—Tropsch synthesis of the Fe/MgO-type

with approximately 10 mass % of iron were prepared. Depending or the support

preparation mode and origin, significant differences in the structure and texture

of the samples were observed by means of X-ray diffraction, scanning electron

microscopy and low-temperature nitrogen adsorption. The ensued differences

were also of noticeably influence on the catalytic properties of the systems, which

was evident from their different activity and selectivity. By means of gas chromato

graphy, various low-molecular hydrocarbons were registered. The activity was

measured in a well-mixing differential reactor under the conditions close to industrial

ones.

IU-23. ADIABATIC DIFFERENTIAL SCANNING

MICRO-CALORIMETER

D. Karaulil, V. Vucelic and D. Vucelic

Institute of General and Physical Chemistry, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

A new model of an adiabatic differential scanning calorimeter adapted for

biological systems was constructed. The calorimeter operates under non-isothermal

and adiabatic conditions. The reaction takes place in a cell which is under non-iso

thermal conditions. Protected from ambient temperature by three adiabatic shields

electronic control enables gradual change from the cell temperature to room tempe
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rature. The construction enables measurements of heat effects of biopolymers in

the region of (273—403) K, and continual heating with rates of 0.1, 0.2, 1 and

2 K/min. The volume of the measuring cell is 0.2—0.6 cm3 which is unusual

for known systems. Such a volume facilitates the recording of heat effects as low

as 1 X 10-7 J.

m-24. PHASE TRANSITIONS OF WATER IN BOUNDARY LAYERS

V. Vucelic" and D. Vucelic

Institute of General and Physical Chemistry, Belgrade

On the basis of NMR and DSC investigations it was established that the

melting point and boiling point in boundary layers schifts by 40 —60 K compared

to corresponding transitions of „free water". Generally, this transition approaches

second order transitions (\H = 0). A hypothesis was proposed as to the phase

transition mechanism of water in boundary layers on the basis of cooperative

phenomena.

111-25. HIGH TEMPERATURE PHASE TRANSFORiATION IN A- AND

Y-TYPE ZEOLITES

D. Arandjclovic, B. Adnadjevic, D. Vucelic and V. Dondur

Institute of General and Physical Chemistry, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

An examination was made of high-temperature (1080— 1480°C) phase trans

formations in NaA, LiA, and MgY zeolites. It was found that NaA and LiA

undergo transformations into structures similar to carnegite and MgY into a

cordierite like structure. The kinetics of phase transformations were followed

using X-ray, DTA, and IR measurements. Basic kinetic and energy parameters

were determined. On the basis of these parameters a phase-transformation me

chanism was hypothesized.

111-26. IDENTIFICATION OF MELANIN USING DSC

R. Bona, B. Simonovic, V. Vucelic, J. Hranisavljevic, T. Wilczok and D. Vucelic

Institute of General and Physical Chemistry, Belgrade, Faculty of Science, Belgrade

University, Belgrade, and Institute of Physics and Chemistry, Sosnozoiec, Poland

The thermal analysis of natural and synthetic melanins was carried out.

AH melanins are characterized by endothermic peaks in the (223—473) K region.



C 123

Natural melanins originated from banana peels, human hair, and bovine eyes.

Synthetic melanins were obtained from thyrosine, DOPA, catechol, thyramine,

and epinephrine by autooxidation or enzyme catalysis. Different melanins can

be identified on the basis of their thermograms.

111-27. THERMAL RELAXATION OF MELANIN

R. Bona, B. Simonovid, V. Vucelic, J. Hranisavljevic, T. Wilczok and D. Vucelic

.Institute of General and Physical Chemistry, Belgrade, Faculty of Science, Belgrade .

University, Belgrade, and Institute ofPhysics and Chemistry, Sosnowiec, Poland

Thermograms of melanin obtained using the DSC method show specific

thermal effects in the (323— 353) K region. These effects were found to be reversible.

The peak intensities show time dependence due to thermal relaxation phenomena.

The kinetics of the thermal relaxation of melanin between (323 — 353) K was

examined. In the case of melanin from banana peels, relaxation is fully reversible

.for 20 hours at room temperature. It was assumed that these effects are due to

the change in the space arrangement inside the melanin macromolecules.

m-28. A NEW METHOD FOR CALCULATING VIBRATION-ROTATION

ENERGY LEVELS IN TRIATOMIC MOLECULES

M. Mladenovic and M. Peric

Faculty of Science, Belgraue University, Belgrade

A new form of the vibration-rotation Hamiltonian for triatomic molecules

was developed. It is also convenient for the treatment of isomerization reactions.

A method is proposed for calculating energy levels corresponding to large amplitude

bending vibrations. It is based on expansions of kinetic and potential energy opera

tors, as well as wave functions, into Fourier series.

m-29. THEORETICAL ANTICIPATION OF THE STRUCTURE OF THE

HNO+ ELECTRONIC SPECTRUM

M. Peric, J. Fejzo and M. Mladenovic

Factdty of Science, Belgrade University, Belgrade

There are indications (Herzberg) that an unidentified band system could

be caused by a transition between the two lowest lying electronic states of the

UNO : radical. In order to check this hypothesis, ab initio calculations of the vi-

bronic and rotation energy levels in the 2n state of HNO4 were performed. The

results of these calculations speak in favour of the mentioned assumption.
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111-30. CALCULATION OF THE RATE CONSTANT FOR THE REACTION

HNC = HCN BY MEANS OF THE AB INITIO METHOD

M. Mladenovil and M. Peric

Faculty of Science, Belgrade University, Belgrade

The ab initio (SCF and CI) method was applied in order to get the potential

surface for the isomerization reaction HNC ~ HCN. The vibration-rotation energy

levels were calculated; they were used for calculating the rate constant according

to the RRKM theory. The values of the rate constant for a number of various

temperatures and pressures are presented.

m-31. RELAXATION PROCESSES OF GROUP VI HYDRIDES

S. Miljanic

The Boris Kidric Institute of Nuclear Sciences, Belgrade

The influence of molecular properties on the vibrationto-translation and

rotation (V—T, R) energy transfer of group VI hydrides was studied both experi

mentally and theoretically. The transfer probabilities were measured by the method

of laser-induced vibrational fluorescence and compared to the values obtained

by theoretical calculations. A semi-classical theory modified here was employed.

The agreement between experimental and calculated probabilities was very good.

m-32. „ELECTRON DISTRIBUTION DIFFERENCE" SEEN AS A

DIGITAL FILTER

D. Golobocanin, O. Neskovic, M. Miletic, M. Veljkovid and K. F. Zmbov

The Boris Kidric Institute of Nuclear Sciences, Belgrade

The Electron Distribution Difference (EDD) and the Inverse Convolution

Procedure of Vogt and Pascual (VP) were tested and found to remove the effects

of the high energy tail of the Maxwellian part of electron energy distribution. It

was shown that the EDD and VP methods, widely applied in mass spectrometry,

were exactly equivalent to a digital filter, including even the end-effect corrections.
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m-33. DECONVOLUTION OF IONIZATION EFFICIENCY CURVES BY

SOLVING A SYSTEM OF LINEAR EQUATIONS

J. Csomor, D. Golobocanin, M. Miletid and K. Zmbov

The Boris Kidri£ Institute of Nuclear Sciences, Belgrade

A method of deconvolution of efficiency ionization curves was developed.

Two approximations were made: 1. The discrete electron Maxwell distribution

function was used. 2. It was supposed that the ionization efficiency curve was

linear beyond the measured interval. Then a linear equation system was set up,

which was solved by the Gauss method. The described method was especially

convenient when the signal-to-noise ratio was high.

HI-34. MATHEMATICAL SMOOTHING OF MASS

SPECTROMETRIC DATA

O. Negkovic", D. Golobocanin, M. Veljkovid, M. Miletic and K. F. Zmbov

The Boris KidriS Institute of Nuclear Sciences, Belgrade

A special problem associated with the analysis of ionization efficiency curves

is the considerable noise contained in useful data: ionization efficiency data measured

by a pulse counting technique, often exhibit scattering from channel to channel.

By mathematical smoothing, it is possible to remove most of this scattering and

the present work reports the application of various methods of data convolution.

Some methods are shown to work sufficiently well, and the benefits of using

smoothed data in further data analysis are discussed.

111-35. THE DISSOLUTION KINETICS OF INTERMETALLIDES

OBTAINED BY CATHODIC DEPOSITION FROM MOLTEN SALTS

S. V. Mentus and M. V. Susie

Faculty of Science, Belgrade University, Belgrade

By the cathodic deposition of zinc and lead from molten salts on a platinum

electrode, surface reactions occur, and intermetallic compounds are formed, causing

the anodic dissolution of the deposited metal to occur in several steps. The kinetics

of dissolution was observed in order to explain the nature of intermetallic reactions.
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IH-36. THE COMPLEX RESISTANCE OF THE INTERFACE BETWEEN

0.6AgI • 0.4Sb2S3 SOLID ELECTROLYTE AND A CARBON ELECTRODE.

S. P. Gajinov, S. V. Mentus and M. V. Su&c

Faculty of Science, Belgrade University, Belgrade

The solid electrolyte 0.6AgI ■ 0.4Sb-2Ss shows a glassy structure. The electric

conductivity of the electrolyte formed as pellets obtained by pressing the powdered

electrolyte or by treatment of the compact glassy bulk, was measured. In both

cases carbon electrodes were used. The complex resistance diagram course indi

cates that in the first case it is possible and in the second case impossible to accura

tely determine the double layer capacitance of the electrode/electrolyte interface.

Dispersion of the real part of the complex resistance was observed in both cases-

in the entire range of frequencies used, 1 —50 kHz.

m-37. THE ELECTROCHEMICAL BEHAVIOUR OF CADMIUM IN

ALKALINE MEDIA

D. Jovanovic and Z. Dimitrijevic"

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Chemical

Power Sources Institute, Belgrade

The cathodic and anodic reaction of cadmium was investigated in solutions

of potassium hydroxide in the range 1—7 mol dm-3 and potassium carbonate to

a total concentration of potassium of 7 mol dm-3. It was shown that these reactions

occur through a film of poorly soluble species which are formed on the electrode

surface, and the possible reaction mechanism was discussed. The dependence of

the activation potential of cadmium on the activity of potassium hydroxide, as

it was found, was in good accordance with the theoretical predictions.



IV. ANALYTICAL CHEMISTRY

IV-1. TWO-PHASE BUFFER SYSTEMS CONTAINING A SPARINGLY

SOLUBLE DIPROTIC ACID AS THE SECOND PHASE

T. J. Janjic, L. B. Pfendt and M. B. Pasulj

Faculty of Science and Faculty of Pharmacy, Belgrade University, Belgrade

Two-phase buffer systems consisting of a sparingly soluble diprotic acid

and its saturated aqueous solution (buffered phase) were investigated. Analogous

two-phase buffers with monoprotic acids were described earlier1. Theoretical

considerations have shown that the buffer capacity of the investigated buffers

depends on the pH of the solution, on the solubility of the investigated acid in

water and on its strength. The characteristic property of the buffers of this type

is a very high buffer capacity wtihin a narrow pH range. Besides, the effect of

dilution was considered as well. Theoretical considerations were experimentally

verified on four buffer systems containing 1,2-, 1,3- and 1,4-benzene dicarbo-

xyclic acids and 1,6-hexane dicarboxylic acid.

IV-2. APPLICATION OF THE ..SITTING" MERCURY ELECTRODE FOR

COMPLEXOMETRIC POTENTIOMETRIC TITRATIONS

B. Vucurovic and M. Stojanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The potentiometric variant of complexometric titrations is widely applied in

current analytical practice, particularry using mercury as the indicator electrode

which enables determinations of a large number of elements. In this work, the

investigations of the applicability of the ..sitting" Hg/SCE system for direct de

terminations of mono-, two- and three-component admixtures of different ions

using EDTA as the titrant are reported. The influence of pH, concentration and

the addition of mercury (Il)-complexonate on the shape of the titration curves

and the accuracy of the results were checked. Besides, because of the special pe

culiarities of aluminium and chromium, the influence of these metals on the de

terminations of mono- and two- component systems of determinants were inve

stigated. It appeared that the „sitting" Hg/SCE system could successfully be applied

for direct EDTA titrations of mono-component systems, as well as for differential

titrations of two- and three-component systems. The presence of aluminium and

chromium should be avoided in all cases, while the pH value and the concentra

tions play an important role in the shape of the titration curves and the accuracy

of analysis.
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IV-3. BIPOTENTIOMETRIC TITRATIONS OF REDUCTANTS WITH

MANGANESE(III) AND (IV)

T. Pastor and M. Antonijevid

Faculty of Science, Belgrade University, Belgrade, and Technical Faculty, Belgrade

University, Bor

Conditions for the preparation and stability of standard magnanese(III) and

(IV) solutions were investigated. Titrations of iron(II), oxalate, hexacyanoferrate(II),

arsenic(III) and hydroquinone in the presence of polarized platinum electrodes

were carried out in solutions of sulphuric and hydrochloric acids. The reaction

of arsenic(III) with oxidants was catalysed by osmium (VIII) oxide solution. Their

reversibility of the investigated redox pairs depends on the potential difference

used for the polarization of the indicator electrodes, as well as on the composition

of the solution. Inverse titrations were carried out only in sulphuric acid solutions

because hydrochloric acid reduces manganese(IV). Good and reproducible results

were obtained by the method described.

IV-4. A CONTRIBUTION TO THE APPLICATION OF

ION-SELECTIVE ELECTRODES

M. S. Jovanovic, V. M. Jovanovic and M. Djikanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Faculty

of Metallurgy, Titograd University, Titograd

The research aim was to find out the most suitable sensor for the Yugoslav

made multi-purpose ion-selective electrode body GPE 201.801, for Ag+ as the

primary ion. The behaviour of an imported selective electrode sensored with a

monocrystal of Ag2S, was compared with those of GPE electrodes activated with

powders of either Ag2S mixed with silver halides, or with admixtures of Ag2S

with sulphides of other heavy metals. The investigations were made in Ag+ ion

solutions, the pAg values ranging from 1 to 8. It was shown that for any silver

ion-selective electrode, the relation E/pAg extrapolated to pAg 0, satisfied theoreti

cal values if EeAg/Ag+> was substituted with E9Agss, for this time, a semiconductive

sparingly soluble silver salt was used as the electroactive material. The slope of

E/pAg towards higher pAg values was near to 59 mV/pAg unit, being somewhat

better if the electrodes were sensored with sulphide powders rubbed into a hydro-

phobized graphite matrix in relation to the electrode with a monocrystal of Ag2S

as the sensor. It can be concluded that the GPE multi-purpose ion-selective elec

trode for silver, stands side-by-side with the imported one.
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IV-5. METHYL METHACRYLATE-BASED BROMIDE-SELECTIVE

ELECTRODES

T. Paster and K. Kalajdiievski

Faculty of Science, Belgrade University, Belgrade, and Faculty of Chemistry, Skopje

University, Skopje

Methylmethacrylate-based bromide-selective electrodes with solid internal

contacts were prepared. The content of the active material — silver bromide,

or mixture of silver bromide with silver sulphide — in the membranes was 45—90%.

The resistance of the electrodes decreases as the content of silver bromide, or the

ratio of silver sulphide to silver bromide increases. The calibration curves of the

electrodes were taken in standard solutions of potassium bromide containing

0. 1 mol dm-3 potassium nitrate. The lower limit of Nernstian response and the

IUPAC detection limit of the electrodes were determined. The dependence of

the electrode potentials on temperature was also determined. The selectivity coeffi

cients ot the electrodes were found in the presence of the following interfering

Ions : chloride, chromate, hexacyanoferrate (II) and arsenate. The response time

of the electrodes varies from a few seconds to 1 5 minutes depending on the mem

brane composition and concentration of the investigated solution. With the pre

pared electrodes analytical determinations both by direct potentiometry and by

potentiometric titrations were performed. The obtained results were satisfactory.

IV-6. EVALUATION OF TWO KINETIC METHODS FOR CREATININE

DETERMINATION IN SERUM USING DERIVATIVE SPECTROSCOPY

P. Jovi6

Military Medical Academy, Belgrade

There are several different photometric methods for serum creatinine de

termination. Most of those are based on the colour reaction with alkaline picrate

(Jaffe, 1886). This reaction, however, is not completely specific and a number

of substances present in serum are known to interfere and increase the colour

yield. To overcome this problem, some authors recommend the kinetic determina

tion of creatinine. In this work two kinetic methods for creatinine determination

in serum without preliminary deproteinization were examined. The rate of forma

tion of creatinine picrate in the examined samples was followed by recording the

second-derivative spectra during 10 minutes from the start of the reaction. In

this way the maximum and minimum and the inflection points corresponding

to the interfering substances were obtained. The results of comparative creatinine

determinations in serum by two kinetic methods will be discussed.



V. BIOCHEMISTRY

V-l. QUANTITATIVE DETERMINATION OF BIOMETALS IN AN ONION

SEED (Allium cepa L.)

B. Grujid—Injac, R. Kapetanovic* and N. Rakicevic

Faculty of Sceince, Belgrade University, Belgrade, and Faculty of Science, Priitina

University, Priitina

As allynase is responsible for the biosynthesis of allyicin, the chemical composi

tion ofwhich is a phosphorous-pyridoxal-proteide, it was interesting to get acquain

ted with the bioelements of a seed of Allium cepa L. because for catalytic action

the presence of certain metallic ions, particularly bivalent ions such as zinc and

magnesium, is necessary. For the quantitative determination of bioelements in

an onion seed atomic absorption spectrophotometry and the emission method

were used. The materials were destroyed by dry-ashing at 550°C and wet-ashing

with a 2 : 1 perchloric-nitric acid mixture. Of the biogenic elements larger amounts

of calcium, potassium, sodium and magnesium were found and of the microele

ments iron, manganese and zinc were most represented. Cadmium was found

more in materials treated with the acid mixture than by dry-ashing which can

by explained by cadmium volatilization. In all cases chromium was discovered

in traces.

V-2. ISOLATION AND CHARACTERIZATION OF SERUM PROTEINS

PRESENT IN THE URINE OF PATIENIS WITH RENAL TUBULAR

DISORDERS

N. Veliikovi<5, P. Bray and J. Hranisavljevid

Institute of General and Physical Chemistry, Belgrade

The urine of patients with renal tubular disorders is characterized by the

presence of specific serum proteins with molecular weights of 10,000— 50,000.

These include, among others, P2—microglobulin ((S2—M), 0C2—microglobulin (retinol

binding protein — RBP), lysozyme, and albumin. Urine was used from a patient

who earlier underwent kidney transplantation and was in the graft rejection phase.

The isolation oftwo essential proteins which clearly characterize tubular proteinuria,

P2—M and RBP, was part of the experiment. The isolation procedure used was a

modification of well-known methods, and consisted of successive permeation

chromatography (2x) and ion exchange chromatography. The purity of the isolated
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proteins was checked spectroscopically, by amino acid analysis, disc electrophoresis,

and immunodiffusion employing rabbit antihuman (^-microglobulin. A quantitative

ratio of the before-mentioned proteins in urine was established, and this ratio

was shown to be constant for the case in question.

V-3. CHARACTERIZATION OF DOPAMINE RECEPTORS OF THE

BOVINE NUCLEUS CAUDATUS

V. Soskid, D. Trajkovic, J. Petrovic and M. Kidric

Faculty of Science, Belgrade University, Belgrade, and Institute for Biological

Research „Sini$a Stankovic", Belgrade

Dopamine receptors of the bovine nucleus caudatus, representing the brain

structure significantly enriched in these receptors were studied by Scatchard

plot analysis, using tritiatcd dopamine as the specific ligand and unlabelled do

pamine and haloperidol as competitors for the binding sites. The Ka for Di recep

tors, calculated on the basis of the data obtained with unlabelled dopamine as

the competitor was 117.2 y.mol (Bmax= 1.08 nmol/mg protein). Such a high Ki

value pointed out to the presence of numerous unspecific dopamine binding sites

of low affinity. This was checked in separate experiments using haloperidol as

a specific dopamine competitor. The Ka value for D\ receptors obtained in these

experiments was 8.9 [zmolar (Bmax= 2.9 pmol/mg protein), demonstrating that

unlabelled dopamine should not be used as a competitor in such experiments.

The Ka value for Di receptors was 2.85 nmor (Bmax= 12.95 pmol/mg protein).

These values are of the same order of magnitude as those obtained by several

other authors working on dopamine receptors of some other biological systems.

V-4. INFULENCE OF SOME AGONISTS AND ANTAGONISTS ON

DOPAMINE BINDING TO SPECIFIC RECEPTORS OF THE BOVINE

NUCLEUS CAUDATUS

D. Trajkovic, V. Soskid, J. Petrovic and G. Matic

Faculty of Science, University of Belgrade, and Institute for Biological Research

„SiniSa Stankovic", Belgrade

The bidning of dopamine to specific receptors of the bovine nucleus caudatus

in the presence of epinephrine, norepinephrine and isoproterenol as dopamine

agonists, and in the presence of haloperidol, chloropromazine, metaclopramide

and sulpiride, as antagonists of this catecholamine was studied. At the same time

the effect of ergosinine and dihydroergosine on the extent of dopamine binding

to specific Di receptors was examined. All agonists used, as well as haloperidol

and chloropromazine strongly inhibited the binding of dopamine to Di receptors

at low concentrations (10~6— 10-5 mol/1), while metaclopramide, sulpiride, er

gosinine and dihydroergosine acted in a similar manner at much higher concentra

tions (10-4 mol/1). These data suggest that metaclopramide, sulpiride and both

ergoline derivatives used bind preferentially to dopamine D2 receptors.
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V-5. ABUNDANCE OF DOPAMINE RECEPTORS IN DIFFERENT SYNAP

TOSOMAL FRACTIONS OF THE BOVINE NUCLEUS CAUDATUS

V. SoSkic, J. Petrovic, D. Trajkovic, M. Kidric and G. Matic

Faculty of Science, University of Belgrade, Belgrade, and Institute for Biological

Research „Siniia Stankovic", Belgrade

Crude synaptosomal membranes isolated from the bovine nuclei caudata

were subjected to discontinuous sucrose density gradient centrifugation. The

abundance of dopamine Di and D2 receptors in individual synaptosomal fractions

was examined using dopamine as a specific ligand and spiroperidol as a specific

dopamine antagonist. It was found that all synaptosomal fractions contain certain

amounts of both subclasses of dopamine receptors, but the fractions sedimenting

at 0.9 and 1.0 mol/dm3 sucrose under the experimental conditions applied were

especially enriched in both Di and D2 receptors. The microsomal fraction also

contained a significant amount of dopamine receptors, very probably due to the

presence of small-size synaptosomes sedimenting together with microsomes under

the experimental conditions used. These results show that synaptosomal fractions

sedimenting at 0.9 and 1.0 mol/dm3 sucrose may be successfully used as a source

of dopamine receptors for more precise biochemical characterization of these

receptors.

V-6. EFFECT OF SOME ERGOLINE DERIVATIVES ON THE ACTIVITY

OF DOPAMINE RECEPTORS BOUND TO ADENYLATE CYCLASE

J. Petrovic, V. SoSkic, D. Trajkovic and M. Kidric

Faculty of Science, University of Belgrade, Belgrade, and Institute for Biological

Research „SiniSa Stankovic", Belgrade

It is well documented that several ergoline derivatives specifically interact

with dopamine Di receptors. Similar to dopamine they trigger numerous biochemi

cal events inside the cell. Increase of membrane-bound adenylate cyclase (CE

4.6.1.1) activity is among one of the first changes following their interaction with

Di receptors. In this work changes of adenylate cyclase activity were examined

after the interaction of ergosine, dihydroergosine, ergosinine, bromo-ergosine and

2-chloroethyl-dihydrolysergic acid methyl ester with Di receptors contained in

the synaptosomal fraction of the bovine nucleus caudatus. Dihydroergosine and

ergosinine acted as strong stimulators of adenylate cyclase activity at very low

concentrations, while ergosine and 2-chloroethyl-dihydrolysergic acid methyl ester

were found to be absolutely inactive in this respect. Bromo-ergosine expressed

a ceratin increase of this enzyme activity but at relatively high concentrations.

Correlation of the chemical structure of ergoline derivatives used and biochemical

changes observed will be discussed.
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V-7. INVESTIGATION OF THE EFFECT OF H2O2 AND KMn04 ON THE

ULTRAWEAK LUMINESCENCE OF MAIZE ROOTS

S. Strbac, M. Jeremic, Z. Vu£inic and C Radenovic

Afaize Research Institute, Belgrade and Faculty of Science, Belgrade University,

Belgrade

Very weak light emission from biological systems known as „ultraweak

luminescence" (UL) is a widespread phenomenon which accompanies many living

processes. The effect of H2O2 and KMJ1O4 on the UL of maize roots was investi

gated. Both agents intensify UL. At lower concentrations, the intensity enhance

ment is linear. The intensity of UL emitted from roots treated with KMn04 shows

a maximum at a certain concentration. It was found that the total UL originates

from three different first-order reactions. The rate constants were determined.

Ascorbic acid inhibits the fastest reaction completely, while it has no effect on

the other two reactions. An explanation of the results obtained is given.

V-8. TRANSPORT ACROSS THE CELL MEMBRANE OF AVIAN

ERYTHROCYTES

V. Leskovac, S. Trivic, D. Pericin, M. Stupar and Lj. Murgul

Faculty of Science, Novi Sad University, Novi Sad

The cell membrane of avian erythrocytes serves to mediate the transport

of substances and information; information is transported via the cellular mem

brane by different means. In this communication we report the transfer of infor

mation into the cells by two means: a) by (3-adrenergic substances via (J-adreno-

receptors and cAMP, and b) by adenosine via Na, K-dependent adenosine tripho

sphatase. (1-Agonists modulate the rate of potassium transport across the cell

wall. Usually, p-agonists activate both the influx and efflux of K+ from the cells ;

under special experimental conditions they are able to inhibit the rate of K+-efflux

from the cells. Adenosine is a potent inhibitor of Na,K-ATPase; it is taken up

by the cells and effectively inhibits the enzyme by acting on the inner face of the

cell membrane Na,K-ATPase. Both types of substances, p-agonists and adenosine,

serve as extracellular information, able to regulate the activity of the cell mem

brane potassium transporting machinery.

V-9. HYDROGEN BIOPRODUCTION

J. Jaksevac, Lj. Majdanac, M. Varadi and S. Kapor

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Institute

for Application of Nuclear Energy in Agriculture, Belgrade

Recently increasing attention is being paid to hydrogen as an energy source

due to its many advantages over other energy sources. Currently regarding the

possibilities of obtaining this gas, research is being carried out concerning hydro

gen bioproduction. In this work the bacteria Clostridium butyricum was investigated
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for the production of hydrogen, a culture that in comparison to most of the tested

bacteria of the genus Clostridium was the most active. The influence of the medium

content (thioglycolate bouillon, ROM-bouillon, medium according to Peck and

Gest, medium according to Karube and some modifications of VL-bouillon) on

the formation of molecular hydrogen and its production by means of the immo

bilized cells of this bactieria was investigated. The cells were immobilized in agar.

The influence of the agar concentration was investigated as were the influence

of the temperature and pH of the system. The formation of hydrogen was follo

wed by the manometric technique in a Warburg apparatus.

V-10. INFLUENCE OF SUBSTITUTION OF MALT WITH CORN GRINDS

ON THE BREWERY YEAST ENERGY VALUE

S. Siler and J. Baras

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The influence of the substitution of malt with corn grinds in beer production

on the brewery yeast energy value was investigated. The malt was substituted

with corn grinds 10, 20, 30, 40 and 50%. The yeast quality was considered

in regard to its application as animal feed. It was found that dry brewery yeast

has a high energy value of 19.3 kj/g of dry substance and that it increases with

an increase in the corn grinds fraction in the charge. Besides the total energy value,

an increase of the following parametars was found: the metabolizable energy,

total digestible nutrients and net utilized energy. The value of the dry brewery

yeast starch equivalent was between 69 and 72 depending on the corn grinds frac

tion and the kind of cattle using it as a feed.

V-ll. INFLUENCE OF SUBSTITUTION OF MALT WITH CORN ON

THE QUALITY OF BREWERY TRUB

S. Siler and J. Baras

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The quality of brewery trub is highly influenced by the nature and quality

of raw materials used in beer production. Since brewery trub is used as animal

food and in the past years as human food as well, it is important to know the in

fluence of the composition of raw materials used in beer production on its quality.

For that purpose malt was substituted with corn 10, 20, 30, 40 snd 50%. It was

found that the carbohydrate and lipid contents in the brewery trub increase as

the corn fraction in the charge increases. Also, an increase of the corn fraction

in the charge increases. Also, an increase of the corn fraction in the trub was follo

wed by a decrease in the raw fiber content and an increase in the total energy

value from 2060 kj/100 g of dry substance to 2140 kj/100 g of dry substance.

In addition, the following characteristic parameters were increased: total digestible

nutrients, metabolizable energy, net used energy and starch equivalent. The sub

stitution of malt with corn has no significant influence on the value of the energy

coefficient.



VI. CHEMICAL ENGINEERING

Vl-t DESIGN STRATEGY AND PHILOSOPHY OF EXTRACTORS FOR

URANIUM RECOVERY FROM THE PHOSPHORIC ACID PROCESS

R. Stevanovic

The Boris Kidril Institute of Nuclear Sciences, Belgrade

The principles of design philosophy and strategy of extractors, which have

recently been published, are briefly described in this article. Using these principles

and taking into account the specificities of uranium recovery from the phosphoric

acid process published in the literature, the procedure of extractor design for

the first-cycle of uranium extraction is proposed. Using the published data for

extraction isotherms, kinetic data for extraction and stripping, the preliminary

selection of extraction equipment types for this process is completed. The selected

equipment types are critically analysed and compared.

VI-2. EXPERIMENTAL CHECK OF THE CONCEPT OF THE PROCEDURE

FOR AERODISPERSOID GENERATION OF VERY LOW CONCENTRA

TIONS BY THE ADSORPTION METHOD

S. Koncar—Durdevic and S. Nemoda

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

For obtaining the continual flow of aerodispersoids of very low concentrations

(up to 10 mg/m3) of solid particles of micronic and submicronic sizes, equipment

for the double successive dosage of powder that should be dispersed was construc

ted. In the first phase small quantities of the powder of determined granulometric

composition are mixed with much larger quantities of bigger „inactive" particles

of suitable material; with this the first „dilution" of the powders that will be dis

persed is obtained. In the second phase this mixture of small mass flow rate, is

introduced in to a stirring reactor. Due to impeller operation, particle separation

occurs. By injecting small quantities of air in to the reactor the powder particles

are drawn out and are afterwards added to a stream of secondary air of a signi

ficantly larger flow rate. In this way the second powder ..dilution" of very low

concentrations is obtained. Both positive and negative characteristics of the des

cribed equipment are presented.
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VI-3. ANALYSIS OF THE DESUPERHEATING OF VAPOURS IN MULTI-

ZONE CONDENSERS

A. Tasic, M. Mihajlovic, S. Serbanovic, D. Grozdanovic, V. Valent and B. Dordevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Junior

Technical College, Belgrade

The influence of the physical properties of fluids and of the geometric

parameters of the apparatus have been analysed. These considerations are of im

portance in the design of the multizone condensers.

VI-4. MATHEMATICAL AND ELECTRICAL MODELLING OF CON-

VECTIVE HEAT TRANSFER ON FINNED SURFACES

D. Gaji6, P. Stajcic and S. Cvijovic

Copper and Aluminium Rolling Mill, Sevojno, and Faculty of Technology and Met

allurgy, Belgrade University, Belgrade

A method for the mathematical modelling of the temperature field and

of the convective heat transfer coefficient distribution is presented. The model

is based on experimental results obtained by examination of phenomena of con

vective heat transfer on finned surfaces. The results were checked and it was

shown that differences between the model and experimental results were within

satisfactory limits. An electrical model of convective heat transfer was also descri

bed and compared to the mathematical model and experimental results.

VI-5. ANALYSIS OF PARTICLE COLLECTION IN MOBILE BED

SCRUBBERS

G. Vunjak—Novakovic and D. V. Vukovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The mobile bed scrubber is a device with several beds of low density spheres

fluidized in a countercurrent flow of gas and liquid. This type of contactor has

been widely used in various industrial processes : gas absorption, gaseous emission

control and/or particulate control. A design equation for the particulate collec

tion efficiency is proposed, as a combination of Young's general equation and

our own pressure drop correlation. An analysis of scrubber performance is presen

ted and optimum operating conditions are suggested. It was shown that the particle

collection efficiency of mobile bed scrubbers is comparable to that of Venturi

scrubbers in the high energy region. However, mobile bed scrubbers are advan

tageous when both gaseous emission and particulate control are required.
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VI-6. CENTRIFUGAL - WETTED GRID SCRUBBERS

R. Opavski

SOUR „Petar DrapSin", Mladenovac

Exhaust gases leave furnaces by natural or forced draft. Natural draft de

pends on the height of the chimney and the surrounding atmosphere, and arti

ficial or forced draft is maintained by ventilators and scrubbers. Furthermore,

centrifugal scrubbers and their characteristics, wetted grid scrubbers and their

characteristic, ventilators, their classification and characteristics are discussed. A

scrubber that operated as a wetted grid one and after the removal of the wetted

grid, functioned as a centrifugal scrubber, was discussed in detail. In conclusion

a solution was given as to how the denoted scrubber could successfully operate

as a centrifugal one.

VI-7. COMPARING THE EFFICIENCIES OF 30% PHOSPHORIC ACID

PURIFICATION AGENTS

N. Pacovic, B. Ristic, A. Tolic, M. Ristic, M. Bogosavljevic and D. Spasojevic

Belgrade University, Technical Faculty, at Bor

The investigations which were carried out in the field of crude, 30% phosp

horic acid purification produced in the Industry of Chemical Products, Prahovo,

are given. Various flocculating substances and activated charcoal were used. The

parameters and agents contributing to the most effective phosphoric acid purifi-

catin by the „leaf" sampling procedure were established.

VI-8. EXTRACTION OF COPPER WITH LIX-REAGENTS

FROM SULPHURIC ACID SOLUTIONS

A. Grizo, F. Poposka and 2. Trajievska

Faculty of Technology, Skopje University, Skopje

The kinetics and equilibrium conditions of copper extraction from sulphuric

acid solutions with the chelating extractants LIX 64N and LIX 65N were investi

gated. The experimental results arising from the investigation of equilibrium

conditions, with both of the extractants, show that the acidity of the solution

above pH 2.5 has no significant influence on the quantity of extracted copper.

The influence of the initial concentration of the extractant is the same in both

cases. LIX 64N is more efficient than LIX 65N. In both cases it was shown that

chelate formation occurs with liberation of two hydrogen ions. The investigations

of the kinetics, which were carried out only with LIX 64N, enable the determina

tion of the order of the reaction relative to the copper concentration and hydrogen

ion concentration, respectively. Using the macroscopic mass balance it was shown
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that the extraction process, dependent on the acidity of the solution, occurs in

two, respectively three periods. The first period, which is the shortest, is kinetically

controlled, the second is characterized by mixed kinetics, i. e. this period is con

trolled by the rate of complex formation as well as by the rate of diffusion, while

the third period is controlled by the rate of diffusion of copper toward the inter

face in the aqueous phase, as well as the rate of diffusion of the extractant toward

the interface of the organic phase.

VI-9. SOME ASPECTS OF ENERGY SAVING IN DISTILLATION

J. Savkovic—Stevanovid

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Energy saving in distillation processes was studied based on thermodynamic

analysis. The concept of thermodynamic efficiency in distillation was considered

and an algorithm for its application derived. The developed method was tested

on a laboratory and pilot-plant column. The optimization of energy conservation

in distillation as a separative industrial process was performed. According to the

developed algorithm a program tested off-line on a digital electronic computer

was written.

VI- 10. VAPOUR-LIQUID EQUILIBRIUM OF TERNARY ASSOCIATED

SYSTEMS WITH THE ASSOCIATION OF TWO COMPONENTS IN

BOTH PHASES

J. Savkovic*—Stevanovid, B. Djordjevic and A. Tasic

Faculty of Technology and Metallurgy, University of Belgrade, Belgrade

A thermodynamic model was proposed for the analysis of acssociation effects

in multicomponent systems with the association of several components in both

phases. An algorithm for the reduction of vapour-liquid equilibrium data was

developed for ternary systems with the association of two components in both

phases, taking into account a composition-dependent liquid phase association

constant. This algorithm was verified with experimental data of some characte

ristic systems.



VII. METALLURGY

■Vn-1. KINETIC INVESTIGATIONS OF THE REDUCTION OF MAGNE

TITE FROM MAJDANPEK WITH COALS FROM THE TIMOK REGION

UNDER NON-ISOTHERMAL CONDITIONS

N. Colovid and M. Antic

Belgrade University, Technical Faculty at Bar

Kinetic investigations of the direct reduction of Majdanpek magnetites with

coals from the Timok region have been performed under non-isothermal conditions

and with different rates of heating. The experiments were done using thermogravi-

metric analysis in nitrogen. The kinetic parameters were determined based on

the stationary point theory. The kinetic parameter values show that coal gasi

fication is, most likely, the limiting step in the process. It is shown that the reaction

capability of coals from the Timok region (Vrska Cuka, Bogovina, Soko and Lub-

nica) decreases with the age of the coals.

"VH-2. DETERMINATION OF PHASE TRANSFORMATION TEMPERA

TURES BY APPLYING DTA ON TERNARY SYSTEMS Cd-Bi-Sn

B. Dobovisek, L. Stuparevic and N. Nedeljkovic

-Faculty of Science and Technology, Ljubljana University, Ljubljana, and Belgrade

University, Technical Faculty at Bor

The vertical section of the ternary system Cd-Bi-Sn was studied. The phase

boundaries for the determination of the vertical section were obtained by DTA.

The results obtained were compared and they showed that DTA was not suffi

ciently precise for the determination of this ternary system.

■Vn-3. BEHAVIOUR OF MARAGING STEEL OF THE Fre-Ni-Co-Mo-Ti

TYPE DURING MULTIPLE HEATING AND COOLING

N. P. Vidojevic, N. M. Novovic—Simovic and B. M. Andelil

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In order to obtain insight into the mechanism of diffusional processes occur

ring during the martensite-austenite transformation of maraging steel of the Fe-Ni
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-Co-Mo-Ti type, dilatometric specimens were exposed to multiple heating up-

to the chosen temperature of the two phase (a + y) range and cooling to room

temperature. The rate of heating of the dilatometric specimens was « 300°C/h

and the rate of cooling corresponded to the cooling rate of the dilatometric furnace.

Analysis of the recorded differential dilatometric curves showed that with the

increase of the number of thermal cycles of heating, enrichment of the present

austenite with nickel occurs. This is expressed during cooling, by the lowering

of the temperature of the beginning of its martensite transformation and the reduc

tion of corresponding dilatometric effects. This practically means that with the

increase of the number of heatings and coolings in the structure of the investigated

steel, there remain larger and larger quantities of austenite. For the applied treat

ment a model of the diffucional distribution of Ni (and Co) atoms between the

present phases was suggested.

VII-4. INFLUENCE OF THE MECHANICAL SCHEDULE OF COLD-

ROLLING ON THE LATTICE PARAMETER OF PREVIOUSLY AGED-

AlMgSi ALLOY

D. Markovic" and S. Stojadinovic

Belgrade University, Technical Faculty at Bar

The change of the lattice parameter of a previously aged AlAlgSi alloy with,

1.04% Cu was investigated, as a function of the intensity and degree of deformation.

The treatment of specimens consisted of homogenizing, dissolving, quenching

(in ice water) and an ageing treatment of 10 min at 160 C. Investigation of the

influence of the intensity of deformation was performed with two different rolling

schedules, defined by the ratio: l,\lhm > 5 and /d/Am = 0.7, and five degrees

of deformation. The obtained results suggest that the difference in the intensity

of maximum strain in the critical cross section between schedules of deformation

produced a difference in the magnitude of the lattice parameter. Namely, the

lattice parameter was remarkably smaller for the ratio ltijhm = 0.7 than for the

ratio lijhm > 5. This indicated that the lattice parameter was directly proportional

to the intensity of deformation of the same amount of deformation of the alloy.

The lower values of the lattice parameter for the ratio lajhm = 0.7 suggested

that the dissolution of GP-zones during deformation took place selectively: with

dislocations from the GP-zones to the solid solution Cu atoms are brought out

more than Mg and Si atoms.

VII-5. THE CHANGE OF HARDNESS AND ELECTRIC RESISTANCE OF

AN AlMgSi ALLOY AS A FUNCTION OF THERMOMECHANICAL

TREATMENT

D. Markovic" and S. Stojadinovic

Belgrade University, Technical Faculty at Bar

The change of the electric resistance and hardness as a function of thermo-

mechanical treatment was investigated for an AlMgSi alloy with 1.55% Mg2Si
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and 1.04% Cu. After solution treatment the alloy was quenched in water, aged

at 160°C for 10 min, and deformed by cold rolling with two different rolling schedu

les: Ujhm = 0.7 and Ujhm > 5, and five degrees of deformation: 15, 30, 50, 70

and 80%. After the deformation double ageing was performed at 180, 220 and

250°C — one hour. Specimens that were deformed with the less intensive sche

dule of deformation had greater hardness and smaller electric conductivity com

pared to the specimens deformed by the higher intensity schedule of deformation.

The obtained difference in hardness and electric conductivity could associate,

in our opinion, with the larger dissolution of copper from GP-zones, at less inten

sive deformation.

VU-6. APPLICATION OF THE SIMPLEX PLAN IN POWDER

METALLURGY IN PLANNING AND EXPERIMENTAL

DATA PROCESSING

D. Trifunovic, N. Nedeljkovic and L. Stuparevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Belgrade

University, Technical Faculty at Bor

Study of the effect of various components on the properties of sintered

materials is a very complex process. There is little published data about it. The

application of mathematical statistics and experimental planning give results with

a smaller number of experimental data compared to classical methods. Applica

tion of the Simplex plan for data processing obtained by measuring the wear of

sintered materials based on copper is shown.

VH-7. CHANGE OF THE FRICTION COEFFICIENT AND WEAR VALUE

OF FRICTION MATERIALS BASED ON IRON, DEPENDING ON THE

SILICA CONTENTS

N. Talijan and D. Trifunovic

Institute of Chemistry, Technology and Metallurgy, Belgrade, and

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

A part of the investigations on friction materials based on iron which are

used for dry friction conditions is presented. Changes of the friction coefficient

and wear values were studied depending on varying percentage contents of silica.
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Vn-8. INFLUENCE OF THE PRECIPITATION PROCESS ON THE~

TEXTURE AND RESIDUAL ELASTIC STRAIN IN AlCu ALLOY

V. Sijacki— Zeravcic, M. Rouglic and V. Milanovic

Faculty of Mechanical Engineering and Faculty of Technology and Metallurgy,.

Belgrade University, Belgrade

The aim of this investigation was to determine the influence of the precipi

tation process on the texture and on the residual elastic strain retained in the ma

terial after treatment. Alloy with 4% Cu, 0.6% Mg, 0.6% Mn and 0.4% Si was

solution treated at 520°C for 1 hour, quanched into water and aged at 100°C for

1 to 120 min. Cold plastic deformation of 10, 40 and 70% was in one case intro

duced before and in the other after the ageing treatment. The results indicate

the appearance of 200 and 3 1 1 texture components for the first case and the 220

texture component for the second. The size of the restdual elastic strains was

determined according to the method of Warren and Averbach for the 1 1 1 —222

and 200 —400 pairs of reflections. In general, the results indicate that the longer

ageing time produces higher resudual elastic strains and that the sequence of the

introduced deformation has no influence upon it.
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Vm. ENVIRONMENTAL PROTECTION

VHI-1. MODELLING OF S02 DISPERSION FROM THE STACK OF THE

TRADE UNION CENTER IN BELGRADE

R. S. Cvijovid, S. Koncar—Djurdjevic and S. D. Cvijovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

A hydraulic model of the flow and dispersion of SO2 around the Trade

Union Center was formed. The model was examined under the influence of the

prevailing winds in the winter period. Local concentrations and mass transfer

coefficients were measured on the model. Concentrations of SO> were determined

at chosen points as well as the source characteristics. In situ concentrations were

correlated with model concentrations. The obtained results were in good agreement

with theory.

Vm-2. INVESTIGATION OF A COMMON MICROBIOLOGICAL

TREATMENT OF OIL REFINERY AND MUNICIPAL WASTE WATERS

B. Dalmacija, D. MiSkovic, 2. Zivanov and O. Petrovic

Faculty of Science, Novi Sad University, Novi Sad

A common microbiological treatment of oil refinery and municipal waste

waters mixed in the following ratios: 85/15, 70/30, 50/50 and 30/70 was studied.

By determining various parameters, in particular parts of the automated laboratory

double stage microbiological aeration tank, the sludge growth, oxygen consump

tion and substrate decomposition rate constant were established. Also, the influ

ence of easily biodegradable substances on the nitrification process, as well as

the biodegradation of surfactants, in both aeration tanks was investigated. Furth

ermore, technological parameters of the process were determined, the retention

time and sludge declining. On the basis of the obtained results, the process effi

ciency for various ratios of mixing waste waters was discussed.
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VIII-3. DETERMINATION OF THE PROPER ELECTROLYTE AND ITS

OPTIMUM CONCENTRATION FOR THE RECOVERY OF DISPERSED

MATERIAL FROM REFINERY WASTE WATER

S. Marie and 2. Zivanov

Faculty of Science, Novi Sad University, Novi Sad

In order to determine the proper electrolyte for the coagulation of dispersed

organic materials from refinery waste water, the effect of electrolytes which by

dissociation give polyvalent ions, was investigated. Al2(S04)s> AICI3, FeSOlj,

CaCk and KC1 were investigated with six concentrations of each. It was found

that electrolytes with tervalent cations gave the best results.

Vin-4. MOBILITY OF THE ORGANIC SUBSTANCE OF A RIVER SAVA

BANK SEDIMENT AT A NOVI BEOGRAD LOCATION

J. Cuckovic, P. A. Pfendt and B. Pctrovi£

Faculty of Science, Belgrade University, Belgrade, Institute of Chemistry, Technology

and Metallurgy, Belgrade, and Power Station „Nikola Tesla", Obrenovac (Termo B)

The sediments of some formations of the banks of the Sava river in the

region of Raney wells contain organic substance in the amount of several mg/g

of sediment. The mobility of this substance under the influence of water was

investigated as a part of a wider study on the nature of orgranic substance

in Sava tank sediments. This is very important since exploitation of Ranney wells

causes the intensive flux of water through sediments towards the banks. The

samples were taken in March 1982 from the bank near Novi Beograd. Static de-

sorption experiments were performed parallel to bidistilled, drinking and Sava

water in the course of 96 hours at 20°C. The COD of the substance which was

dissolved is 0.1 —0.7 mg/g of sediment. The amount of organic substance extracted

by chloroform from the three aqueous solutions is 330—487, 203—387 and 0—226

fig/g of sediment, respectively. However, adsorption predominates over desorption

in Sava water in some cases. Small differences in the dissolving effects of bidi

stilled and drinking water are most probably due to the differences in pH and

ionic strengths of these agents. The determined effects are discussed in relation

to the type of the sediment and distance from the Sava.

VD1-5. THE CHEMICAL AND MICROBIOLOGICAL CHARACTERISTICS

OF DANUBE WATER AT NOVI SAD

2. 2ivanov, S. Kapor, Z. Hain, S. Marie, E. Karlovid, B. Dalmacija,

Lj. Divljak, O. Petrovic, R. Halasi, J. Janjic and Lj. Conkic

Faculty of Science, Novi Sad University, Novi Sad, Institute for Application of

Nuclear Energy in Agriculture and Forestry, Zemun, and Laboratory of the Waterworks,

Novi Sad

As a part of the investigation of the treatment possibility for obtaining a

drinking water supply from the Danube, water was sampled near a possible water



C145

plant location. By modern methodology, basic chemical and biochemical parameters

in the samples were determined such as organic and inorganic micropollutants

as well as the microbiological characteristics. The investigations showed that

the way to drinking water will not be easy due to the content of different materials

in raw river water.

VIII-6. ACTIVE CARBON CATALYSES THE OXIDATION OF ORGANIC

MATERIALS IN DANUBE WATER

Z. Hain, Karlovid, S. KrCmarik, S. Marie, B. Dalmacija,

O. Petrovii and 2. Zivanov

Faculty of Science, Novi Sad University, Novi Sad

The possibility of the oxidation or organic matter in Danube water using

chlorine and air oxygen, was investigated. It was shown that only a small amount

of the matter is oxidized in this way. In the presence of powder or granular active

carbon this oxidation takes place very quickly and efficiently. The amount of

organic material decomposed in this way considerably exceeds that which could

be adsorbed and this shows that the adsorbent catalyses the oxidation process.

Vni-7. THE TIME RETENTION EFFECT ON THE AEROBIC

TREATMENT OF MILK WASTE WATER

A. Pfendt, B. Jankovii, 2. TeSid, S. Vukmirovii and B. Arandelovic"

Faculty of Science, Belgrade University, Belgrade, and Institute of General and

Physical Chemistry, Belgrade

Waste waters from milk processing industries are surface water pollutants.

The chemical concentration and specific concentration ratios of fat, sugar and

proteins in model waste waters represent a problem in aerobic treatment. In an

investigation of the behaviour of a model of milk waste water, the contact time

effect of milk processing waste waters by active sludges was tested. The experiments

were carried out on an „Ara System Attisholz" laboratory apparatus for continous

waste water purification by active sludge, the value changes of COD, BOD5 and

so uble phosphate concentrations were determined. The waste water retention

time was between 9 and 28 hours, the specific aeration was from 15 to 37.5 dm8

of air per active sludge suspension in dm3 per hour. With retention time increase,

the percent purification yiled of COD and BOD5 increased. The concentration

of the remaining soluble phosphate had a tendency to increase, too. The accumu

lated evidence implies phosphate extraction from dying microorganisms as well

as the formation of refractory substances.
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Vm-8. INFLUENCE OF THE BOR RIVER ON THE CONTAMINATION

OF THE TIMOR RIVER

B. Ristid and M. Ristic

Belgrade University, Technical Faculty at Bor

The investigations of waste waters from the Copper Mining and Smelting

Combine of Bor being accumulated in the course of the Bor River and its influence

on the water current of the Timok River are given as a review. The influence

of such waters on the banks and places not flooded was investigated, but the in

fluence of underground waters was considerable. The changes of pH values,

heavy metal ions, sulphate and other substance contents as well as the content

of solid suspended substances in the water current of the Timok River from the

mouth of the Bor River downstream were observed.

VIU-9. FLOTATION OF CUPRIC HYDROXIDE BY DISSOLVED AIR.

FLOTATION IN THE PRESENCE OF SODIUM OLEATE

2. Zivanov, E. Karlovid, D. MiSkovic, B. Dalmacija and Lj. Josic

Faculty of Science, Novi Sad University, Novi Sad

In this work the dissolved air flotation of cupric hydroxide in the presence

of sodium oleate as a collector was investigated. The effect of pH on flotation

recovery as well as flotation kinetics was particularly investigated. The results

of these investigations showed that the optimum pH range was from 7 to 9. The

maximum recovery was obtained at pH 9.

Vm-10. INFLUENCE OF PHENOLS IN SOIL ON THE GROWTH OF

YOUNG WHEAT PLANTS.

S. Blagojevic* and P. A. Pfendt

Faculty of Science and Faculty of Agriculture, Belgrade University, Belgrade

Phenolic compounds occur more and more often as pollutants of the environ

ment. Since there is a possibility of important agricultural crops being polluted

by phenols we have undertaken a study to examine the influence of various phenolic

compounds on the growth of wheat plants. The following phenols were used

for the experiment: phenol, 2,6-dimethyl phenol, 4-tert. butyl-phenol and 2-naph-

thol. Phenol and two alkyl-phenols were applied in the amounts: 300 and 50G

mg/kg of soil, whilst 2-naphthol in the amounts: 200 and 300 mg/kg of soil. Besides

experiments with phenols there was also a control. The influence of phenols on

the growth of wheat plants was determined by measuring the length and mass

of the upper part and expressing the results in indexes of destimulation. The

results show: 1) The influence of the examined phenols on wheat under experi
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mentol conditions is different. The sequence of their harmful effect towards wheat

is the following: 2-naphthol > 4-tert. butyl-phenol > 2,6-dimethyl-phen6l > phe

nol, i. e. with a decrease in molecular mass. 2) The values of the indexes of desti-

mulation mainly decrease with time.

Vin-11. INTERPRETATION OF PHENOMENA OF POLLUTANT DIS

PERSION ON THE GROUND IN PRESENCE OF HIGH VEGETATION

OBTAINED BY PHYSICAL MODELLING BY THE ADSORPTION

METHOD

O. M. Stojanovic and S. Koncar—Durdevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Regarding our numerous papers relating to pollutant dispersion investigation

in the presence of high vegetation by physical modelling and by using dynamic

adsorption, a number of phenomena were registered which require corresponding

explanations. As a result of our investigation in hydraulic channels, by the ad

sorption method „adsorption chromatograms" were obatined. These are coloured

surfaces obtained by the adsorption of objects that were formerly covered by

silica gel film. We turned our attention in this work exclusively to adsorption

chromatograms of the ground which were formed in the presence of trees. It was

found that there existed a difference between chromatograms obtained under

laminar, respectively turbulent, streaming of coloured solution. It was shown

that chromatograms of separate or groups of trees have different forms depending

on the shape of the crown, spatial disposition and mutual distance, because of

the interaction of separate streaming fields around the model of the trees. By

using the additional technique we tried to explain these complex phenomena

connecting them to spatial streaming and diffusional fields.

VIU-12. STUDY OF A STREAMING FIELD OF POLLUTED AIR AROUND

THE MODEL OF A PRISMATIC BUILDING

S. Koncar—Durdevic, A. Dekanski, S. Milojevic and M. Filipovic

Faculty of Technology nad Metallurgy, Belgrade University, Belgrade

Study of the streaming field around prismatic objects has significant im

portance, as the majority of buildings is of prismatic form. These studies were

made on objects „in situ" as well as on models in aerodynamic tunnels and hydraulic

channels. In our work these studies were made in a hydraulic channel, where

the dynamic adsorption method and application of the coloured jet technique

were used. For better spatial information of streaming fields additional surfaces

on which adsorption was made, were introduced. On the basis of the obtained

adsorption chromatograms diffusional, respectively streaming fields were recon

structed. It was shown as useful that the determinedjstream-lines are presented

in a spatial coordinate system. The results that we obtained are in accordance
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with results of other authors; application of the adsorption method enabled us

to complete this knowledge and treat it more precisely. Besides the streaming

field around the object itself, we comprised the disturbed zone behind it as well.

It was shown that its structure and the corresponding dimensions were in de

pendence of the Reynolds number.

VIH-13. INTERPRETATION OF PHENOMENA OF POLLUTANT

DISPERSION CAUSED BY THE INTERACTION OF HIGH VEGETATION

AND THE FRONTWALLS OF BUILDINGS ON THE BASIS OF PHYSICAL

MODELLING BY THE ADSORPTION METHOD

S. Koncar—Durdevic and O. M. Stojanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

We tried in this paper to explain physically the adsorption chromatograms

of the front surfaces obtained by the application of the adsorption method on

physical models. The model in the streaming system was: high vegetation — the

front wall of a high building. It could be seen that shape of the chromatogram

was influenced for the determined system by the streaming regime as well as

by the distance between the objects. The use of additional techniques of investiga

tion: application of auxiliary adsorption planes and coloured jets, enabled us to

get a more complete idea of the streaming, and through it the image of complex

special phenomena occurring in the presence of the studied objects.
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ELECTROCATALYTIC EFFECTS OF FOREIGN METAL ADATOMS
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1. Introduction

2. Formation of adatoms by the underpotential deposition of metals

3. Some physical and electrochemical properties of the surfaces covered by foreign

metal adatoms

4. Catalytic effects of foreign metal adatoms

4.1. Redox reaction

4.2. Oxidation of organic molecules

4.2.1. Formic acid

4.2.2. Methanol

4.2.3. Formaldehyde

4.2.4. Other molecules

4.3. Oxygen reduction

4.4. Hydrogen evolution

4.5. Metal deposition

' 1. INTRODUCTION

A paramount role of a surface in the electrocatalytic reactions has been

realized with the establishement of electrocatalysis as a science. Consequently, a

modification of the surface properties may result in a considerable alteration of

the electrocatalytic properties of the electrodes. The aim of this paper is to review

the work which describes the electrocatalytic properties of the electrode surfaces

modified by foreign metal adatoms. The review will be focused only on the work

done in the author's laboratory. A more comprehensive review covering also the

contribution of other laboratories will be published elsewhere1. This modification

is very simple since it is based on the formation of adatoms by the so called un

derpotential deposition of metals. The phenomenon involves the formation of up

to a monolayer of metal adatoms at the potentials which are more positive than

the potential of reversible deposition of the bulk phase. The underpotential de

position offers a unique possibility to form submonolayers of metal adatoms at

equilibrium conditions, and to vary their coverage by changing potential and

concentration of the corresponding cations, i. e. a controlled modification of

the surface properties.

1



2 R. K. AD2IC

Catalytic effect have been observed first with redox reactions2 but pronounced

effects have been first observed in the oxidation of formic acid3-10, formaldehyde11,12

and methanol13 on noble metal electrodes. It has also been shown that the processes

of oxidation of other organic molecules14-18 oxygen reduction17-20 and electrode-

position of metals19 could be catalysed. Both, catalytic and inhibitory effects have

been observed with the redox couples1,2, while in the hydrogen evolution reaction

on the noble metals a strong inhibition has been found21,22.

This provides a clear illustration of the necessity for the surface-oriented

studies of the electrocatalytic reaaions. The modification of the upmost surface

layer is sufficient sometimes to alter the reaction rate by several orders of magni

tude. It calls for focussing electrocatalysis studies on the properties of the surface

layer. The results proved helpful in explaining several complex reactions and

furnished some ideas for designing new catalysts. All this provides a ground for

a development of a new area in the science of electrocatalysis. Practical application

of these effects has to await their long-term tests.

2. FORMATION OF ADATOMS BY THE UNDERPOTENTIAL DEPOSITION OF

METALS

The underpotential deposition (upd) of metals has been in the focus of in

terest of the several electrochemical groups around the world in the last decade.

Besides electrocatalysis, it is important in surface chemistry and physics of the

interfaces, and electrocrystallization and metallization of semiconductors. (See the

excellent review by Kolb23 and references therein). The most recent work with

single crystal surfaces has been reviewed by Juttner and Lorenz24.

The underpotential deposition involves a formation of up to a monolayer

of atoms on foreign substrates at potentials which are more positive than the po

tential of the reversible deposition in the same solution. The fact that upd exists

means that the chemical potential of adatoms deposited at the underpotentials

((i.ad) is different from that of the corresponding bulk metal (fAmetai)- The ad

atoms are more strongly bound to the surface of the foreign substrate than to the

surface of its own species. This is measured by the magnitude of the upd effect,

and can be used to determine the binding energies of the substrate and the ad-

sorbate atoms23. The difference of the chemical potentials is given by the follow

ing equation23:

|i(0)art — fractal = Z e0(Ead(6) — Er) = 2«0A£P, (1)

where £(8) is the electrode potential necessary to reach a coverage 8r, Er is the

Nernst potential for the respective bulk metal deposition, and A£p is the potential

difference between bulk and monolayer stripping peaks. The other symbols have

their usual meaning. The difference in the chemical potentials of the adatoms

and the corresponding bulk metal is a measure of the binding energy between

the adsorbed species and the substrate.

In an effort to explain the physical nature of the upd Kolb et al.25 correlated

AEp, the potential difference between bulk and monolayer stripping peaks, with

a difference in a work function, AO, between the substrate and the adsorbate.

It has been found that eA£p, the „excess" binding energy, depends linearly on AO,

eoAfp = 0.5 A<t>. (2)
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The relation has been found very satisfactory for the polycrystalline elec

trodes. It appears, however, that in such a simple form it cannot be applied to the

upd on the single crystal surfaces24,28. In that case the adsorption energy is not

only determined by the electronegativity difference of the two metals expressed

as AO, but also by the lateral (horizontal) interactions between the adsorbed

panicles and the vertical interaction between the adsorbed panicles and the sub

strate. Both interactions depend on the substrate and adsorbate structure. This

is probably valid only for the systems with a small AO, e. g. Pb on Ag. In systems

with a large AO attractive interaction is not expected. Some other correlations

have been proposed by Trassati27 and Vijh28.

A difference in AO can be considered as a measure of the ionicity of the

adatom-substrate bond29. As a consequence of the partial charge transfer in these

systems, a dipole layer will be formed to establish electronic equilibrium between

the substrate and the adsrobate. The partial charge on ad atoms is usually small

and cannot be determined experimentally. However, the electrosorption valence, y,

defined by Schultze and Vetter30, which describes the potential of the electro

sorption equilibrium and the charge flow, can be determined. In an excess of

supporting electrolyte, the electrosorpction valence y is given by

V = - l/*F(djm/drM)B (3)

where qyi is the total charge on the metal and Tm the surface concentration of

adatoms. Swathirajan and Bruckenstein31 have defined recently a dynamic electro

sorption valence ya that takes into the account both charge separation and leakage

processes across the interface.

The electrosorption valence depends on the nature of the atoms constitut

ing the adsorbate and substrate, electrolyte and coverage of adatoms. Of special

importance for the electrocatalytic properties of the surfaces partially covered

by foreign metal adatoms are the binding energies between adatoms and substrate

and their electrosorption valencies. These two values are related since the differ

ence in the work functions determines the ionicity of the bond, i.e., the partial

charge transfer which makes the main contribution to the electrosorption valence.

Gerischer et a/.32 have calculated absolute binding energies by adding to the ex

perimentally determined difference, ze0&Ep, the heat of sublimation of the de

posited metal as a measure for (xmetai-

Measurements with single crystal surfaces. Several aspects of the metal ad

atoms formation on the foreign substrates have received attention recently. These

include structure, kinetics, mechanism of growth and thermodynamic properties.

A pronounced influence of the substrate surface orientation on the upd has been

first demonstrated by Azdic et a/.33 in the case of lead deposition on gold. It appears

that a considerable number of studies on the single crystal surfaces will furnish

a wealth of information on the atomic level about the upd. A controversy has

arisen about the interpretation of upd in some systems with low AO. According

to one view upd represents the two-dimensional (2D) nucleation leading to phase

formation in the metal monolayer deposition. The other view is that upd is an

adsorption process with strong attraction between the adatoms. The multipeak

structure, and the corresponding distinct steps of the isotherms, indicate a stepwise

formation or dissolution of monolayer. The exceptionally narow peak for the

upd of Pb on Au (1 1 1) led Adiii et al.33 to assume a phase transition as its expla
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nation. The effect of the lateral attraction between the adatoms is pronounced

on(l 1 1) faces of fee metals yielding an interaction parameter of a Frumkin isotherm

0 < g < 4 24. This is apparently not valid for the substrate-adsorbate pairs with

a high A<1>, e. g. Bi on Pt. These systems probably obey the adsorption model.

Kolb23, Bewick and Thomas26 and Schultze and Dickertmann34 have concluded

that a phase transition is operative in the upd, while Jiittner and Lorenz24 advocate

a continuous M2+ adsorption model.

Another level of sophistication in these studies has been achieved with char

acterization of single crystal surfaces and the upd adsorbates ex-situ by

LEED and Auger35. The RHEED36 technique has revealed that underpotential

deposition of 2/3 of a Cu monolayer on Au (1 1 1) has a (\/3 x y/2>) R 30n super

structure, which is a direct evidence for the occurrence of ordering in the electro-

chemically formed metal deposit. Yeager35 and Hagans 37 have used LEED Auger

and a thin layer electrochemical cell to study the upd of Pb on Au single crystals

with (100), (110), (111) and (410) orientations. LEED shows ordered structures

of Pb on Au in agreement with the gas phase results32. The phase transitions have

been found to fit well with the sharp peaks on the (100) and (1 10) surfaces. The

deposition and the removal of Pb from the Au (111) surface probably involves

a condensation (i. e. nucleation) mechanism where the very small amount of

Pb (0.01 monolayer) condenses into the growth centers (i. e. nuclei), where further

Pb deposition takes place. Evidence for this is a step-like isotherm for the (111)

surface.

3. SOME PHYSICAL AND ELECTROCHEMICAL PROPERTIES OF THE ELECTRODE

SURFACES COVERED BY THE FOREIGN METAL ADATOMS

Work function and the point of zero charge. A formation of submonolayers and

monolayers of foreign metal adatoms certainly causes drastic changes of some

properties of electrode surfaces, since usually the nature of the metal constituting

an adsorbed layer differs considerably from that of the substrate. The work function

of the metal surface, as shown in the gas phase measurements, is considerably

altered by the adsorption of foreign atoms. In the more general case, where the

binding is covalent or metallic, a simple physical interpretation of the measured

dipole moment is more difficult to establish38, primarily because of the more

complex spatial redistribution of the charge associated with electron sharing as

compared to electron transfer found with alkali metals. This obscures the physical

origin of the measured dipole moment. Takanayagi et al.39 have reported the only

example of the work function measurements with the system of interest for electro-

catalysis. The work function of Ag decreases with Gpb. The charge transferred

from Pb to Ag is of the order of only a few per cent but sufficient that the result

ing dipole produces a measurable work function change.

The potential of zero charge, one important property of the electrode-electro

lyte interface, is directly related to the work function. The electrochemical forma

tion of the monolayers of adatoms should lead to considerable changes of the

work function, i. e. the point of zero charge. This could be inferred from

the double layer capacity measurements. Hupp et a/.40 have found that the

lead layers on silver, having coverages in the vicinity of a monolayer and beyond,

exhibited double-layer properties that are very similar to those for a polycrystalline

lead electrode, and markedly different from those of clean silver. These results
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suggest that the surface atomic layer predominantly influences the double layer

structure. This is in agreement with a decrease of the work function of Ag with

increasing 8pb.

Optical properties. The electronic properties of the electrode surfaces covered by

the foreign adatoms have been studied in situ by differential reflectance spectro

scopy, modulation spectroscopy (electroreflectance) and Mossbauer spectroscopy.

Among the first electrochemical systems studied by reflectance spectroscopy was

the underpotential deposition of metals33 41. These studies have been recently

reviewed by Kolb23. The real and imaginary parts of the monolayer dielectric

constant can be obtained by reflectance measurements, using the film thickness

determined by coulometry. The latter can be avoided using ellipsometry23.

The optical properties of submonolayers and monolayers of the adatoms

are markedly different from the properties of bulk phases. This has been demon

strated for Pb on Au33, Ag on Pt42, Cu on Pt23, Pb, Cu and Tl on Au43 and Tl on

Ag23. Only four to five monolayers of Ag on Pt are sufficient for a film to acquire

bulk optical properties of Ag42. Real and imaginary parts of the complex dielectric

function for a Cu monolayer on Pt bear some resemblance to the contribution

of bound electrons to the total dielectric function of Cu23. Kolb44 has shown that

monolayers of Pb on Ag (1 1 1) single crystal surface exhibit an anisotropy of the

metal monolayer optical constant with a much larger absorption tangential to the

surface than normal to it. An evidence for the surface plasmon excitation was

found with this system. This result provides again the support for the formation

of a regular adlayer structure in the metal monolayers deposited at underpotentials.

Recently Kolb et a/.45 have obtained structural information for H, Cu and Pb

on Pt (110) and Pb on Ag (110) by using differential reflectance spectroscopy at

normal incidence.

Hydrogen adsorption. Hydrogen is deposited at underpotentials on several noble

metal electrodes. The adatoms of Pb, Bi, Cd, Tl, Cu, Sn etc., cause a suppression

of hydrogen adsorption, the extent of which is dependent upon the size of the

adatom and the bond strength with the substrate. A simple linear relation has

been reported for platinum between the amount of desorbed hydrogen and the

coverage of adatoms (see the review by Kolb and references therein23). A simple

linear relation is usually found for platinum between the amount of the adsorbed

atoms and the amount of desorbed hydrogen23. This relation indicates the uniform

deposition of adatoms which will be further discussed in connection with hydrogen

evolution. Larger atoms are more effective in suppressing hydrogen adsorption

on Pt. There is no much agreement about the number of hydrogen atoms desorbed

by ceratin metal adatom. Fig. 1. shows the upd of Bi on Pt(hkl).

From the electrocatalytic point of view it is important to know the energy

state of the uncovered substrate atoms when submonolayers of adatoms are formed.

In other words, what is the interaction of the foreign adatom with the neighbouring

uncovered substrate atoms. This can be inferred from the position of the peaks

for hydrogen adsorption on uncovered sites. This energy can be determined from

the linear potential sweeps down to 0.001 eV, the sensitivity unparalleled in the

gas phase. Adzic and Podlavicky7, have pointed out that the position of the peaks

for the hydrogen adsorption on a potential scale is invariant to the coverage of

lead adatoms. This suggests that the uncovered platinum atoms behave as a pure

platinum surface. This seems to be analogous to a behaviour of some alloys whose

components behave as in their pure phases48, which has been explained by the
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„minimum polarity" model of alloy formation47. The same behaviour is exhibited

by As, Cu, Pb and Sn on platinum (see the ref. 1 and references therein).

Invariance of the peak potential for H adsorption on Pt is an indiaction that

the interaction (vertical) between the adatom and the substrate is totally confined

to that bond. The interaction of an adatom with the neighbouring substrate site

(indirect horizontal) is negligible. This means that when reaction takes place,

only on uncovered surface atoms their catalytic activity may be regarded as the

aativity of the pure phase18.

Alloy formation at underpotentials. When studying the electrocatalytic properties

of the electrode surfaces covered by the foreign metal adatoms it is important

to have information on alloy formation. This problem has been reviewed by Kolb23.

Alloy formation can be identified from kinetic measurements. It is usually much

slower than adatom formation due to the high kinetic barrier diffusion coefficient,

D X 10-16 cm2 s_1 48. On the other hand, depending on the time of formation,

alloys give much higher charge densities, than the monolayer.

Schultze et al.48 reported an illustrative example of alloy formation at the

high rate in the case of Cd adatoms on Au. At large underpotentials and low tem

perature no alloy is formed. A potential determines the coverage of Cd and the

alloy composition on the surface, while the temperature affects a temperature

dependent diffusion coefficient48. Cd49 and Sn50 adatoms form alloys with the

Ag substrate.

McBreen et al.51'52 have reported that Zn forms at least two alloys with

silver at small overpotentials. One was identified as AgZn3, the other as p -phase

of AgZn. Alloys have been also found with Zn on Cu and Au substrates.

The polycrystalline surfaces have no defined grain and subgrain boundaries

which affect the diffusion process. This can be excluded by using the single crystal
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surfaces. Juttner and Lorenz24 reported that the rate of alloy formation (Ag/Cdad)

is much lower on a real single crystal surface than on a polycrystalline substrate.

It is much higher on (100) than on (1 1 1) Ag single crystal surface.

4. CATALYTIC EFFECTS OF THE FORIEGN METAL ADATOMS

4.1. Redox reactions

The outer-sphere charge transfer reactions are typical „non-catalytic" proc

esses. The study of the kinetics of such reactions at the metal surfaces covered

by the monolayers or submonolayers of the foreign metal adatoms can give some

information concerning the simple charge transfer on such surfaces, and test the

use of these reactions as a probe of the state of the adatoms. The charge-transfer

process in these reactions takes place in the outer Helmholtz plane, consequently

it should not be considerably affected by the metal adatoms. The experimental

data for Fe^/Fe3* and Ti3+/Tl4+ reactions on Au/Agad and Fe2+/Fe3+ on Pt

with Pb, Cd, Bi, Tl and Cu adatoms2 are in agreement with the above conclusion.

Several effects of foreign metal adatoms have been considered in explaniing an

approximately two-fold change of the exchange current density of the Fe2+/Fe8+

couple2. An increase of the rate has been found with Au but inhibition with Pt.

(i) The work function and the pzc of the substrate should be changed as

discussed in the preceding section. The change of pzc should change the 92 po

tential which would change the concentration of ions in the outer Helmholtz plane.

(ii) The surface potential of the substrate should also change, but this would

again affect the 92 potential.

(iii) The monolayer of foreign adatoms can change the electron density of

states of the substrate. The change of the electron density of states has been assum

ed as an acceptable explanation of the effects of foreign metal adatoms on the

rate of the simple redox reactions when the first two effrects have been made

negligible using concentrated electrolytes.

4.2. Oxidation of organic moleecules

4.2.1. Formic acid. The oxidation of small organic molecules, such as HCOOH,

CH3OH and CH2O, continues to attract the attention of the electrochemists since

the pioneering work of Miiller.

A special interest for these reactions has been expessed in early sixties in

connection with a development of fuel cells. The subject has been reviewed several

times86-88. A common feature of these reactions is their low rates even at the

best available electrocatalyst — platinum. The activity of electrocatalysts decreases

continuously with time, which is caused by adsorption of the strongly bound

intermediates formed in these reactions.

There is a growing evidence that in the oxidation of these three molecules

the same strongly bound intermediate, COH, is formed33,54. The dehydrogenation

XXX

of CH3OH and CH2O can cause the direct formation of COH, while in the oxi-

XXX

dation of HCOOH a participation of Had> or another HCOOH molecule, is nec

essary55. The same species has been found in the oxidation of CH456- There
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has also been some support for a species like CO57, or a species Cg Hp Oq58 which

XX

is a combination of COHjtnd COOH with a predominance of COH under certain

XXX

conditions. The nature of the strongly bound intermediate in these reactions has

been rewieved by Breiter59.

Improvements of the catalytic activity of the existing catalysts, stabilization

of their performance and a synthesis of new ones, appear to be a challenge to the

science of electrocatalysis. The catalytic effects obtained by the foreign metal

adatoms look like a big step towards a solution of these problems. A considerable

activity of some electrode surfaces modified by the adatoms have been reported

for several reactions. Long term testing of these catalysts, which is necessary for

assessment of their technological applicability, is still lacking.

Adzic et al. have reported striking catalytic effects of Pb, Bi, Tl and Cd

adatoms on the oxidation of HCOOH on Pt3-6 Rh8,9 Ir5 and Pd10.

A review of the reaction mechanism of the oxidation of HCOOH on Pt

is outside the scope of this chapter. The mechanism proposed by Capon and Par

sons5455 supported by the effects of the foreign metal adatoms5, will be shortly

outlined. The oxidation of HCOOH most probably begins with oxidative dehyd-

rogenation,

HCOOH -> COOH + H+ + e (4)

X

The alternate mechanisms, involve oxidative electrosorption at the carboxyl acid

group60. It is intriguing that in the gas phase oxidation of HCCOH it is almost

unanimously assumed that on most metals the first step is a removal of H from

the carboxyl group61. The carbon bound H seems preferentially removed electro-

chemicaly. These differences deserve a further attention. In a direct pathway

COOH is oxidized to C02,

X

COOH -»• C02 + H+ + e (5)

X

The strongly bound intermediate COH can be formed in the interaction of COOH

XXX X

with hydrogen adsrobed on Pt:

COOH + 2 Had -> COH + H20 (6)

X XXX

This species can be formed at the more positive potentials, where Had does not

exist, in a disproportionation reaction55, which can also produce another intermediate

C(OH)2:

XX

HCOOH + COOH -> COH + CO2 + H20 (7)

X XXX

HCOOH -f COOH -> C(OH)2 + C02 + H+ + e (8)

X XX

The oxidation of C(OH)2 is slow and it also blocks the electrode surface55.

XX

Adatoms of Pb, Bi, Tl, Sn, Cu block the hydrogen adsorption on Pt, 6h -»■ 0

when 6 m -> 1. In their presence the reaction (6) is eliminated. If Om -> 1 the oxi

dation of HCOOH is also blocked. At lower coverages, the reaction can proceed
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along a direct pathway given by the reactions (4) and (5). Adsorption of C (OH)2

is suppressed on surfaces partially covered by adatoms since it requires two Pt

sites. These are two origins of the catalytic effects of the foreign metal adatoms4-10.

Fig. 2 gives the effect of Pb adatoms. The identical result has been obtained re-

 

E/YvsSHE.

Fig. 2. Oxidation of HCOOH on bare Pt and Pt/Pb.d electrode in 1 mol dm 3 HCIO4 + 0.26

mol dm-» HCOOH. c(Pb2+)= 0 ( ) and 1 x 10-3 mol dm-3 ( ). Sweep rate 50

mV s-k-s.

cently by Pletcher and Solis62. The oxidation of HCOOH to CO2 is a fast reaction

giving a peak at 6pb ~ 0.55,62. The rate constant has been found to be independent

of 6pb, k has the value of 1 ± 0.5 x 10-15 cm s-1. Fig. 3 gives the potentiostatic

steady-state measurements of the oxidation of HCOOH or Pt/Pba(i as a function

of cpbz+in the electrolyte413. The size of the catalytic effect is somewhat smaller

than in transient measurements (Fig. 2). 6pb varies with potential, which is the

cause of different Tafel slopes4. Fig. 4 gives the oxidation of HCOOH on Pt with

Bi, Tl and Cd adatoms. A difference in the size of the effect has been explained

on the basis of a competitive adsorption of the adatoms, formic acid and its inter

mediates5,13. An indication of the correlation of the size of effects and the electro-

sorption valence of adatoms was found, but suprisingly no correlation with the

bond strength between the adatoms and the substrates could be obtained68. Lead,

Bi, Tl and Cd adatoms cause similar catalytic effects in 85% H3PO4 as in 1 mol/dm3

HCIO464.

The oxidation of HCCOH on Rh8 9 Pd10 and Ir 5, is also catalysed by foreign

metal adatoms. As an illustration, the effects of Pb adatoms are given in Fig. 5.

Rhodium exhibits the electrochemical behaviour in many aspects similar to that
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Fig. 3. Oxidation of HCOOH on Pt/Pb.d as a function of c(PbJ+) in 1 mol dm-8 HClO«+0.26

mol dm-3 HCOOH. Measurements taken after 90 s at each potential 1S.

 

Fig. 4. Oxidation of HCOOH on Pt with Cd, TI and Bi adatoms in 1 mol dm~s HC104 + 0.26

mol dm-» HCOOH. c(Cd«+)= 1 x 10-»,e(Tl+)= 1 x 10~3 and c (Bi3+) = 5 x 10-«moldm-3.

Sweep rate 50 mV s_1 *.

of platinum, which apparently also applies to the oxidation ofHCOOH. A dual-path

mechanism has been found by Sobkowski and Zelenay65", similarly to the one

for Pt, although the chemisorbed intermediate appears as a mixture of COOH

and CO coupled by the hydrogen bonding. On the basis of cyclic voltammetry

and specular reflectance studies it has been concluded that the mechanism of

the catalytic effect of Pb, Bi, Tl and Cd adatoms is the same as that for Pt9.

Palladium is known to form no strongly bound intermediate COH54. A

XXX

catalytic effect in its case only through a suppression of the adsorption of C(OH)2,

XX

i. e. as „ensemble" effect. Two- to threefold increase of the current density has
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been observed in the presence of Pb, Bi, TI, Cd, Cu and Ag adatoms10. Inhibition

occurs for 8m > 0.5. Apart from the absence of COH, the mechanism of the oxi-

XXX

dation of HCOOH on Pd has some similarity to that for Pt. Some authors beleive59,

contrary to the electrochemical mechanism, that a catalytic dehydrogenation

occurs giving CO2 and H2, followed by the electrochemical oxidation of H2. It

seems that catalytic effects of the above adatoms do not support this mechanism

since, even at small coverages, they should inhibit the oxidation of H2. Smaller

catalytic effects with Pd are considered as an indirect proof for the explanation

of the main catalytic effect with Pt, Ir and Rh5. Iridium shows a small activity

for the oxidation of HCOOH. This contrasts its behaviour in the gas phase46.

It has been attributed to a very limited double layer region of the Ir electrode55.

The effects of Pb adatoms are relatively large (Fig. 5). The same explanation as

 

Fig. 5. Oxidation of HCOOH in Rh, Ir and Pd bare

and with Pb adatoms modified electrodes in 1 mol dm-3

HCIO4+ 0,26 mol dm"8 HCOOH. Dashed lines: bare

surfaces, full lines with 1 x 10"3 (Rh), 1 x 10"2 (Ir)

and 2.5 x 10"* (Pd) mol dm"3 Pb3+ in elecrolyte.

Sweep rate 50 mVr1 for Ir and Pd and lOOmVs"1

for Rh ».

 

1.2 e/v

for Pt and Rh is apparently valid for Ir5. Gold is a poor catalyst for the oxidation

of organic molecules in acid solutions. The inhibition has been observed with

Bi adatoms at 80°C. This temperature was necessary to obtain an overlap of the

upd of Bi and the oxidation of HCOOH. No poisoning effects have been found

with clean Au which explains the inhibitory effects of Bi adatoms65.
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Alloying Pt with Rh gives an enhancement because the Ru oxides are effec

tive in the oxidation of strongly bound intermediates. Such surfaces can be modi

fied by adatoms to produce a combined effect which is larger than the effect of ad-

atoms on pure Pt66. The adatoms are assumed not to adsorb on the Ru-oxide. The

optimal composition of alloys is 79% Pt 21% Ru. Large effects have been observed

with Bi and Tl, but smaller with Cd adatoms. Alloying of Pt with Pb and Sb67

caused an improvement of its catalytic activity. These improvements clearly have

a common origin with the effect of foreign metal adatoms. The oxidation ofform

ates on Pt is catalysed by Pb, and Tl adatoms in alkaline solutions14 and by

Pb in neutral solutions. The explanation of effects is similar to the one for acid

solutions15. Inhibition is found however with Pb adatoms on the palladium electrode

in alkaline solutions65.

The analysis of the catalytic effects. In their semiquantitative analysis of the cata

lytic effects of adatoms Adiic et a/.5 assumed that no COH is formed under these

XXX

conditions. As suggested by Capon and Parsons55, the self-poisoning comes also

from the adsorption of the C(OH)2 intermediate. In the presence of adatoms the

XX

current associated with the rate determining reaction (4) can be writen in the

following form:

i = *i (1 - 0) exp (1 - a) EFjRT (9)

where 6 is the total coverage of the adsorbed species and 0 m the coverage of adatoms,

6 - 0M + 6MeC(oH), (10)

Since C(OH)2 requires two sites for its adsorption, one adatom covering one site

XX

prevents the adsorption of C(OH)a on the nearest neighbour. Then for 6 m < 0.5,

XX

6C(OH). = 1 - 20 M (11)

i.e., a part of the Pt surface equal to 6m is not covered either by the ada

toms or the organics. When 6m 5> 0.5 no C(OH)2 or COH can be adsorbed

XX XXX

on the surface, therefore, 0 = 6m. On the basis of this model, and assuming

the Temkin behaviour for the adsorption of the adatoms, the essential features

of the voltammetry curve can be reproduced. Fig. 2 shows that at 6 u = 1, i = 0.

At 6 m = 0.5, the peak of the current is obtained5. This analysis is applicable

for the effects of adatoms on Rh and Pb and less successfully for Ir.

Specular reflectance studies. In studying catalytic effects of foreign metal adatoms,

reflectivity measurements have been used in situ to monitor coverages of Pb and

Cd adatoms with simultaneous oxidation of HCOOH7. These measurements have

provided answers to the following questions: i) is adsorption of adatoms affected

by the adsorption of HCOOH and its intermediates? ii) why are the catalytic

effects of Pb, Bi and Tl much larger than the effects of Cd, although they suppress

hydrogen adsorption in a similar way?

Fig. 6 shows the modulated reflectivity — potential curves for the upd

of Pb on Pt (a), the oxidation of HCOOH on Pt (b) and the oxidation of HCOOH

on Pt with Pb adatoms (c). The curves show that under the potential sweep condi
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tions HCOOH and its intermidiate do not affect the adsorption of Pb. The opposite

is found with Cd7 which explains its small effect. The same conclusions are ob

tained for Rh9.

Fig. 6 illustrates the remarkable possibilities of the specular reflectance

when used as the optical read-out of the process taking place at the electrochemical

interfaces. It gives the possibility of following one surface reaction while two or

more occur simultaneously regardless of the magnitude of the currents associated

with them, provided a gas evolution does not occur.

 
(a) J

(b) "J

—Pl/Pbtrf/HCOOH

— Pt/HCOOH

16 E/VvsSHE

Fig. 6. Different reflectivity-potential curves

for bare Pt and Pt/Pbad electrodes in the ab

sence (a) and in the presence of HCOOH (b)

1 mol dm-3 HC104 + 0.26moldm-3 HC104and

1 x 10"s mol dm-3 Pb2+. Sweep rate 20 mV rl,

modulating potential lOOmVp—p. X = 470 nm,

parallel polarization13.

These data have provided a basis of a method for a determination o f the

true catalytic activity of electrodes in the case of some self-inhibiting reactions5.

For the oxidation of HCOOH, it has been shown above that at 6 m^0.5 no poison

ing species could be adsorbed on the electrode surafce. Thus, at that coverage,

a half of the true activity of the electrode is seen for the reaction in the main path

way. This procedure can be justified only if the foreign metal adatoms do not

affect the properties of the neighbouring bare catalyst atoms. In the case of Pt this

has proved as explained in section 3.

Single crystal studies. Pronounced structural effects on the kinetics of oxidation

of HCOOH, CH3OH and CHzO have been reported by Ad2ic et cd. 67-«9. Clavillier

et a/.70-71 have obtained similar data for HCOOH and CH3OH. Pb and Bi adatoms

cause pronounced catalytic effects in the case of the Pt (100) and the Pt (1 10) sur

faces. Less pronounced effects are obtained with the Pt (1 1 1) surface which, due

to the lack of adsorption of COH, shows the highest activity. Fig. 7 gives the data

for the Bi adatoms. Catalytic effects are seen with all three planes at small coverages

of Bi, but the inhibition at larger ones, up to the potentials ofa considerable dissolu

tion of Bi. Table I and Fig. 8 give the hypothetical superlattice structures of the

Bi adatoms obtained from a comparison of the experimental charge associated

with the upd of Bi and the calculated value for a given structure. Both catalysis

and inhibition are observed at considerably lower coverages with the Pt (111)
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0 8 E/V

Fig. 7. Oxidation of HCOOH (0.26 mol dm"3) on single crystal Pt electrodes in 1 mol dm-' HCIO4

without ( ) and with ( ), (-. — .-) Bi adatoms. [(-) 1 x 10"* and (— . — )

5 x 10"s mol dm-3 Bi3+, except for the Pt (111) where (-) is for 1 x 10"» mol dm"* Bi3+] •*.

 

PI(K»)-(2"2)Bi Pt(!K))-C(2-2)Bi

(1-2)

P«m)-(2"SBi

 

PKlOa C(2>2)B Pl(IB)

-C(2»2)B. C(2-2)

0-2JB. [1>2>Bi

PI (lit)

Fig. 8. Hypothetical superlattice structures of Bi adatoms on Pt single crystal electrodes resulting

in catalysis and inhibition of the oxidation of HCOOH. See Table I for other details «s.

face than with the other two surfaces. The inhibition caused by (\/3 X V 3) R 30°

superlattice structure indicates that the bismuth adatom effectively blocks three

Pt atoms at a triply coordinated site. HCOOH apparently cannot react with triply

coordinated sites formed by partially covered Pt atoms. A verification of these

structures by LEED will provide a further insight into the mechanism of the

catalytic effect of foreign metal adatoms.
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TABLE I. Hypothetical superlattice structures of Bi adatoms on the Pt singlye crystal electrodes

and their effects on the oxidation of HCOOH at E - 0.3 V.

Surface
c(Bis+)

mol dm-3

Q,y.C cm-2

Structure Effect

Experimental Calculated

Pt(100) 0.01 190 156 -(2x2)Bi Catalysis

0.05 339 312 -c(2x2)Bi Inhibition

Pt(llO) 0.01 241 220 -c(2x2)Bi

(1x2)

Catalysis

0.05 505 440 -c(2x2)Bi - c(2x2)Bi

- (lx2)Bi - (lx2)Bi

(2 layers)

Inhibition

Pt(lll) 0.001 126 120 - (2x3)Bi Catalysis

0.05 287 241 - (\/3"x V3)R30°Bi Inhibition

4.2.2. Methanol. The oxidation of methanol takes place at the more positive poten

tials than formic acid. Hydrogen adsorbed on platinum metals apparently does not

take part in a formation of COH as in the case HCOOH. Therefore, the main

XXX

origin of the catalytic effect in the oxidation of HCOOH is not operative with

CH3OH. As expected, lead adatoms cause only a small enhancement in the oxida

tion of CH3OH on Pt13. The reaction probably takes place stepwise, with a remov

al of the first hydrogen being the rate determining72,

CH3OH -> CH2OH + H CHOH + H -> COH + H (12)

X X XX X XXX X

McNicol73 reviewed recently this topic. The lead adatoms could affect some stage

in the reaction (12), or the oxidation of small amount of HCOOH which is formed

in the oxidation of CH3OH74.

4.2.3. Formaldehyde. The oxidation of formaldehyde has recieved less attention

than that of formic acid or methanol. The data on this reaction are also contra

dictory. Frumkin et al.n have concluded that upon adsorption on Pt, formaldehyde

undergoes dehydrogenation but the evidence for hydrogenation has also been

found. The species chemisorbed on Pt behave as chemisorbed CH3OH. Breiter58

has found no difference in chemisorbed species obtained in adsorption of CH2O,

CH3OH and HCOOH on Pt. Loucka and Weber76 have found the existence of

CO species in the adsorption of CH2O on Pt, in agreement with the data of Sidhe-

swaran and Hira Lai77. Using the radioactive tracer method Kazarinov and Tisya-

chnaya78 have shown that the COH species forms in the oxidation of CH2O. Ba-

gotzky et a/.79, on the basis of the literature data, have concluded that most probably

the CO species is initially formed, but in the potential range E = 0.0 — 0.4 V

it undergoes a hydrogenation giving COH. Only at more positive potentials CO

or COOH species can be observed. Most recently Kazarinov et al.60 have demon

strated, by combined radiotracer and electrochemical measurements, that the ad
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sorption of CH2O on the platinized Pt electrode in acid solutions initially

goes a dehydrogenation,

CHzO -> CO + 2Had (13)

with a subseguent oxidation of Hm at E > 0.4 V. In the potential range of H

adsorption on Pt, E = 0.01 — 0.35 V, or at open circuit, CO is reduced to COH,

CO + H -+ COH (14)

The adatoms of Pb, Bi, Tl have pronounced catalytic effects, shifting the beginning

of the reaction by 400 mV to the less positive potentials11, l*. The same mechanism

of the catalytic action of adatoms as for HCOOH has been proposed12. Unusually

high activity of Au for the oxidation of CH2O in alkaline solutions has been

reported, which can be further improved by adatoms of Pb and Tl81.

The catalytic effect of Pb and Bi on the oxidation of CH2O on single crystal

Pt electrodes have also been reported82. The most pronounced effects have been

found with the Pt (100)/Pbad surface, similar to those observed with the poly-

crystalline Pt (Fig. 9).

 

E/V

Fig. 9. Oxidation of CHiO on Pt(100) electrode

in 1 mol dm-' HCIO4 without ( ) and with

( ) Pb adatoms 1 x 10~* mol dm-* Pb1+

in electrolyte, sweep rate 50 mV s_1 •*.

4.2.4. Other molecules. The effects of metal adatoms have been tested on the oxida

tion oftwo other molecules interesting for electrochemical energy conversion, namely

ethylene glycol (EG) and propane diol (PD). They are attractive fuels because of

their high energy content. The adatoms of Tl16, Bi16 and Pb83 have pronounced

effects on the oxidation of EG in alkaline electrolytes. The first step in the oxida

tion of EG on Pt according to Bagotsky et a/.84 is,

HOCH2CH2OH ->(HO - C - C - OH) + 4Hsd (15)

4 Had ->4H+ + 4e (16)
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The adsorbed intermediate may occupy six sites, four by making the chemisorption

bonds and two by the steric hindrance of the oxygen atom84. It is probably oxi

dized to oxalate by a very reactive PtOH species. A transfer of the total 8 electrons

per molecule has been reported83. In the other potential range the intermediate

probably blocks the surface for further oxidation of EG. The adatoms of Pb, Tl

and Bi prevent the adsorption, or the formation of the strongly bound inter

mediates which occupy multiple surface sites18-83. This seems to be the origin

of the catalytic effects. It has been demonstrated that H adatoms on the Pt surface

are not taking part in the formation of the strongly bound intermediate as in the

oxidation of HCOOH19. For other papers covering the oxidation of organic molec

ules on surfaces modified by foreign adatoms see the review1 and references

therein.

Adzic and Levata86 have also found remarkable catalytic effects of Cd, Pb,

Bi, and Tl on the oxidation of 1,3 -propane diol (PD) on Pt in alkaline solutions.

The beginning of the oxidation of PD is shifted by 400 mV to more negative po

tentials in the presence of Cd adatoms (Fig. 10). This shifts is smaller with Pb

or Tl adatoms but the peak currents are higher. The same mechanism of the cata

lytic action of adatoms as for EG, is probably operative for PD.

 

E/V vs. HglHqO

Fig. 10. Oxidation of 1 ,3-ropane-diol on Pt ( ) and Pt/Cd.d (—_) in 1 mol dm"3 NaOH

1 x 10~5 mol dm-3 Cd2t in electrolyte. Sweep rate 50 mV s"1 86.

4.3. Oxygen reduction

Oxygen reduction in the presence of underpotential deposited species is

currently the subject of much interest. This reaction is of paramount importance

for the electrochemical energy conversion. Improvements of catalysts for the oxygen

cathode are of considerable practical and fundamental interests. The effects of metal

adatoms were first reported for the oxygen reduction on Au and Pt in acid electro

lyte17. More interesting results have been obtained in alkaline electrolytes where

the adatoms of Pb18'19, Bi20 and Tl87, cause a shilft of the half wave potential of

the O2 reduction to more positive values and an approximately doubling of the
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diffusion limiting current density. Fig. 1 1 shows the disc-ring measurements of

the O2 reduction on Au and Au/Pb»d. The upper part of the curve shows the upd

of Pb on Au in alkaline solution. Fig. 12 shows the same measurements for Au/TUd-

 

Fig. 11. Disc-ring measurements of Otreduc- Fig. 12. Disc-ring measurements of O2 redu-

tion on Au and Au with Pb adsorbate in 1 ction on Au and Au with Tl adsorbate in 1

moldm-3 NaOH containg 1 x 10-3 moldm-3 mol dm-3 NaOH containing 1 x 10-5 mol

HPbOz. Ring potential 0.3 V, ring area *«£ ' R'ng potental 0.15 V, ring area

0.049 cm«. Sweep rate 50 mV s-1. Upper 0.059 disc area 0.458 cm^. Sweep rate 50 mV

curves the upd of Pb on Au ". s • uPPer C"™18 the "Pd of Tl on Au 33.

The ring current shows that the production of HOJ is drastically reduced

in the presence of Pb, and Tl. This has been interpreted as a change in the reaction

mechanism of the O2 reduction1819. A two-electron reduction of O2 to HO2-

on Au changes into a four-electron reduction on Au modified by Pb, and Tl.

It is noteworthy that the catalytic effect exists in the potential range positive to

the upd of Pb (Fig. 12). Lead is in the form of plumbites in the alkaline solutions.

The plumbites interact with the AuOH layer which exists on Au in alkaline solu

tions at potentials considerably more negative than the beginning of the oxide

formation. Such a surface is more active for the O2 reduction than AuOH. This

is supported by other observations of the interaction of cations, including Pb2+

and Tl+ with the oxide monolayers of Au and Pt87. Amadelli et a/.88 using the

rotating disc-ring technique have shown that the Tl ions remain at the AuOH surface

at potentials more positive than the dissolution of the upd Tl. This causes a pro

gressive accumulation of Tl on the surface which explains a large catalytic effect

observed at a very small concentration of thallium ions (1 x 10-6 mol/dm3). Further
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more, Pb and Tl, in alkaline electrolytes can also form oxides of their own on the

electrode surface.

The following generalized scheme of oxygen reduction can be helpful in

analysing the effect of foreign adatoms

*i(+ 4e)

/ \

dif / *2(+2e) *3( + 2e) \

Og j-Oj H2Oa (ads) ► H20

*-«(-e)

H20J

[

I

H2O2

A recent refinement of criteria for analysing disc-ring measurements reported

by Wroblowa et a/.89 allows a distinction between the ..parallel" ki + k% and

„series" (£2 + ki) mechanisms of O2 reduction. The plot of the slopes S vs the

intercepts/, obtained from NId/Ir vs gj-1'2 plots, for Pb19, Tl87 and Bi20 adatoms

gives / s 1, suggesting that the reduction of O2 follows a series mechanism in

volving a two-electron reduction of O2 to HO^O^), which is followed by exchange

of another two electrons in the reduction of HOj to OH~ (£3). Minute quantities

of HO2 leave the electrode surface. The rate constant k 2 determined from the

slope of the J — S plot is for Au/TUd kz — 9 x 10~6 cm88. The adsorbates of

Pb, Tl, and Bi cause striking catalytic effects on the HOJ reduction. Fig. 13

 

0.4 0.8

E/Vvs Hg/HgO

Fig. 13. Rotating disc measurements of H02 reduction

and oxidation on Au and Au with Tl adsorbate in 1

mol dm-8 NaOH containing 1 x 10~5 mol dm-* T1+.

Sweep rate 50 mV s"1

■
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shows the effect of Tl on both the HO^ reduction and the oxidation on Au. Cat

alytic effects of the Tl adsorbate corroborates the above mechanistic conclusion.

HOj reduction is under a combined kinetic and diffusion control on Au in alkaline

solutions, showing a small dependence on rotation rate. Due to a large catalytic

effect of Tl, the reaction becomes controlled by diffusion in a narrow potential

range. Very similar behaviour has been observed with Pb19 and Bi20 adsorbates.

The effective first order rate constant k for H02 reduction on Au/Tla<is has

been obtained, k = 2 x 10-2 cm s_1. The oxidation of HCK on Au/Tla<u is

however inhibited. This is probably caused by the modification of the Au surface

as a consequence of the formation of a thallic oxide layer88.

Thallium and lead adatoms cause enhancement of the 0 > reduction on Pt

in alkaline solutions. Fig. 14 shows the data for thallium. The effect originates

from the enhancement of the HO, reduction. The ring-disc analysis is difficult

due to a very low concentration of HO, in the presence of adatoms88.

 

Fig. 14. Disc-ring measurements of Ot reduction on Pt and Pt and

Pt with Tl adsorbates in 1 mol dm-3 NaOH containing 2 x 10~' mol

dm-s T1+. Ring potential 0.15 V, ring area 0.092 cm*, disc area 0.1 96

cm2. Sweep rate 50 mV s_l 88.

There are few data on the O2 reduction on non-noble metals under condi

tions when they are unstable. Delahay70 has detected H2O2 in the O2 reduction

on Pb and Cu in neutral electrolytes. Sawyer and Interrante91 have found that

in the case of Cu, Zn, Pb and W electrodes it is not possible to maintain a reduced

electrode in the presence of oxygen. The metal oxides for these electrodes are

formed so rapidly by the dissolved O2 that it is not possible to observe any wave

for oxygen. A behaviour of adatoms on foreign substrates is obviously in contrast

with a behaviour of bulk metals.

Catalytic effects of Pb, Bi and Tl have been explained by an increase in

free energy of adsorption of O2, 0~2 and HOj on Au covered by adatoms of

above metals, or on AuOH modified by adsorption of their ions. The latter inter
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action has been confirmed by cyclic voltammetry and specular reflectance19.

Angerstein— Kozlowska et a/.92 have estimated that the coverage of OH is 0.35

indicating its electrosorption valence y = — 0.35. A partical charge of this species

is reduced in the interaction with cations which makes such a surface more suitable

for adsorption of O2, or HOj19. The interaction of O2 with the Pb, Tl

and Bi adatoms on the Au and Pt surface has also to be taken into account since

the O2 reduction on metallic Au, free of oxide or OHa(iB, goes by a series process

with the exchange of two electrons. The presence of adatoms on such surfaces

causes a change of reaction into a four electron reduction. The adatoms per se

do have catalytic effects on O2 reduction which has been demonstrated by increasing

their coverage in solution of a very low concentration of cations19. A decrease

of the work function of the surface with higher coverages of adatoms could sub

stantially increase the rate of electron transfer to O2 in the first reduction step.

Tafel slopes for the O2 reduction on Au with Pb, Bi and Tl adatoms are

given in Fig. 15. For Pb19 and Bi20 the slope is -120 mV as for Au, while Tl

 

Fig. 15. Plots of E vs. log (i'/i'd — ») obtianed from the rotating-disc data for Oj reduction on

Au with Pb11, Bis° and Tl 88 adsorbates.

adsorption causes the change of slope to fs — 50 mV. At low Tl coverages the

slope is — 120 mV which changes into — 50 mV88. In solutions with pH = 9

the slope is again — 120 raVB. The slope of — 120 mV on Au, Au/Pba<i and

Au/Biad suggests that the first electron transfer step is rate controlling on these

surfaces. The first two steps for Au with foreign metal adsorbates follow essen

tially the mechanism suggested for the 02 reduction on Au by Yeager et a/.98.

02 + e (ads) (19a)

20;(ads) + H20 — HOJ + OH"+ 02 (19b)

with the reaction (19a) rate controlling and (19b) fast. For a symmetrical energy

barrier for reaction (19a), this mechanism yields a Tafel slope of — 120 mV at

25° with the coverage of Oj (ads) ^ 1 . The slope of ^ — 50 mV obtained with

Tl adsorbate can be explained on the basis that the reaction (19a) continues to
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be rate controlling but the sites involved in this step are those with the Tl ad-

sorbate; i.e.,

Ot + Tl(ads) + e ^Tl(ads)-02 (19c)

If Temkin adsorption of Tl is assumed, then for 8n<^ 1 (Langmuir region) the

expression for the O 2 reduction current can be obtained88,

1 - t0 exp - (a + y>

RT

(19d)

where i0 is the exchange current density and y) is the overpotential. If a = 1/2

and y = 1, this yields a Tafel slope of — 40 mV. The slope of — 55 mV, obtained

in most experiments would correspond to a value of y = 0.6. Such a low electro-

sorption valence may be the result of the interaction of the Tl adsorption process

with the adsorption/desorption of OH species on Au.

Single crystal electrodes. Most recently catalytic effects of Pb and Tl adatoms on

single crystal Au electrodes in alkaline solutions have been reported94 (Fig. 16).

-1——1 r 1 1— 1 1 "T 1 -r— —r r 1 r

900RPM 900RPM 900RPM

- ^OO^I I

L /A.au(ioo)

■ -v-

-

Au{110)/TIO(J /
Ai/llD/TI^/

"1 1 1 1 1 1 L_ 1 1 " ' .1 . 1 1 f

00:

30j

•Ot -0 2 00 02 -0.6 -04 -02 00

E/Vvs Hg / HqO
-08 -06 -04 -02 00

Fig. 16. Oxygen reduction on Au (A*/) in 0.1 mol dm -3 NaOH and Au (hkl) Tl*" in 0.1 mol dm-3

NaOH + lx 10"5 mol dm-3 T1+. Sweep rate SOmVs-1 »*.

A pronounced effect of the symmetry of the single crystal surface without the

thallium adatoms is very important. The reaction on the Au (100) plane occurs

at more positive potentials and involves, in a certain potential range, the exchange

of more than two electrons. This has been explained by a different state of OH~

adsorbed on the three planes, the species being mostly discharged on the Au (100)

surface. That surface is a better HO^ elimination catalyst than other two surfaces.

In the presence of Tl adatoms a doubling of the diffusion limiting current

is seen with all three planes. A small shift of the half-wave potential to more pos

itive values is obtained for the Au (110) and the Au (1 1 1) surface. A shift in nega

tive direction is however seen with the Au (100) surface. Similar data have been

reported for Pb94. The behaviour of the Au (110) plane is similar to that of poly-

crystalline electrode. The same conclusion has been reached for the upd of Pb.
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The results point on the importance of structural effects on electrocatalytic reac

tions on metal surfaces without and with adsorbed layers.

Bismuth adatoms shift the O2 reduction on Au in acid solutions by some

300 mV to more positive potential in acid solutions. This, however, happens at

unsufficiently positive potentials to make Au comparable to Pt from a practical

point of view. There is no doubling of the diffusion limiting current density in

this electrolyte. Catalytic effects of Pb, Cd and Tl adatoms on both O2 and H2O2

reduction have been found, while Cu caused inhibition17. Small inhibitory effects

have been found with Pb, Cu and Bi adatoms on Pt17. A more detailed study of

Pb adatoms on Pt shows that they have virtually no effect95. A strong inhibitory

effect of Ag adatoms on the O2 reduction on Pt is noteworthy17. This is in agreement

with the observation that O2 would not adsorb on top of a Ag monolayer on Pt23.

Inhibitory effect of Ag adatoms in the O2 reduction on Pt and the absence of O2

reduction on Au/Agad surface is probably due to a low electrosorption valence of

Ag on those surfaces. Apparently considerably ionic Ag on Pt (vAg 0.5)96

is not suitable for adsorption of oxygen and its intermediates. This clearly contrasts

the behaviour of bulk Ag.

4.4. Hydrogen evolution

The hydrogen evolution on Pt is inhibited by Pb, Tl and Cd adatoms21 and

by the Pb adatoms on Au22. In general such adatoms inhibit the H 2 evolution on

noble metals1. At low coverages of the Pb adatom the Tafel slope for H2 evolution

Pt remains unchanged, while at higher coverages a drastic change of the slope

from — 30 mV to — 120 mV occurs as shown in Fig. 17.

 

UP X)' . »* l/mAcm-2

Fig. 17. Hydrogen evolution on rotating disc platinum electrode in HCIO4 in the presence of Pb

adatoms. Curves 0-6 correspond to 6pd = 0.07, 0.19, 0.56, 0.67, 0.86 and 0.91 respectively.

Rotation rate: 5000 rpm*1.

Several effects of the foreign metal adatoms on the Pt surface can cause

the inhibition of H2 evolution, namely: (i) blocking effect of the foreign adatoms

which decreases H adsorption on Pt, (ii) decrease of the possibilities for a forma

tion of H2 molecules by recombination of 2 Had, i.e., a decrease of number of
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pairs of Pt atoms, (iii) change of the electronic states of uncovered neighbouring

Pt atoms, (iv) effects of foreign adatoms on the states of H adatoms and discharging

H+, (v) change of the double layer structure through* the change of the pzc. The

first two effects seem to determine the behaviour of the Pt electrode partially

covered by foreign adatoms21. At low coverages of foreign adatoms the hydrogen

adatoms can come easily in contact to form H2- For such a surface reaction the

recombination of two H adatoms is still rate controlling and the Tafel slope is

unchanged. However, at higher coverages by the metal adatoms the recombination

of hydrogen adatoms becomes difficult and the ion-plus atom reaction seems

to become the main reaction path. At coverages Dm > 0.5 the ion-plus atom reac

tion becomes the rate controlling step. This change of reaction mechanism causes

the change of the Tafel slope to 120 mV. The current on the surface covered by

adatoms with 8 > 0.5 is given by the following expression21:

where K and B are constants, the latter one gives number of pairs of Pt atoms

when 6m = 0. The equation20 shows that the Tafel slope for H2 evolution on

Pt with low coverage of the foreign adatoms is — RTjlF as for a clean Pt. The

current of H2 evolution decreases with the coverage of adatoms to the fourth

power. An excellent agreement with experiment has been reported21.

For 6 m > 0.5, with the ion-plus atom reaction rate controlling, the effect

of the foreign metal adatoms seems to come into play only through the simple

blocking of the Pt surface. Therefore, the expression for H2 evolution is21:

where k is a heterogeneous rate constant and k' is the concentration of adsorbed

H when 6 = 1. A linear relationship between the current for H» evolution and

the coverage of the foreign metal adatoms for Om > 0.5 is in agreement with the

experiments.

The effects of adatoms on the H2 evolution reaction on Pt offer some infor

mation on the state of these species. In order to produce a nonlinear decrease

of H2 evolution at 6m < 0.5 the adatoms have to be uniformly distributed on

the surface. Only such an adsorption can considerably decrease the number of

pairs of Pt atoms. A two-dimensional nucleation giving islands or patches at cover

ages 6 < 0.5 would produce only a linear decrease of the H2 evolution. These

data suggest that for metals with the ion-plus atom reaction rate; controlling, the

inhibition should be proportional to 6 m- This has been confirmed by measuring

the H2 evolution on Au in the presence of Pb adatoms22. The Tafel slope of 1 20 mV

remains unchanged in the presence of Pba<i indicating no change in the mechanism.

The simple blocking of the Au surface is the origin of the inhibition, which is

linearly related to 6m.

The determination of the mechanism of the electrode reactions using adatoms as a

probe. A confirmation of the mechanisms of the H2 evolution on Pt and Au, and

the information on the nature of adsorbed species in the oxidation of organics

obtained from catalytic effects of adatoms suggests a possibility of using them

as a probe in the mechanistic studies. The effects of the above adatoms have pro

vided information on the oxidation of HCOOH on Pt, Pd and Au. It has been

conclusively shown that the Had on Pt21 surface participates in a formation of the

strongly bound COH intermediate, and no such intermediate was formed on Pd

i = IKBCn (1 - 6M)2 X (1 - 6A) exp(- 2EFjRT) (20)

i = 2Fk CH+ *'(' - 8m) exp (- pHF/RT) (21)
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and Au. It is noteworthy that the information obtained from these effects is on

the atomic level, which is needed in the determination of the reaction mechanisms.

Since a wide range or possibilities exists for various interventions on electrode

surfaces by adatoms, it is quite conceivable that for many reactions their effects

can render some information on the reaction mechanisms.

4.5. Metal deposition

Mclntyre and Peck have rationalized in terms of adatom formation the de

polarization and the morphological effects of trace quantities of the heavy metal

ions on electrodeposition of Au which have been phenomenologically known in

plating literature for quite some time. The electrodepositoon of Cu is considerably

affected by Tl, Pb and Cd adatoms, the effects of the latter ones being the most

pronounced13. A marked cathode depolarization is induced and the extent of the

current density range in which bright, fine grained deposits are formed. It has

been proposed that these adatoms can act as 2D nucleation centres. If 8 m is suffi

cient, high crystal growth will proceed preferentially around these centres, rather

than by incorporating depositing atoms into the bulk lattice at the surface defects

and the dislocations, or by 3 D-nucleation83. Adatoms favour 2D nucleation thus

reducing the overpotential for the same current. As a result, less energy is available

for the generation of the 3 D nuclei and the onset of the needle formation is shifted

to higher values of current. Growth around 2D nuclei gives faceted, more smooth

deposits. Most recently pronounced effects of Sb adatoms on the electrodeposition

of Au have been observed97.

The interrelations between upd and overpotential deposition of metals have

been considered by several authors. It appears that in the deposition of metals

onto foreign substrates, if the upd occurs no nucleation overpotential is observed.

However, in the system in which the underpotential deposition is not observed,

bulk deposition takes place with a large nucleation overpotential26,51,98. A general

validity of this assumption has yet to be established. To clarify further this question,

the effects of Bi adatoms on the deposition of Cu on Ag, which is not preceded

by the upd of Cu have been investigated. A small inhibition of the deposition

of Cu has been observed.
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M 3 B O a

EJIEKTPOKATAJIHTHMKH EOEKTH AflATOMA CTPAHHX METAJIA

PAflOCJIAB P. AIIHH

/hicmuiuym 3a e.KKiupoxe.mjy , HXTM u Ueuiuap ja My.iiuuductfuujiunapi<e c&yduje, ir/iusep3uiueuia

y Ecoepady n. n. 815, 11000 Eeorpafl

HamiH>eH je npnKa3 paflOBa Ha KaTajiHTiiuKiiM etbeKTHMa afla-ro.Ma CTpamix iweTaJia in

ayropoBe jiaobpaTopHje H3 nocjieflibiix hckojihko ro/nma. npHKa3ami cy 3HaqajHH KaTanjrrHWKH

eipeKTH afla-ro.Ma onoBa, 6H3Myra, TajiujyMa h KaflnjyMa Ha OKciiflamijy MpaBJbe khccjihhc, mc-

TaHona, <bop.HajiflexH.ua h nponaH-flHojia Ha njieMeHHTHM Menunnu. GrpyKrypHH e<beKTH cynep-

peiueTKe aflcop6aTa Hcrpa>KHBaHH cy jia iwoHOKpHCTajimiM eJieKipoflajwa. Pe/ryiarjija KHceoHHKa

H BOfloHHK-nepoKCHfla Ha 3JiaTy h njiaTHHH y aJiKajmHM ejieKTpoJiHTHMa je 3Ha<iajH0 i<aTajiH30Dana

aflcop6aTHMa ojioBa TajiHjyiwa h oH3Myra. MaH>H ecbeKaT je Hai)eH y KHcejiHMa eneicrpojiHTHMa.

H3flBajan>e BOfloHRKa na njieMCHHTHM MenumMa je HHXHfapaHo ropn>HM aflaTOMHMa. Mann

ecpehTH cy Har)eHH y peflOKC peaKunja.Ma h fleno3iiuHjn MCTajia.

(FIpHMJbeHO 21.fleueM6pa 1982)
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Die unter verschiedenen Bedingungen getemperten Polycarbonat A-Folien

und die Auswirkung der Antiweichmacherzugabe wurden am Beispiel des DNBP

an die mechanischen Eigenschaften untersucht. Die Messungen zeigten daß neben

der Erhöhung der Fließspannung, das wesentliche Ergebnis in der Tatsache zu

sehen ist, daß der Elastizitätsmodul bei größeren Deformationen erhöht wird.

Diese Modulerhöhung trägt entscheidend zur Verfestigung des Materials bei. Das

mechanische Verhalten von antiweichmacherhaltigen Folien ist durch die Ver-

sprödung des Materials geprägt. Es wurde außerdem, anhand von dynamisch-me

chanischen Messungen, der höhere Modulwert des mit DNBP modifizierten Ma

terials im Vergleich zum unmodifizierten, geklärt.

Das mechanische Verhalten von Polycarbonat A — Folien wurde untersucht.

Zu diesem Zweck wurden im Zugversuch charakteristische Kenngrößen wie der

Elastizitätsmodul, die Fließspannung, die Bruchspannung und die Bruchdeforma

tion in Abhängigkeit von der thermischen und der chemischen Vorbehandlung

bestimmt. Die thermische Vorbehandlung beinhaltete die Temperung bei ver

schiedenen Temperaturen unterhalb Tg und die chemische Modifizierung er

folgte durch Zumischung von Antiweichmachermittel. Die Ergebnisse sollten

einen Beitrag zum besseren Verständnis des mechanischen Verhaltens von Poly

carbonat A — Folien liefern.

Im ersten Teil dieser Arbeit1 wurden im Zugversuch einige ausgewählte

mechanische Kenngrößen beim Polycarbonat A — Folien bestimmt und ihre Ab

hängigkeit von der Streckgeschwindigkeit und von der Vorverstreckung näher

untersucht. Im vorliegenden zweiten Teil der Arbeit sind die Ergebnisse der

Bestimmung der charakteristischen Größen an den thermisch und chemisch vor

behandelten Proben dargestellt. Es wurde dabei besonderer Wert auf die Unter

suchung der Erhöhung der mechanischen Festigkeit des Materials gelegt.

UNTERSUCHUNGEN AN GETEMPERTEN POLYCARBONAT A-FOLIEN

Die Struktur und die mechanischen Eigenschaften eines Polymeren sind in

hohem Maße von seiner thermischen Vorgeschichte abhängig. In dieser Arbeit

wurde der Einfluß der Temperung — sowohl der Tempertemperatur als auch der

Temperdauer — auf einige mechanische Kenngrößen untersucht. Zu diesem Zweck

wurden die Proben bei vier Temperaturen unterhalb des Glaspunktes (80, 100,

29
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120 und 140°C) unterschiedlich lange (von 30 Minuten bis zu 96 Stunden) getempert

und anschließend im Zugversuch mit einer Streckgeschwindigkeit von 25%/min

getestet.

Es zeigte sich daß der Tempervorgang — sowohl die Tempertemperatur

als auch die Temperzeit — keinen Einfluß auf die Bruchdeformation und die

Bruchspannung hatte. Die Änderung der Fließspannung in Abhängigkeit von der

Tempertemperatur und der Temperzeit ist in der Abbildung 1 dargestellt. Die

Ergebnisse zeigen eine Zunahme der Fließspannung mit steigender Tempertempera

tur und Temperzeit. Dieser Befund stimmt sowohl qualitativ als auch quantitativ

mit den Meßergebnissen anderer Autoren überein2-4.
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Abb. 1. Abhängigkeit der Fließ

spannung of von der Temperzeit

tm und von der Tempertempera

tur r, (t. = 24 std.). A = Probe

im Ausgangszustand.

Der „konventionelle" Modulwert (Ey bei e = 0%) wurde überraschender

weise durch den Tempervorgang nicht beeinflußt. Es ist bekannt daß die amorphen

Polymere durch Temperung unterhalb der Einfriertemperatur Strukturänderungen

erleiden die nicht mit der Kristallisation verbunden sind3 6 und daß während

der Temperung die Dichte des getemperten Materials leicht zunimmt7,8. Es wird

im allgemeinen angenommen daß die thermische Vorbehandlung durch

Temperung unterhalb der Glastemperatur zum höheren Ordnungsgrad der amor

phen Substanz führt. Der höhere Ordnungsgrad ist die Folge der Abnahme des

freien Volumens („Enthalpierelaxation") im Laufe des Temperprozesses durch das

Herausdiffundieren der Leerstellen9. Es ist andererseits bekannt daß getemperte

polymere Stoffe im Vergleich zu den ungetemperten eine höhere mechanische

Widerstandsfähigkeit vorzuweisen haben. Es stellt sich die Frage ob diese Ver

festigung nur auf die Erhöhung der Fließspannung zurückzuführen ist (Abb. 1),

da der „konventionelle" Modul durch den Tempervorgang nicht beeinflußt wurde.

Um dieses Problem zu klären wurde die Steigung der gemessenen Spannungs-Deh-

nungskurve etwas genauer untersucht. Die Steigung wurde an einigen Stellen

der Meßkurve (bei Deformationen von 3, 4, 5 und 6%) bestimmt — die berechneten

Werte stellen den „differentiellen" Modul dar. Die Abbildungen 2 und 3 zeigen

beispielhaft den Verlauf der Nachgiebigkeit J (J = l/£y) sowohl für e = 0%

(„konventionelle" Nachgiebigkeit) als auch für c 0% („differentielle" Nachgie
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bigkeit) in Abhängigkeit von der Temperatemperatur (Abb. 2) bzw. von der Tem

perzeit (Abb. 3). Die Ergebnisse zeigen daß die Erniedrigung der Nachgiebigkeit

mit zunehmender Deformation immer stärker ausgeprägt ist.

Abb. 2. Differentielle Nachgiebigkeit J

in Abhängigkeit von der Tempertem

peratur T» (r»=24 Std.) für verschiedene

Deformationen. Probe im Ausgangs

zustand

 

 

Abb. 3. Differentielle Nadchgiebigkeit J

in Abhängigkeit von der Temperzeit u

CT,= 140° Qfür verschiedene Deforma

tionen. A=Probe im Ausgangszustand.

Diese Meßergebnisse zeigen also daß zur wohlbekannten durch Temper

vorgang verursachten Verfestigung polymerer Stoffe im allgemeinen zwei Faktoren

beitragen: einmal die Erhöhung der Fließspannung, zum anderen eine höhere

Widerstandsfähigkeit — ein höherer Modulwert — bei zunehmender Deformation.

AUSWIRKUNGEN DER ANTIWEICHMACHERZUGABE

Die Antiweichmacher („antiplastizicer") sind Substanzen die in bestimmten

Temperaturbereichen auf die mechanischen Eigenschaften polymerer Stoffe in

entgegengesetzter Richtung im Vergleich zu den herkömmlichen Weichmacher

wirken. Sie verdanken ihren Namen gerade diesem Umstand. Jackson und Cald

well10,11 haben eingehend die Antiweichmacher, ihre Charakteristika und Wirkungs

weise untersucht. Nach diesen Untersuchungen ist die Erhöhung des Elastizitäts

moduls und der (technischen) Zugfestigkeit bei der gleichzeitigen Herabsetzung

der Bruchdeformation ein wesentliches Kriterium für die Antiweichmacherwirkung.

Die Antiweichmacherwirkung wird nur von jenen Substanzen ausgeübt die mit

dem Polymeren gut verträglich s;nd und die 1) polare Gruppen (halogene oder

Stickstoff-, Sauerstoff- und schwefelhaltige Gruppen) enthalten; 2) mindestens zwei

aromatische Ringe besitzen; 3) die Glastemperatur oberhalb von — 50°C haben

und 4) eine molekulare Dimension in mindestens 65% der gesamten Moleküllänge

nicht größer als etwa 0,55 nra haben. Dies zeigt daß die Antiweichmacherstoffe

aus dünnen, polaren und steifen Molekülen zusammengesetzt sind. Andererseits

müssen die Polymere steife Ketten mit starren polaren Gruppen enthalten. Ist
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das nicht der Fall zeigen die Antiweichmacher häufig eine typische Weichmacher

wirkung. Sind aber die obengenannten Bedingungen hinsichtlich der Antiweich

macher und der Polymeren erfüllt, kommt es im allgemeinen durch die Zugabe

der Antiweichmacher zur Erhöhung des Elastizitätsmoduls, der Härte und der

(technischen) Zugfestigkeit, zur Herabsetzung der Bruchderformation, der Schlag

zähigkeit, der Martens-Temperatur und der Einfrienemperatur.

Der genaue Mechanismus der Antiweichmacherwirkung ist nicht bekannt.

Man vermutet da eine ganze Reihe verschiedener Faktoren eine Rolle spielt, z. B.

die Abnahme des freien Volumens, die Wechselwirkung zwischen den polaren

Gruppen des Polymeren und des Antiweichmachers, der enge Kontakt zwischen

den starren Antiweichmachermolekülen und den polaren Gruppen des Polymeren.

Litt und Tobolsky12 behaupten daß die Herabsetzung des freien Volumens beim

Polymeren — und nicht beim Antiweichmacher — verantwortlich für die Anti

weichmacherwirkung sei. Bei ihren Untersuchungen wurde einem Polystyrol ein

kristallines Antiweichmachermittel zugemischt. Bekanntlich ändern kristalline Stoffe

ihr freies Volumen nicht; so ist der auftretende Dichteüberschuß auf die Herab

setzung des freien Volumens beim Polystyrol zurückzuführen, d. h. die Anti-

weichmachermoleküle werden im Polymeren auf Kosten seiner freien Volumens

eingebaut. Andere Untersuchungen13 zeigen daß in Polymeren mindestens zwei

unabhängige freie Volumina nebeneinander existieren. Die Dichte bzw. das freie

Volumen eines Polymeren kann sowohl durch die Antwieichmacherzugabe als

auch durch die Temperung unterhalb der Glastemperatur beeinflußt werden. Es

zeigt sich daß die beiden Effekte, und zwar auch dann wenn sie einzeln den Sättig-

gungsgrad erreicht haben, additiv bleiben.

In dieser Arbeit wurden die Polycarbonatfolien mit 5,8, 11,7 und 23,3%

2,2'-dinitrobiphenyl (DNBP) als Antiweichmacher getestet. DNBP lag in Form

von gelb gefärbtem Pulver vor. Die antiweichmacherhaltige Folien wurden nach

dem üblichen Verfahren (aus der Lösung) gegossen. Abb. 4 zeigt den Einfluß

t

EY[GPaJ
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Abb. 4. Elastizitätsmodul Ey,

Bruchspannung ctb und Bruchdeh

nung eb in Abhängigkeit von der

DNBP-Konzentration.
0 5 10 15 20 25

der Antiweicherkonzentration auf den Elastizitätsmodul, die Bruchspannung (so

wohl technische als auch wahre) und auf die Bruchdeformation. Die Resultate
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zeigen eine grofie Anderung des Elastizitatsmoduls und der Bruchspannung mit

steigender Antiweichmacherkonzentration. Die Bruchdeformation nahm schon bei

kleinen Antiweichmacherkonzentrationen abrupt auf Werte von nur etwa 5% ab.

Die Probe mit dem hochsten Antiweichmachergehalt (23,2%) wurde zu-

satzlich einem dynamisch-mechanischen Test am „Vibron" unterworfen. Es wurde

bei einer festen Frequenz von 1 10 Hz und in einem breiten Temperaturintervall

von ca. —100 bis ca. +170° gemesssen (Abb. 5). Zum Vergleich zeigt die jeweils

0.15 _

Q» _

0 05_
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EIGPaJ
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I I I i ' l I I L
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Abb. 5. Speichermodul E' und

Verlustfaktor tg 8 von PC in Ab-

hangigkeit von der Mefltemperatur

untere MeBkurve das VJerhalten der antiweichmacherfreien Substanz (bedauerlicher-

weise erst ab ca. 25°). Es ergab sich eine Verschiebung des Glasumwandlungs-

punktes zu tieferer Temperatur, auBerdem behielt das antiweichmacherhaltige

Polycarbonat einen relativ hohen Elastizitatsmodul auch oberhalb der Glastempera-

tur. Der Antiweichmacher bewirkte ferner eine Abschwachung des Tieftempera-

turmaximums; der Verlustfaktor tg 8 nahm von etwa 0,0418 auf 0,02 ab.

Diese Ergebnisse erklaren das mechanische Verhalten von mit Antiweich

macher behandeltem Polycarbonat bei Raumtemperatur, vor allem seinen hoheren

Modulwert im Vergleich zu dem unmodifizierten Material. Ein Vergleich mit

den MeBergebissen anderer Autoren10,11,15 zeigt sehr gute Ubereinstimmung.

Die Untersuchungen wurden durch Mittel der Deutschen Forschungsgemeinschaft im

Rahmen des Sonderforschungsbereicb.es 41 gefordert. Der Autor dankt Herrn Prof. Dr. E. W.

Fischer vom Institut fur Physikalische Chemie der Universitat in Mainz fur viele Diskussionen

und Anregungen.

H3BOJ

MEXAHH^KE OCOEHHE nOJIHKAPBOHATHHX *OJI HJA

MHJiyTHH H. TOBEflAPHUA

UXTM, UTE — CtK&op 3a uomMepne MamepujoAe, Ibetotueea 12, 11000 Eeoipad

Ram cy pe3yjrraTH BcmrruBaiba mtaa Mfxtmpnorx ocoGmia dxunrja Hamnt^mrx oa

noJiBKapGoBaTa A. KopHCichn otjwa acreaa&a KOHcraHTHOM 6p3hhom, oflper)CHe cy Hene Kapatc-

TepBCTtnoie BcnirtHHe, jmo mojtvji eJiaciHMKOCTH, rpauaua xjiaflnor Tenen>a, 3aTe3Ha MBpcroha
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K MaKCHAMUiKa .necpop.MauH ja AwrepHjajia, h to y 3aBHCHocrH on 6p3HHC aecpopMaiwje h crenena

nperxoOTor Hcrc3an>a ,. Tokom aajter HcmrriiBaifea y3opim cy tcpmiitkii h xeiwHjcKii moah4>hko-

bohk. TepMHHKa oGpa.ia ce cacrojana y TeMnepoBa&y ysopana Ha paanHWrHM TeMnepaTypaMa,

ajut yBCK Hcnofl Tawe ocraKJkHBait>a, a xeMHjcxa Mo;iH(}>iiKaiu;ia y ;io;;anaiby T3B. aHTH-njiacTH-

(pRKaTopa. MepeH>CM rope na6pojaHHX KapaKTcpHcnrannc BejiHwma ycraHOBJfceH je y-muaj

onncaHor TepMHUKor h xeMHjcKor MOAncpHKOBaH>a Ha McxuonKe ocoChhc nonnKap6oKaTRe

cpojntje. Pe3yjrraTH Tpe6a oa aonpimecy 6ojbCM pa3yMCBaH>y KOMnjieKCHor npoojieMa MexaHHMKor

noHauiatta nojiHKap6oHaTa A.

(IlpHMJbeHO 4. jyHa 1982)
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Thermal and electrochemical investigations of the solid system Ag2SOi

—BaS04 within the temperature range from 323 — 831 K were carried out. It was

shown that small quantities of AgtSO* are dissolved in BaS04, forming a new

phase, responsible for the increase of BaS04 conductivity at a small addition of

Ag2S04. Within the observed temperature range BaS04 has no phase transition,

while the component Ag2S04, in the binary mixture with BaS04, shows phase

transitions at AgsS04 consentrations above 0.134 mole fraction only. At d. c. po

larization a deposition of silver, which oxidizes to Ag+ ions in reverse polarization

and returns to the electrolyte without an overvoltage, takes place on the electrode.

The electrode process rate increases with temperature, and for the activation energy

a value of 73.10 kj/mol for the system containing 0.134 mole fraction of Ag2S04

was found. Above 773 K the deposited silver is alloyed with the platinum electrode

which is seen from two anodic maxima appearing at reverse polarization.

Sulphate solid electrolytes present an interesting group of solid ionic con

ductors in which the mobility of a monovalent or a bivalent ion may be considerable,

producing in such systems conductivities above 10-3 S cm-1 at room temperature

as well1. It was shown that particularly interesting are the binary systems in which

the presence of LizSCj2-4 or Ag2S04 in the combination with other sulphates

of alkali, alkaline-earth or other metals5 is obligatory. It was shown that sulphate

solid electrolytes may be used for the production of special types of batteries9.

Solid lthium sulphate based electrolytes present very interesting systems, as energy

(thermal) storage materials (thermo accumulators) based oh great thermal effects

at the solid-solid phase transition7,8. These electrolytes show some properties

in connection with the rotation of sulphate groups at phase transitions at elevated

temperatures. Having in mind already known results on these important systems,

we performed a series of investigations of the Ag2S04—BaS04 system.

EXPERIMENTAL PART

Ag2S04 and BaS04 (Merck), dried at 473 K for 8 h and powdered, were mixed in certain

ratios and homogenized by intensive mixing. Such a prepared mixture was used for thermal

and X-ray diffraction measurements, while for conductometric and cyclovoltammetric measure

ments pellets of approx. 2 mm thickness and approx. 13 mm dia. were made, by pressing under

a pressure of about 3 kbar. Prior to the investigation, the prepared pellets were heated fcr 8 h

at 773 K. The conductivity was measured by a Radiometer CDM2e conductivity meter, and cyclo

voltammetric measurements were performed by means of a PAR-170 electrochemical system,

in a two-electrode arrangement (Pt working electrode of 0.09 cm2 and counter Ag electrode of

1 cm2). Thermal and X-ray diffraction measurements were performed by means of a DuPont

1090 thermo-analytical system and a Guiner-Lenn6 high-temperature chamber, respectively.

35
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RESULTS AND DISCUSSION

Thermal behaviour. Differential thermal analysis of several samples of various

compositions, from 0.1 34 Ag2S04 + 0.866 BaS04 to 0.804 Ag2S04 + 0.196 BaS04,

shows phase transitions in connection with the Ag2S04 presence only. Namely,

at low contents of Ag2S04 (0. 1 34 Ag2S04 + 0.866 BaS04) only the p -+% - Ag2S04

phase transition at 703 K at heating and at 648 K at cooling is seen, while melting

of Ag2S04 at 918 K at heating and at 888 K at cooling is seen only at higher con

centrations of Ag2S04, Fig. 1. It appears that Ag2S04 and BaS04 do not form

3'r
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Fig. 1. DT analysis of samples: 1) 0.134 AgfS04 + 0.866 BaSO, and 2) 0.804 AgsSCu +

+ 0.196 BaS04; heating rate 20°/min, spontaneous cooling.

new phases, but each component behaves thermally independent. However, the

presence of BaS04 in Ag2S04 decreases thermal effects of the (3 -> a - Ag2S04

phase transitions and the a-Ag2S04 melting. This should mean that still a

certain, small quantity of Ag2S04 is dissolved in BaS04 at which a solid solution,

dispersed in BaS04 excess, is formed. Figure 2 shows the phase transition points

(phase diagram) for several investigated mixtures. Slow decrease of the a - Ag2SC>4

melting point along with the increase of BaS04 content is seen.

X-Ray diffraction analysis of the samples at various temperatures up to

1033 K does not yield clear data from which the formation of new phases could

be seen. Ag2S04 lines are only seen at high contents of Ag2S04, as shown also

by DT analysis.

Electric conductivity. Figure 3 shows the effect of the Ag2S04 + BaS04

mixture content on the electric conductivity, depending on temperature. Pure

BaS04 conducts current rather poorly. The addition of 28 wt.% of Li2S04 in

creases the conductivity considerably. Some data from literature^ show that the

conductivity of Li2S04 decreases when BaSQ4 is being added, because of both
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the electrostatic field and the structural effect of poorly mobile Ba2+ ions, These

results may be considered as being interconnected, as the presence of a monovalent

ion in BaSOj increases the conductivity.

However, the effect of Ag2S04 on the conductivity of BaS04 is opposite

and considerably greater than the one of LizS04. As one sees from Fig. 3, small

addition of Ag2SOj increases the conductivity considerably, so that the conductiv

ity of the mixture composed of 0.134 Ag2S04 + 0.866 BaS04, above 573 K,

is higher than the conductivity of pure Ag2S04. Further addition of Ag2S04

has no important effect on the conductivity. Such a behaviour may be explained,

in accordance with DT analysis, so that in the Ag2SO i + BaS04 system a limited

fraction of Ag2S04 dissolved in BaS04 (saturated solid solution) is formed, and

in it Ag2SC>4 behaves as an „impurity" of a different valence, due to which it

causes the high conductivity. The conductivity carriers are Ag+ ions. The p -*■ a-

-Ag2S04 phase transition that has an ei'fect on the conductivity of pure Ag2SC>4,

as seen in Fig. 3, has no effect on the conductivity of the mixture, which also
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Fig. 2. Preliminary phase diagram of the

Ag2S04 + BaS04 system on the basis of DT

analysis.
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Fig. 3. Change of logx vs (•) 0.143

Ag2S04 + 0.866 BaS04;

(□) 0.268 Ag2S04 + 0.732 BaS04j (+)

0.402 Ag2S04 + 0.598 BaS04j

(O) 0.536 Ag2S04 + 0.464 BaSCu; (x)

0.804 Ag2S04 + 0.196 BaS04;

(0)BaS04j (A) Ag«S04; (V) 0.280 Ag2S04

+ 0.720 BaS04.

supports our opinion that the concentration of Ag2SC>4 in the BaS04 solid solution

is responsible for the conductivity.

Electrochemical behaviour. At a sufficiently high temperature the polarization

curves show, Fig. 4, depolarization effects in cathodic and anodic processes. The

cathodic process in which AgT -> Ag reduction occurs was investigated cyclovoltam-

metrically in particular. In reverse polarization, depending on temperature, one

or two anodic maxima are obtained. At temperatures below 763 K only one maxi

mum is obtained, and this originates from anodic oxidation of cathodically de

posited silver on Pt working electrode (Ag -> Ag+). With a rise in temperature

the deposited silver forms an alloy with the Pt electrode more easily, and from

it it oxidizes anodically at the poten1 ial more positive than that of pure silver oxi
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dation. Because of that the first anodic max*mum is attributed to the oxidation

of pure tilver, and when this process is completed, rhe oxidation of silver from

the alloy follows.

In the anodic process ot electrolyte decomposit'on tirst the Pt electrode

passivation, and then the breakdown of the passive layer and sulphate decomposi

tion occur. The passive layer and the adsorbed oxygen are active electrochemically,

i. e. they reduce cathodically, and the appearance of a more or less distinct

prewave (residual current), at the potentials more positive than that of silver de

position can be attributed to this process.

From cyclovoltammograms, Fig. 4, it is seen that in reverse polarization

the cathodic process (Ag+ -*■ Ag) transfers directly to the anodic (Ag -> Ag+)

one, without an overvoltage. The current is linearly dependent on the potential

and the equation yj// = RTjlozF is valid. From this dependence the exchange

current values I0 were obtained for several temperatures. From the change of

log exchange current with l/7\ the energy of activation of the Ag+ -*■ Ag process,

for the 0.134 Ag2S04 4- 0.866 BaS04 mixture was found to be 73.10 kj/mol,

Fig. 5.

 

Fig. 4. Cyclovoltammograms of the mixture pig. 5. Change of log 1° vs 1/7* for the

0.268 AgsS04 + 0.732 BaS04 at 313 K on sample 0.268 Ag!S04 + 0.732 BaS04.

a Pt electrode; sweep rate 20 mv/s.

H3BOJ

TEPMHHKE H EJIEKTPOXEMHJCKE OCOEHHE ^BPCTOr EHHAPHOr

CHCTEMA Agi.S04 - BaS04

• ' . • MHJIEHKO B. myfflHTi, MHJbAH T. njEIHMHTi* H CJIABKO B. MEHTVC - ■; -

HucuiuiUyui 3a #u3UHKy xeMujy, npupodm-MaweMOiuuHKU fiaxyAOieiu, ymtepiumem y Eeoipady,

II. np. 550, 1 1001 Eeoipad, u '*TexHUVKU tfioKy.iiueiu, yHusep3Utueui 'y Tuuioipady, 81000 Tuiuoepad

TepivuraKe h ejieicrpoxeivuijcKe oco6mte wBpcTor CMcreMa Ag2S04 — BaS04 HcnimiBaHe

cy y TeinnepaTypcKoM mrrepBajiy 323 — 831 K. IloKa3aHO je aa ce Majie KOJurauHe Ag2SO.t pacT-

Bapajy y BaS04 rpaflehn HOBy <pa3y Koja je oaroBopHa 3a nopacr npoBOfljbHBocra BaS04 npH

MajiHM flOAaqnMa AgaS04. YHyTap nocMaTpaHor TeMnepaTypcKor jiHTepBajia BaS04 He.wa 4)a3HHx
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TpaHcdpop.Mauxja, flOK AgtSOa y 6imapBoj cMecu ca BaSOj noKasyje (passe TpaiiccpopMaiiHje

npH mojickhm yaejiiiMa HSBtA 0,134. flpn jejiHOCMepHoj noJiapH3aiwjn ppJWSM 30 KanBaja&H

cpefipa Koje ce npn o6pna>y CMepa nojiapiraamije OKCHflyje jxo Ag+ joHa H Bpaha y enocipoimi

6«3 HaflHanoHa. Ep3HHa obhx ejieKTpoflHHX npoqeca pacre ca nopacroM TCMnepaTypc, iHja je

cHcpnija aKTHBamije 3a chcto kojh omqukh 0,134 Moncxa ynejia AgtSOi 73.10 kj/mol. HsH&n;

773 K H3AsojeHo cpe6po ce jientpa ca iuuithhckom ejieicrpoflOM uito ce bhah Ha ocHOBy Asa

anoAHa MaKCHMy.na npii peBepcHoj nonapH3aujijH.

(npHMJbCHO 3. HOBeM6pa 1982)
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The method of physical modelling was used for the study of the molten

KC1 structure. Being dynamic by means of continuous energy feeding, the model

corresponds satisfactorily to the real state of the molten salt. The radial distribution

functions for several densities were determined, and the dependence of the first

coordination number on density was considered. It is found that this dependence

agrees qualitatively with the electrical conductivity experimental data for molten

salts at various densities.

Physical modelling has been applied to the investigation of molecular liquid

structure many years ago. Morrell and Hildebrand1 used gelatine balls dispersed

in the bulk of a liquid. Other authors2 used steel balls packed into an irregularly

shaped rubber balloon, or balls interconnected by spokes.

The modelling of an ionic liquid is more difficult since there is a need for

the introduction of long-range forces into the model. A relatively recently devel

oped model of liquid KC1 and NaCl3 consists of wooden discs floating on the

water surface, with magnetic needles placed into their centers. By directing the

magnetic field upwards and downwards, the equally and oppositely charged ions

were simulated. The model is of a static nature since the photographs of the disc

distribution were made when the discs were calmed down after a disturbance.

From a great number of photographs the radial distribution function as well as

the first and second coordination numbers were determined. A good correspondence

was obtained with the results of X-ray diffractometry of corresponding melts4-7.

The aim of this work was to make a dynamical model of an ionic liquid, in

which it would be possible to observe the density influence on transport propreties.

It was accomplished by a continuous energy feeding, i.e. by keeping the ions

in a permanent movement. The results obtained from such a model, according

to expectation, should correspond to the real state of the ionic liquid better than

the above mentioned static model.

EXPERIMENTAL

Molten KC1 was taken as the object of modelling. The mechanical stability of the ion

model from reference 3 was found inadequate for the purpose of constant energetic excitation.

Several other versions were therefore checked" and the one eventually accepted is shown in Fig. 1.

The ion models were made in the form of floats, each ofwhich consisted of a floating disc (9 mm

and 12.3 mm dia. for simulation of potassium and chlorine, respectively), a permanent magnet

41
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(magnetized steel wire 22 mm long, 1.5 mm dia.) and a ballast — a rubber disc for mechanical

stabilization (of the same diameter as the floating disc). The ballast has more than one role: its

surface area diminishes the undulations of the float on the water surface, it increases the stability,

and prevents the linking up of the ends of magnets. For the experiments, about 140 such ion

models were made.

 

Fig. 1. The cross sections of the ion

models

Several different ways of mechanical excitation of the floats were examined. Agitating

the whole mass of present water in the vessel turned out to be the most appropriate way. For

that purpose, a transversal shaker was used. To prevent the floats from bashing into the sides

of the vessel, all of them were gathered within a rectangular floating frame which moved freely

together with them in a larger rectangular dish filled with water. As the shaker makes regular

oscillations, of the dish, some condensation of the floats (at the maximum of elongation), and,

in turn, their widest spreading out (while passing the equilibrium point) occur in regular time

intervals. The spreading depends on the shaking frequency. Because of this phenomenon it is

possible to observe the system in a time sequence, by photographing it in the moments of the

widest spreading.

By varying the number of floats in the floating frame, the variation of density was being

simulated. The free surface area of the model-system was understood as the difference between

the total surface area within the frame and the area occupied by the discs at their closest packing.

The free surface area calculated per mole (as AS) was used for the determination of the corre

sponding molar free volume, AK3.

= (AS)*13 (1)

The simulated density d was then derived as

d = AfRP'k + AK) (2)

where Af is the molar mass of KC1 (74.6 g) and V* is the molar volume of the KC1 crystal at room

temperature (37.487 cm3). Further in the text, by density only the simulated density d is ment.

Five values of density d were chosen for investigation, ranging from about 1.9 g cm-3

to about 1.3 g cm-3 (for the crystal at room temperature d = 1.988 g cm-3). The chosen values

are presented in Table I. At the shaking frequency of 38.5 rpm, two to three photographs of

TABLE I. The chosen values of the simulated density (i) and the corresponding values of the

free molar volume (K) for molten KC1

d, g cm-3 1.88 1.73 1.64 1.49 1.34

V, cn^mo!-1 2.11 5.70 ' 7.95 12.60 18.28

each density were taken from above, in the moments of the widest spreading of the floats. A copy

of one of those photographs is shown in Fig. 2.

RESULTS AND DISCUSSION

In order to get some quantitative characteristics of the model, three radial

distribution curves (Fig. 3) of the ion models were derived (for densities 1.88,

1.64 and 1.34 g cm-3), as well as the first and second coordination numbers

for each of the five densities (Table II, Fig. 4).
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TABLE II. The positions of the maxima (n and ra) of the radial distribution function, and the

values of second coordination number (m) at the simulated densities (d)

d, g cm-3

ri, run

n, nm

Ht

1.34

0.310

0.425

11.5

1.64

0.310

0.460

7.3

1.88

0.310

0.480

3.5

 

 

Fig. 2. Copy of a photograph of the

two-dimensional model of the KC1 melt

taken at a density of 1.64 g cm"3.

02 OA OS rfnm-

Fig. 3. The radial distribution curves

derived from the two-dimensional model

of the KC1 melt for densities a) 1.88 g

cm-3, b) 1.64 g cm-3 and c) 1.34 g cm~3.

The procedure of deriving the radial distribution curves from the photo

graphs for each density was the following. About 60 „ions" (about 20 per photo

graph), one by one, were taken as central ones, and the number of „ions" (n) in

each of the concentric rings was being determined. The width of each ring corre

sponded to 0.037 nm of the natural distances (further in the text all the distances

are given in that way). The „ions" facing the sides of the frame were not taken

into account. The results for all 60 central ions were averaged and preliminarily

plotted as the number of ions, n, vs. distance. These diagrams were subjected to
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further treatment. At first, the correction was performed which approaches the

model to the real state of compressible ions. Namely, since the ion models are

incompressible, the first peak shows a vertical initial slope. The correction includes

the bringing of these first peaks to the form of Gaussian curves, having in mind

that the peak area must remain unchanged after this correction. The second correc

tion was necessary in order to transform the results obtained in plane to corre

sponding data in space. This correction includes the increase of peak area by coresr-

ponding factors /i(r) depending on interionic distance (i. e. on density). These

factors were calculated on the basis of following consideration:

In the highidensity region, near to the crystal density, liquid KC1 has the

crystal-like order, i. e. every ion is surrounded by six oppositely charged ions

in the nearest coordination shell, and by 12 equally charged ions in next nearest

coordination shell. A plane model gives for the same density 4 ions in nearest

and 4 ions in the next nearest coordination shell, respectively. Thus, the correc

tion factors translating the twodimensional representation in to a threedimensional

one are 6:4= 1.5 and 12 : 4 = 3 for the nearest and the next nearest coordination

shell, respectively.

In the second limiting case, i.e. in the state of diluted vapour (in supper-

critical conditions), KC1 is constituted of separated molecules. If we neglect the

polymerization, every ion has only one opposite ly charged ion in the nearest neigh

bourhood. Any long range order is absent. Such a state depictes the twodimenional

model too. Thus the correction factor is 1 for the nearest coordination shell, and

for any next coordination shell it is equal to the ratio of volume inside the observed

shell (VB = 4r3 rt/3) against the volume of the layer whose base area is equal to

the maximum shell cross section and height equal to the central ion diameter

[Vi = (2nr2)d±], where d± stands for the diameters of the positive or negative

ions.

In order to determine these correction factors for any density inside two

above mentioned limiting cases, it is necessary to solve the following two problems:

first, to determine the density at which KC1 could be considered as devoid of

any long range order, and second, to decide on the mathematical form of the de

pendence of the correction factors on density. Since solutions of both of these

problems have not been available, we adopted the following presumptions:

Fluid KC1 can be considered as devoid of long range order when the centers

of neigbouring equally charged ions are at least two average interionic distances

apart from the center of the observed ion. In this case the free rotation of KC1

molecules is allowed. In other words, by increasing the average interionic distance

from r0 to 2r0, the correction factor for the nearest coordination shell should

be decreased from 1.5 to 1, and the correction factor for the next correction shell

should be therewith decreased from 3 to (4/3)(2r0/r0) = 2.67.

It is ressonable to expect that this decrease follows certain exponential func

tions, for which we sugest :

/i(r) = 1+0.5 exp[(r„ - r)/(2r„ - r)]

/2(r) = 2.67 + 0.34 exp [(r0 - r)/(2r« - r)].

The choice of some other exponential function influences not too much

the accuracy of calculation, since the absolute change of correction factors is not

considerable.
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It is of interest to compare the data derived from the radial distribution

curves obtained by the present model (Table IT) and the ones from reference 3.

The data, which correspond to the same density (about 1 .6 g cm-3, near the melting

point of KC1) in both cases, are correlated in Table III. The same n values have

been derived from diffraction measurements4-7, whereas the r<i data in literature

are rather scarce and not quite reliable. The positions of both maxima (Table III),

TABLE III. The comparison of both maxima positions (n and ra) of radial distribution functions,

and the corresponding coordination numbers (hi and m)

Property Present work Reference 3

n, nm 0.310 0.310

ra, nm 0.460 0.460

Hi 3.33 5.20

HI 7.3 10.5

however, agree well if the two models are compared. On the other hand, the first

and the second coordination number (m and M2) derived from our „dynamical"

model (with mechanical excitation) are considerably smaller. Taking into account

that «i and m represent the time average number of ions occupying the corre

sponding coordination shells, it is obvious that our model simulates a system with

a greater energy content, in which the ions move more vividly. In this way, a better

simulation of a real state of the molten salt is achieved.

To substantiate this, an estimation of energy relations was made. Two energy

values were considered: the attractive potential energy value between two ions,

Ep, at the minimum interionic distance and the value of the kinetic energy, Ek,

which tends to set them apart. They were calculated per unit mass, both for the

model and for an original molten KC1 system. The Ep value in the model was

estimated after the attractive force measurements between two floats, whereas

in a real molten KC1 it was taken as the Coulombic potential between two ions.

Since, as an average, about 2 cm3 of water in the shaking dish are energetically

in contact with each ion, the Ek value in the model was calculated as the kinetic

energy of that amount of water. The Ek value for a real molten KC1 was taken

as the infrared energy of 103 nm. Although both Ep and Ek per unit mass were

several orders of magnitude lower in the case of the model, the ratio EvfEk was

of the same order of magnitude both for the model and for the real molten KC1.

Let us now consider the dependence of m on the density d, Fig 4. There

exist a clear delay of the decrease at densities below 1 6 g cm-3 The function

»i = f(<f) could be considered as a result of two opposite effects: namely, with

decreasing density decreases the average lifetime of the ions in the nearest coordi

nation shell (m decreases), but at sufficiently small densities the clusstering prevails,

minimizing the rate of the m decrease with further decrease in density. Also,

there is a certain density at which the ions move most freely, and it is reasonable

that this density is 1 .6 g cm-3 in our case

The dependence of the first coordination number on density, found in the

present work, agrees qualitatively with the experimental electrical conductivity

data of molten salts as a function of density. It was namely found with a large
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number of molten salts, that the electrical conductivity isotherms pass through

a maximum when the density (i. e. pressure) increases8-11. The presence of the

maximum is explained by the increase of the number of free ions, at first, as a

consequence of the increased dissociation, and the decrease of their mobility with

 

gem'

Fig. 4. The value of the first coordina

tion number (m) in dependence of simu

lated density, obtained from the model

of moletn KC1

the further increase of pressure. Although there is no direct experimental evidence,

we consider that the maximum of the electrical conductivity and the point of

maximal change in wi decreasing rate should be expected at the same density

of a molten salt. In the present particular case, the curve in Fig. 4 shows that the

electrical conductivity isotherm as a function of density for molten KC1 should

have the maximum at the density of about 1.6 g cm-3. This is approximately the

density of molten KC1 at its melting point Therefore, this model predicts that

the conductivity of molten KC1 should decrease with both increasing and de

creasing density, with respect to its melting point value.

The presented model is very suitable for the study of other density-dependent

characteristics of molten salts, in particular, self-diffusion and ionic migration

in a by magnetic-fiele simulated electrical field.
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H 3 B O

cHHSH^IKO MOflEJIHPAIfcE PACTOIIA KAJIHjyM-XJIOPHJIA

CJIABKO B. MEHTyC h EOJAH B. PAflAK

MuciuuiuyiU 3a <f>U3um<y xeMujy, npupodm-MaiueMauiuHKu (fiaKy.tiueui, Beo:pad

MeTOfl cJ>H3HHKor iwoflejiHpaiba je npniweiteH 3a HcnHTHBaue crpyKType pacTona KC1.

KoHTHHyHpaHHM flOBoheiieM eHepraje nocTHrHyra je flHHaMHMHOCT iwoaena, Koja flo6po oa-

roBapa crBapHOM craity pacrona. OflpetjeHe cy paflHjanHe djyHKunje pacnoaene 3a hckojihko

rycTHHa h pa3MaTpaHa 3aBHCHocr npBor KoopAMHauHOHor 6poja o« rycTHHe. HaheHo je fla OBa

3aBHCH0CT Ksa/iHTaTHBHo oAroBapa ei<cnepHMeHTajiHHM noaaujiMa o 3aBHCH0crH ejietrrpmHe

npoBOA-tiiBocTH ofl rycTHHe.

(npHMJbCHo 14. oicro6pa 1982)
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An analysis of the data on characteristic volumes of matter (critical volume,

hard sphere volume, covolume, volume of the solid phase at triple point, and the

zero-temperature volume) has shown that definite relations exist between these

volumes. The relations c?n be presented by the power functions 21-' and 2l_,+<1"'

(i-0,l,2...)

The characteristic volumes of matter (critical volume Vc, hard sphere volume

bo = f io3 N, where a represents the diameter of the molecules according to

the Lennard-Jones model, co-volume b in the van der Waals equation of state,

volume of the solid phase at the triple point Vt,s and the volume at absolute zero

temperature V0) represent inherent properties of matter, which do not depend

on pressure and temperature. Several attempts (theoretical and experimental) have

been undertaken to establish relations between these volumes1-3. The relations

between b, Vc and V0, based on the van der Waals theory1, are defined by

b =-. V0 = Fc/3 (van der Waals theorey) (1)

Experimental data show1, however, that the relationship

b = Kc/2 (empirical) (2)

is closer to the truth.

Hirschfelder et al.2 have proposed the following empirical relations between

b0 and the other characteristic volumes:

b0 = 0.75 Vc (empirical) (3)

b0 = 2.3 Vt>li (empirical) (4)

b0 = 2.293 V0 (empirical) (5)

Based on eqs (3) and (5), a relation between V0 and Vc can be derived (eq. 6),

which is in agreement with the theoretical result (eq. 1)

V0 = Kc/3.06 (empirical) (6)
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It was shown more recently8, however, that

V0 = Kc/3.95 (empirical) (7)

fits the actual data better.

It is evident that definite relations between the characteristic volumes of

of matter have not yet been established and that different authors are proposing

quite different empirical relations. Therefore, in this work we made a survey

of the available experimental data and established another empirical relation be

tween the characteristic volumes.

SURVEY OF USED EXPERIMENTAL DATA

Experimental data from the following sources were used: critical volume'-4, hard sphere

volume4, co-volume6, volume of solid phase at the triple point6,7 and volume at absolute zero3,8,8.

The data were processed for more than one hundred substances, elements and compounds: 6

inert gases, 8 elements, 32 saturated and unsaturated hydrocarbons, 31 inorganic and organic

compounds of oxygen and 40 other inorganic and organic compounds of nitrogen, sulphur and

the halogens. •

RELATIONS BETWEEN CHARACTERISTIC VOLUMES

It is shown by our analysis that the relation between a characteristic volume

of some substance and its critical volume can be presented by

Vx

Vc

I

2<-i
V* =

Yj

Vc

■ 2l" =
2V<

Vy =

Vc for « = 1

b fort = 2

Vcioti= 3

for i = 2

for i = 3

I b0 :

I Vu*

(8)

(?)

Relations (8) and (9) can be presented by one common staircase diagram

(Fig, 1). Each characteristic volume corresponds to the beginning or to the end

of some step. The ordinal number of some step corresponds to the number i.

Idividual

molecules

Molecular

pair

Co-volume b«^-

Zero- tempe- u III

roture Vo=— —

volume 4 2"3

Vp = vc

II

,1/2

VM.2Vc

.tfl

,U0.

2Vc - V,

V- oo ideal gas

Individual

m molecules

fvc-bo
Hard sphere

volume

■^f Vc-vt.s
it

Solid phase at

triple point

Fig. 1. The staircase diagram showing the relations between the characteristic

volumes and critical volumes (explanation in text)
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The experimental data proving the validity of eqs (8) and (9), i. e. of the

staircase diagram (Fig. 1), are presented in Figs 2 to 5. Full lines represent

the relations between the characteristic volumes expected according to the

staircase diagram. The experimental data are presented by circles.

j o

/ 0

600

b.

(cm*/mole)

o

500

o

400

o /

300 o /

o y

O w
/0

200 oof

100 &v

Vc (crrrVmole)

f$ 200 400 600 aoo 1000

Fig. 2. Relation between the hard sphere volume b0 and the critical volume Vc.

Solid line: expected by the staircase diagram. Circles: experimental data4

DISCUSSION

Although some of the relations between characteristic volumes (eqs 1 to 7)

were known earlier, a rule that can describe all these se relations by one common

expression was not known. It is shown in this work that the relations between

all characteristic volumes can be presented by one staircase diagram (Fig. 1). (An

analogous approach has been used to describe the changes of densities of celestial

bodies8,10). By an extrapolation of the staircase diagram to : = 0, a volume V = co

is obtained, i. e. a volume characteristic for an ideal gas at zero pressure.

From this point of view, the staircase diagram describes the volumes of

matter in its characteristic states which do not depend on pressure and tempera

ture but on the chemical nature of the substance. The matter is passing through

these states while condensed from the ideal gas up to absolute zero.
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Fig. 3. Relation between the co-volume b and the critical volume Vc- Solid

line: expected by the staircase diagram. Circles: experimental data4,5

H 3 B O n

OJIHOCH H3MEBy KAPAKTEPHCTHMHHX 3AI1PEMHHA MATEPHJE

flPATOCJlAB CTOHJiKOBWR h CJIOEOAAH JOBAHOBITE

llHciuuuiyut 3a ueuipoxeMujy , Tcxhoaouiku <f>aKymTieiu, 21 000 Horn Cad u TexHOAotuKo-Meuia-iypumi

(paKyAiueui , 11000 Eeoipad

riperjiefl o6janji,eHiix eKcnepuMeHTajiHux no^aTaKa o KapaKTepiicTHtHHM 3anpe.MitRaMa

MaTepHje (KpirnpiHa aanpeMima, 3anpeMKHa MBpcre apepe, KOBOJiy.MeH, 3anpe.«HHa MBpcre

tpa3e y TpojHoj Tam<H it 3anpeMiiHa Ha ancoiiyrnoj hv/ih) je noi<a3ao rsl H3Mer)y obux 3anpe.Miina

nocToje oflper)eKH o/mocn. Obh ojihoch ce Mory npni<a3aTH noMohy ei<cnonenmijajimix (dvhk-

mija 21-* h 2i-<+'i'') (» = 0, 1, 2 . . .).

(IlpHMJbeHO 23. jyHa 1981; peBHfliipano 10. Honeiw6pa 1982)
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Fig. 4. Relation between the volume of the solid phase at the triple point Kt»

and the critical volume Vc. Solid line: expected by the staircase diagram.

Circles: experimental data 4'8,7
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ИСПИТИВАВЬА СОЛВЕНТОХРОМНИХ ЕФЕКАТА НА

ЕЛЕКТРОНСКИМ АПСОРПЦИОНИМ СПЕКТРИМА ХЛОРОФИЛЛ Ь

1ЕЛИСАВЕТА М. БАРАНАЦ, ВИДОСАВА М. ГЕОРГЩЕВИЪ-ВУКАНОВИ'Б. и

ДРАГИША Ч. СПИРИДОНОВИЪ

Инсшишуш за физичку хемщу, Природно-машемашички факулшеш, Београд и

РО „Галеника-лекови" , ООУР Коншрола квалишеша, Београд

(Примл>ено 4. октобра 1982)

Веома знача] на фотосинтетичка улога хлорофила за биофункционалност

у бшьном свету и посебно код виших бшьака, предмет )е великог бро]а са-

времених публикаци)а. У овом раду су изложена испитиван>а апсорпционих

спектара хлорофила Ь у веНем бро)у органских растварача у ТЛУ У18-области.

Цил> наших испитиваньа >е да поред прецизираньа карактеристичне апсорпщф

раз;асни и природу утица^а растварача на хромофору хлорофила Ь. Резултати

наших мерен>а продискутовани су применом неких познатих образаца, ко;и

се односе на солвентохромне ефекте.

Прстенасти, тетра-пиролски хромофорни систем 7г-електрона, повезан

преко азотових атома са магнези)умом у средишту молекула, условл>ава од-

рег)ено спектрохеми)ско понашаае хлорофила као и шегову специфичну

улогу у природи. Веома значаща и много проучавана активност хлорофила

у процесу фотосинтезе, гп хпоо, као и у реакци)ама т V^^^о, зависи у многоме

од стан>а ьеговог молекула у биолошким флуидима одн. у раствору. Цшь

испитиваньа у овом раду )с да поред употпугьававьа и прецизиран>а публи

койаних података о спектрима хлорофила, и то првенствено хлорофила Ь,

раз)асни природу утица^а различитих растварача на хромофору хлорофила Ь,

као и да на основу предходних испитиван>а наг)е оптималне услове за спектро-

фотометри)ско одре^иван>е хлорофила Ь у посебно погодним растварачима.

ЕКСПЕРИМЕНТАЛНИ РАД И РЕЗУЛТАТИ

У раду смо користили комерци)ални узорак хлорофила Ь (СЫ Ь) фирме

„31§та", САД (хроматографске чистойе). Употребл>ени растварачи су били

углавном спектрохеми)ске чистоЬе, фирме „Мегск" — „ОуазоГ', или фирме

„Норкт & ОДШатз" — „ЗреагозоГ. Апсорпциони спектри су мерени на

спектрофотометрима: Сагу 171) и Руе 11шсат 8Р8— 100 у области ЦУ У18.

Раствори хлорофила су у току рада били максимално заштиЬени од влаге

и светлости.

Апсорпциони спектри хлорофила а и Ъ на ко)е се често наилази у

литератури1, приказали |^су на сл. 1. Општи изглед спектара ових моле

кула, чи)е се структуре разлику)у за )едну СНО-групу, окарактерисан ]е

основным, на)дуготаласни)им тракама у опсегу таласних дужина 665 — 640 пт

и главным, на)интензивни)им тракама у области 470—430 пт са пратеЬиМ

инфлекси)ама (1), познатим као Зогег-ове траке. Изглед спектра хлоро
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dpHJia b, Kao urro ce bham na en. 1, noKa3yje xHncoxpoMHii nojviepaj ocHOBHor

MaKCHMyMa h 6aTOxpoMHH noMepaj r.iaBHC, Soret-OBe TpaKe, y ojjHOcy Ha cneicrap

xjioporpjuia a.

Cary UD
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600 TXnrn

 

CjiHKa 1 Figure

AncopnuHOHH cneicrpn xjiopocbiuTa a n b

y erpy Kao pacrBapawy

Absorption spectra of chlorophylls a and

b in diethyl ether

QniKa 2 Figure

AncopnmioHH cneicrap x.nopo(pn.na b y

erpy

Absorption spectrum of chlorophyll b in

diethyl ether

HauiH MepeHH ancopnuHOHH cneKTpii xaopodpH.ia b y cTpy h eTanojry,

Kao pacTBapaTOMa, npHKa3aHH cy Ha en. 2 h a. 3. IIoperate cueKTpa x-iopo-
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CjiHKa 3 Figure

Ancopniwomi cneicrap xjiopo-

(bana b y rraHOJiy

Absorption spectrum of chloro

phyll b in ethanol

(puna b y eTpy, cji. 2, ca jOTTepaiypcKHM cneKTpoin, y hctom pacTBapaiy, npHKa-

3aHHM Ha en. 1, noKa3yje /io6po cnaraH.e. Obhm je c je/iHe crpaHe noTBpljeHa

aieKTpanHoaHajiHTHMKa *rHcroha Hauler y3opKa, a c jjpyre crpaHe, oiworyheHo

Hai« je fla ra kophcthmo, y jjajbeM papy, Kao craHaapflHH, pecpepeHTHH cneicrap.
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Понашаае спектара СЫ Ь у хидроксилним растварачима, као што )е

станол (сл. 3), у односу на иста у етру (сл. 2) изражено )е знатним батохром-

ним по«еран>ем на основном максимуму Х1 (16 пт), као и извесним проши-

риван>ем основних и 8огег-ових апсорпционих трака. Нарочито )е изражено

прошириван>е карактеристичних апсорпционих трака, са по;авом и инфлек-

си^е на дуготаласном делу основне апсорпционе траке, у неполарном угл>о-

водоничном растварачу као што )е я-хептан, приказано на сл. 4. Каракте-

ристични параметри апсорпщф СЫ Ь за све раствараче ко)е смо користили

А

0.5

11тсат 5р8-100

(У

Слнка 4 р1виге

Апсорпциони спектар хлоро-

фила Ь у и-хептану

АЬзогриоп зрестмп оГ сЫо-

горЬуИ Ь ш л-Ьер1апе

у нашим мерензима, приказани су у табл. I. Поред вредности таласних дужина

(>.) и апсорбанци)а (А), дати су и односи апсорбанщф Зогег-ових и основних

трака, као и односи 5огех-ових трака и въихових инфлекси)а. Вредности

односа апсорбанци)а 5оге1-ових трака и основних су код веКег бро)а раства-

рача двоструко веЬе од истих односа у спектрима хлорофила а, ко)е }е у

свом раду приказао 5еа1у2. Ме^утим, посто)и известан бро) растварача где

)е та) однос апсорбанщф и вишеструко веЬи, у односу на исти код хлоро-

фнла а (в. табл. I, предзадоьу колону). Као што се види, односи апсорбан

щф 8ог«-ових трака и н>ених инфлекси)а приближно су )еднаки са истим

односом код СЬ1 а, за веНину растварача са изузетком етра и ацетона (в.

табл. I, задаьа колона).

Провераван>е важеньа Веег-овог закона )е извршено нешто детал>ни)е

нарочито за два растварача: етар и ацетон. Приказане аналитичке праве,

на сл. 5, за основни и главни максимум врло добро задовол.ава)у линеарну

зависност у коришКеном опсегу концентраци)а. Поре^евьем вьиховим, уочава

се извесно смавзевье концентрационе осетл.ивости аналитичких правих у ета-

нолу у односу на исте у етру као растварачу.

Корелиравьем вредности индекса преламан>а (яп) исиитиваних растварача

са спектралним параметром (>а), уочава се знатан батохромни номера) таласне

дужине основног максимума са порастом яр. Максимална вредност тог по-

мера)а, ко)а )'е израчуната у односу на апсорпциону траку у етру, узету за

„оеферентну вредност", износила )е ДХ = 20 пт, одн. = 477 ст-1. У

односу на „референтну вредност" изражен )*е батохромни помера) осталих

коришКених растварача. Посматрану зависност спектралних параметара, до-

бивених из наших мерен>а, од вьихових оптичких квалитета (>щ) проверили

смо познатом ВауПзз-овом релаци)ом3. У табл. II су приказани тако добивени

резултати, а на сл. 6 )е дат и ньихов графички приказ. Релативно добар право

 



AilAt"

1.32,3 1.31.3 1.31.1 1.31.0 1.02,3 1.0I.I

TAEJIHUAITABLE

KapaKTCpHCTHKeancopmiHOHHXcnCKTapaxnopodiHJiabypaarotMHTHMpacTBapa<<HMa
Quantitativedataoftheabsorptionspectraofchlorophyllbinvarioussolvents

PacTBapai

Xnm

AilAt
2.6 2.3 2.6 3,6 2.9 4.5 3.7 4.7 5,4 3.1 6,7 2.9 6.3

-4io

0,205

—

0,200

—

0,205

— — — — — — —

AtAt

0,220

— — —

0,240 0,300

— — — — — — —

0,200 0,280 0,1600,210

—

0,210

— — — — — — — —

A,

0,170

— —

0,180 0,280

— — — — — — —

At
0,400 0,610 0,300 0,235 0,404 0,820 0,110 0,280 0,200 0,390 0,270 0,490

;O,205

A,

0,960 0,780 0,520 0,230 0,920 0,905 0,110 0,260 0,270 0,590

—

0,723 0,315

At
0,080

— —

0,090

— —

0,040 0,085 0,025

—

0,015

At
0,090 0,065 0,080

—

0,080 0,085

— —

0,030

—

0,012 0,065 0,025

At

0,105 0,118 0,100

—

0,110 0,090

— —

0,020 0,087 0,010 0,080 0,112

At
0,350 0,312 0,200 0,073 0,320 0,200 0,030 0,055 0,050 0,190 0,040 0,250 0,050

X
303

.—

310

—

31Si
338

— — — — — —

VIIIIX 328
3451

— —
330

— — — — — — —

3541

—

340

—

3551 3611

— — — — — —

VII 3731

—

3801

—

3741

— — — — — — —

VI
424i 446i 4301

430 42U
4361 4322 4281 4141 4321 4344

434

V

447 4*3 460 442 451 448 454
4*41 434 456 437 460 450

IV

5331

— — — —

534
— —

SIM 5)41 5251

—

5341

III
5561 535i 5421

—

S40i
560

— —

5541

—

5591 5401 594i

II
5*3 603 594

—

591 597

— —

WW 5941 6Mi
600 641

I
631 630 644 648 640 642 MO (46 654 646 658 650

6551

ETap

MeTaHon
ETaHOJt

i-riponaHOrt

AqeTOH
JlHOKCaH

AlieTOHHTpHJt

DMSO
THF

CHCla
C,H,NO.

CSa

n-Xenran
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TABJIHUA II TABLE

KBaanmrmBR noaauH 3a npoBcpiaa&e Bayliss-oBe penaintje

Quantitative data for the verification of the Bayliss relation

P. 6p. PacTBipw Xnm v cm-1 A vcm-1 no

n'-l

2n*+l

1. EnuKiap 638 15674
 

1,3497 0,1769

2. AqenH 640 15625 52 1,3591 0,1805

3. n-XeirraH 641 15601 73 1,3880 0,1909

4. JlHOKCaH 642 15576 98 1,4221 0,2027

5. Etshcu] 644 15528 146 1,3610 0,1812

6. XjiopodwpiH 646 15480 194 1,4464 0,2107

7. DMSO 646 15480 194 1,4773 0,2204

8. j'-IIponaHOJi 648 15432 142 1,3749 0,1862

9. McTaHOJi 650 15385 289 1,3288 0,1688

10. AqeroHmpHJi 650 15385 289 1,3415 0,1738

11. yrjbempJcyjKbim 650 15385 289 1,6295 0,2623

12. T H F 654 15291 383 1,4040 0,1965

13. Hirrpo6eH3eH 658 15197 477 1,5524 0,2243

 

Cinoca 5 Figure

AaammnKe npaBe 3a ochobkh

h rjiaBHH MaKCHMyM ancopn-

UHOHHx cneicrapa xnopoduuia b

y erpy h eraHony

Beer's analytical lines for vari

ous absorption maxima in diet

hyl ether and ethanol

jiHHHjcKH TpeHfl npani cKopo BehHHy KopHiirheHioc pacrBapaqa kojh thmc no-

TBP^yi6 BajKeite Bayliss-OBe pejiauHje. Heurro tna&a oflCTynaita ce 3ana>Kajy

Koa ajncoxojia (eraHOJia h i-nponaHOjia) y o/nrocy Ha H3pa3HTa oflcrynaifca kor

aqeTOHHTpHJia, TCTpaxHflpo<pypaHa h HHTpo6eii3eHa (b. cji. 6, Tam<e 9, 10, 12

H 13). Cmrmo noHamaite y hcthm pacreapaTHMa, 3ana3HO je Sealy2 npaTehn
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промене СЫ а, у свои раду, ко)и )е обухватао )ош и знатно веЬн бро) раства-

рача. Нешто више о изложеном понашан>у реЬиНемо у оквиру Дискуси^е.

 

I , ___1_< т СгарЬ о! Ли ВауН85 ге1а-

о юо 200 зоо Ход 5оо" "оп Гог таыё"и 8**еп 1п

ДИСКУСИ]А И ЗАКЛ>УЧЦИ

Одре1)иван.е и прецизиран>е карактеристичне апсорпщце СЫ Ь, ко)е смо

извршили у веЬем бро)'у органских растварача, не само да употпун>у)е зна

чаща 9еа1у-)'ева мерен>а, недавно извршена на растворима СЫ а, веЬ са вишс

аргумената и критичности разматра проблем солвеншохромще и на СЫ Ь.Тако

су праволини)еки тренд, при графичком приказу ВауНяз-овс релаци)е, следили

раствори 'са изразито доминантним солвеншохромним ефекшом (в. сл. 6 и табл.

II). Одступан>а осталих растварача од ВауН$5-ове релаци)е указу)у и на мо-

гуЬе солвашохромне ефекше (в. сл. 6 и табл. II). Зато \е одступаае алкохолних

поларних растварача могуКе бол>е разумети ако се претпостави наста)ан>е

хидрогеновалентне интеракщф са азотовим атомима у молекулу СЫ Ь, што

)е окарактерисано занатним померанцем на /ч (ко;и ни;е пропорционалан са

индексом преламан>а), као и смаше&ем интензивности апсорпци}е уз извесно
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KapaKTepHCTHHHO npoiuHpHBaite Tpana, noje HaBcyjH H CeB^eHKo y cbojhm

pa^oBHMa4.

,Ho6HBeHe 6epoBCKe aHajummKe npaBe (b. en. 5) AecpHHHiiry oSjiacr koh-

neHTpaimja Baweita Beer-OBor 3aK0Ha h oiworyhaBajy KBaHTHTaraBHO 0flper)HBaH>e

xnopocpmia b. CHa&em KOHHeHTpainroHa ocervbUBOCT anajiHTHUKroc npaBHX y

ajiKoxojry, y oflHocy Ha Here y erpy, Monraa 6h ce y3ern i<ao aonyHCKH apryMeHT

3a npcrxoflHO jj^to Tyiwaneibe. MaHH<hecroBaH>e npeBoja Ha flyroTajiacHOM flejiy

ocHOBHor MaKCHMyina (Xi) cneKTpa Chi b y w-xenTaHy, nao H3pa3HTOM Henojiap-

hom pacTBapaqy, yi<a3yje Ha H3BecHy Moryhy flHMepH3au,Hjy OBor MOJieKyjia, Koja

je nofl hcthm ycjiOBHMa h na hcth HaMHH 6njia HcnoJbeHa h y cneKTpHMa Chi a

HcnHTiiBaHHM OA crpaHe Journeaux-a5 h capaflHHKa.

CneicrpH Chi b y pacTBapaiHMa ca xeTepoaTOAuuwa (TeTpaxHflpotbypaH, HHTpo-

6eH3eH h flp.), K°jH 3HaTHO oflCTynajy on Bayliss-OBe pejiaunje cy Hapowro

HHTepecaHTHH. ripenia cKopauiH>HM TyMaieftHMa Leicknam-a« h capaflHHKa, OHa

6h «orjia «a 6yfly o6jauiH>HBa MoryhHOiuhy rpaheiba KOMnjienca roiwehy xeTepo-

aTOMa pacTBapaia h MarHe3HjyMa, Kao uewrpajiHor a-rowa MojieKyjia xnopo4>Hjia.

Hauia TyMaqeaa, OB^e H3Jio>KeHa, 3axTeBajy h jjarbH pap, Ha obom npo6-

Jieiwy. 3aca/i OHa Hnan aobojbho ersaicrao pa3rpamwaBajy coMemuoxpOMHe oa

coAeatuoxpo.HHux ecbenaTa, koa KopnuiheHHX pacTBapa^a, na THMe AecpHHHiiiy on-

THMajIHe yCJIOBe 3a KBajIHTaTHBHO H KBaHTHTaTHBHO HCITHTHBaHie XJIOpO(J)HIia b.

SUMMARY

SOLVENTOCHROMIC EFFECTS IN ELECTRONIC ABSORPTION SPECTRA OF

CHLOROPHYLL b

JELISAVETA M. BARANAC, VIDOSAVA M. GEORGIJEVIC—VUKANOVIC

and DRAGISA C. SPIRIDONOVIC

Institute of Physical Chemistry, Faculty of Science, University of Belgrade, P. O. Box 550,

YU -11001 Belgrade, and Quality Control Laboratory, O. A. L. Galenika-lekovi,

YU-11000 Belgrade, Yugoslavia

Absorption spectra of chlorophyll b dissolved in a number of organic solvents were in

vestigated in the VIS/UV region. The aim was a clarification of the influence of nature of solvents

on the chromophore of chlorophyll b. Polar and non-polar solvents and their mixtures were ap

plied. Various dispersion formulas were tried and the results discussed.

(Received 4 October 1982)

JIHTEPATYPA

1 . C. L. Comar, Anal. Chem. 14, 877 (1942)

2. G. R. Sealy, R. G. Jensen, Spectrochimica Acta 21, 1835 (1965)

3. N. S. Bayliss, /. Chem. Phys. 18, 292 (1950); 58, 1002 (1954)

4. A. H. CeBieHKO, T. Tl. TypHHOBHi, K. H. CojioneB, „CneKmpocKonuH x.iopo$u.w u podem-

teuux coedunenutt" , Hayna « TexitHKa, Mhhck 1968

5. R. Journeaux, G. Chene.R. Viovy.J. Chim. Phys. 74, 1203 (1977)

6. J. P. Leicknam, O. E. Anitoff, M. J. Gallice, M. Henrv, D. Rutledge, A. E. K. Tayeb, /. Chim.

Phys. 78, 171 (1982).





ГЛАСНИК ХЕМШСКОГ ДРУШТВА БЕОГРАД

ВШХЕТШ ^Е ЬА 8С-С1ЁТЕ СН1М1С;1Ш ВЕООКАО

48 (3) 63—69 (1983)

ОНОВ-884 1ЛЭС 666.792: 661.665.2

Оп&па! хипН/к рарет

Посвящается памяти Г. В. Самсонова

РОЛЬ ПРОЧНОСТИ И ПЛАСТИЧНОСТИ ТУГОПЛАВКИХ

СОЕДИНЕНИИ В СОЗДАНИИ АБРАЗИВОВ И ТВЕРДЫХ СПЛАВОВ*

ИРИНА П. КУШТАЛОВА

Институт сверхтвердых материалов АН УССР, Киев, СССР

ДРАГОЛЮБ П. УСКОКОВИЧ и МОМЧИЛО М. РИСТИЧ

Институт технических наук Сербской академии наук и искусств и Центр по мультидисии-

плинарному обучению Белградского университета, Белград, Югославия

(Поступило в редакцию 12 октября 1982)

С аспекта конфигурационной модели электронного строения вещества

проведен теоретический анализ зависимости абразивной способности от проч

ности и пластичности тугоплавких соединений. Пластифицированием тради

ционных карбидных составляющих твердых сплавов могут создаться высоко

производительные твердые сплавы.

«

Дальнейшее развитие машиностроения связано с ростом параметров

технологических процессов, температур, скоростей, механических нагрузок

и действием агрессивных сред. Постоянную проблему в машиностроении

представляет изыскание абразивных материалов и методов абразивной обра

ботки, обеспечивающих все более высокую производительность и чистоту

обработанных поверхностей, минимальное накопление напряжений на них, а

также в объеме обрабатываемых изделий.

Абразивные материалы должны обладать высокой твердостью, проч

ностью, хрупкостью, а, следовательно, иметь определенное сходство в стро

ении — характеризоваться высокой долей ковалентно направленной связи

между атомами, сочетающиеся в окислах с ионной связью. Ковалентная

связь в свою очередь определяет химическую инертность вещества, так как

все электроны атомов спарены и образуют другие устойчивые электронные

конфигурации, которые могут быть нарушены только при весьма интенсив

ных и сильных возбуждениях механического или физико-химического типа.

Нарушение связи между атомами в тугоплавких соединениях при обы

чных температурах происходит не постепенно, как у металлов, а сразу по

достижении определенного порога напряжений, достаточных для разрыва

межатомных связей. Связи же между атомами в ковалентных и ионных

соединениях являются жесткими, „неэластичными" и определяют хрупкость

этих соединений, т. е. способность разрушаться сразу, по достижении опре

деленного порога напряжений. Все эти особенности определяются, в первую

очередь, особенностями тонкого строения вещества на субатомном, т. е.

электронном уровне.

* Данная работа проведена в рамках сотрудничества между АН СССР (Институт

сверхтвердых материалов АН УССР) и Сербской академией наук и искусств.
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Валентные электроны атомов в конденсированном состоянии вещества,

в частности в твердом его виде, подразделяютя на две подсистемы : электроны,

локализованные у остовов атомов и электроны, находящиеся в нелокализо-

ванном (коллективизированном) состоянии.

В неметаллах и полуметаллах локализация валентных электронов до

стигает высокого значения, особенно когда возможно образование ими наи

более энергетически устойчивых (стабильных) электронных конфигураций.

Примером может служить алмаз, кремний и германий, где валентные элек

троны (з2р2) могут за счет 8—>-р —перехода образовывать квазистабильную

зр3-конфигурацию, определяющую высокую прочность, хрупкость алмазной

решетки, а также само возникновение тетраэдрических группировок атомов .

Однако, при переходе от алмаза к кремнию, и далее к германию энергети

ческая устойчивость этих стабильных конфигураций уменьшается и, наряду

с изменением прочих физических свойств, уменьшается твердость, хруп

кость и несколько увеличивается пластичность, последняя резко возрастает

при переходе к элементам той же группы — олову и свинцу — за счет дело-

кализации валентных электронов и малой доли стабильных 8р3-конфигураций,

недостаточной для образования жестких направленных связей и самой ал-

мазоподобной решетки.

Характер взаимодействия между традиционными абразивами и обра

батываемым пластичным материалом заключается в том, что абразивное

зерно пластически деформирует материал без собственной деформации, т. е.

на границе между зерном и абразивом возникает граница резкого перехода

от непластичности к пластичности. Это вызывает в обрабатываемом материале

сильные внутренние напряжения, а также структурные и иные нарушения,

причем при повышении твердости обрабатываемого материала должны пре

валировать структурные дефекты и нарушения, а при повышении пластич

ности наоборот — внутренние напряжения. Отсюда необходимо максималь

ное повышение пластичности абразивного зерна без существенного по

вышения его твердости, т. е. оптимальное сочетание твердости и пластичности

обрабатываемого материала и. образца.

Существуют несколько путей достижения такого состояния, однако все

они основаны на некоторой делокализации или ослаблении электронных

конфигураций, без существенного уменьшения локализации и при сохра

нении тех ее очагов, которые обусловливают высокую твердость.

Так, при использовании алмаза это может быть достигнуто легированием

его, например, азотом, когда вхождение в решетку атома азота вместо атома

углерода обусловливает появление дополнительного электрона в слабо ло

кализованном состоянии ($2р-»зр4->8р3->-р) для азота по сравнению с зр3-кон-

фигурацией для атома углерода в алмазе.

То же самое может быть достигнуто заменой части атомов углерода в

решетке алмаза атомами кремния или германия, обладающими энергетически

менее устойчивыми конфигурациями, а также атомами бора, где недостаток

одного электрона по сравнению с 8р3 (82р^-зр2) должен вызвать донорно-ак-

цепторный обмен между атомами бора и углерода, т. е. некоторую делокали-

зацию (среднестатистическую), ведущую к увеличению пластичности.

Другой возможностью создания абразивных материалов повышенной

пластичности без чрезмерно резкого повышения твердости является образо

вание соединений, у которых наличие 8р3-конфнгураций атомов углерода
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(или других) сочетается с наличием достаточного числа нелокализованых

электронов, определяющих пластичность абразива.

При этом в первую очередь обращают внимание карбиды переходных

металлов, где атомы углерода образуют зр3-электронные конфигурации, а

часть валентных электронов переходных металлов остаестя нелокализованной1.

В табл. I2 приведена толщина наклепанного слоя для карбидов разного

состава и изменение микротвердости в результате поверхностного наклепа.

ТАБЛИЦА I. Микротвердость и глубина наклепанного слоя

Глубина Микротвердость, кг/мм2
Карбидная фаза ■ слоя, мкм

исходная после наклепа

ТЮо.вг 28 2210 ± 80 2350 ± 130

Т1Со,75 28 2450 ± 80 2600 ± 160

Т1Со,вз 24 2900 ± 90 2950 ± 140

2гСо,вг 30 2200 ± 80 2300 ± 130

2гСо,7! 28 2450 ± 90 2600 ± 120

2гСо,во 28 2500 ± ПО 2600 ± ПО

2гСо,9в 25 2600 ± 100 2650 ± 130

28 1800 ± 120 2000 ± ПО

N600,82 32 2100 ± 100 2100 ± 120

ЫЬСо,эо 33 2100 ± 100 2400 ± 100

N500,99 28 2000 ± 140 2400 ± ПО

Как показывает таблица, характер изменения размеров блоков в области го

могенности исследованных карбидных фаз согласуется с изменением в этих

фазах микротвердости в результате поверхностного наклепа. Таким образом

переход от карбидов титана и других карбидов металллов IV группы к кар

бидам металлов V, а затем VI групп приводит к уменьшению твердости и

увеличению пластичности ввиду меньшей передачи атомами металла валент

ных электронов атомов углерода в 8р3-конфигурации.

Подобные результаты получены и в работе 3. Показано, что переход

от карбидов металлов IV и VI к карбидам металов V и VI групп приводит

к повышению пластичности, однако при этом уменьшается абразивная спо

собность. В этой связи наиболее перспективным может быть карбид гафния,

в котором высокая абразивная способность сочетается с заметной пластич-

ностьтю. *

Не менее перспективным может оказаться более дешевый карбид цир

кония. При этом следует учитывать метод получения карбидного порошка,

определяющий количество макро- и микродефектов. При данной пластич-

чности абразиваные свойства и прочность зерен карбида циркония могут

быть повышены при достаточно хорошей огранке их и повышении изометрич-

ности.

В табл. II приведены данные о прочности зерен некоторых тугоплавких

соединений, полученных в изометрической форме.

Исследования показывают (табл. И), что прочность возрастает от зерен

карбида циркония зернам карбида и борида вольфрама, что может быть

связано с появлением некоторой пластичности у соединений вольфрама за
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ТАБЛИЦА II. Прочность зерен порошков тугоплавких соединений

(определена на приборе для испытания прочности алмазов)

Зернистость, мкм

Прочность на сжатие

грамм/зерно

2гС ШС

400/315 1366 3795 2013

315/250 1030 1864 1236

250/200 625 1109 1016

200/160 616 859 720

160/125 463 718 510

125/100 360 519 514

100/80 270 399 506

счет большей локализацией электронов у атомов этого металла и соответственно

меньшими возможностями стабилизации 8р3-конфигурацией атомов углерода,

отвечающих за твердость и хрупкость.

Микромеханические испытания, проведенные Ткаченко и Бовкун по

методу вдавливания и царапания также показывают, что независимо от

метода воздействия на материал при переходе от карбидов металлов IV группы

к карбидам металлов V и VI группы снижается хрупкость и увеличивается

хрупкая прочность, т. е. повышаестся сопротивление их поверхностному

растрескиванию.

Кроме того, особенности формоизмененя карбидов при действии на

них сосредоточенной нагрузки, показывают, что пластичность карбидов по

вышается при переходе от карбидов металлов IV группы к карбидам металлов

V и VI групп.

Исследования показывают, что в случае карбидов возможно и допол

нительное увеличение пластичности за счет изменения дефектности углеродной

подрешетки в пределах областей гомогенности2.

Третьей возможностью создания абразивных материалов повышенной

пластичности является легирование широко принятых абразивных материалов

типа карбидов бора и кремния. Их широкое распространение вызвано не

только низкой ценой, но и тем, что локализация в них слабее, чем в алмазе,

а поэтому нарушения поверхностной структуры обрабатываемого материала

также меньше.

Во всех этих случаях распределение абразивных частиц в дисперсном

состоянии в пластичных металлических или иных матрицах должно при

водить к уменьшению напряжений в обрабатываемом материале. Усиление

локализации приводит к увеличению производительности абразива, но к

ухудшению качества обработки. Такая дополнительная локализация может

быть вызвана понижением температуры, когда нелокализованные электроны

собираются в зр3-гибриды, в основном сохраняющиеся и при обычной тем

пературе. Установлено, что срок службы абразивного инструмента после

выдержки в жидком азоте в течение 15 минут увеличивается в 2—3 раза.

Исследования показывают, что абразивные свойства тугоплавких соеди

нений снижаются с ростом пластичности. Одновременно повышается чистота
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обработки, которая как правило, на один-два класса превышает чистоту

обработки алмазом.

Аналогичные решения необходимы и при создании новых высокопроиз

водительных сплавов, где непластичность карбидной составляющей тради

ционно компенсируется высокой пластичностью матрицы. Однако, при этом

непластичность тугоплавких соединений продолжает играть отрицательную

роль, например, при резании твердыми сплавами „неподатливость" карбидного

зерна вызывает возникновение существенных напряжений в обрабатываемой

поверхности со всеми следующими отсюда последствиями. Обращает внимание,

что за 50 лет существования спеченных твердых сплавов практически всегда

их основным компонентом являлся и является карбид вольфрама, единствен

ный карбид, обладающий некоторой, хотя и небольшой, пластичностью,

связанной с тем, что вольфрам, обладающий высокой степенью локализации

валентных электронов, не стабилизирует зр3-гибридов атомов углерода, от

ветственных за хрупкость и непластичность.

Введение в высокотвердые карбиды титана донорных примесей, на

пример азота, атомы которого занимают места атомов углерода в решетке

карбида, давая одновременно слабосвязанные электроны, обеспечивающие

повышение пластичности, приводят к возможности успешной замены карбида

вольфрама в твердых сплавах другими карбидами, что важно в связи с де

фицитностью вольфрама, а также для создания принципиально новых сплавов

с существенно повышенными свойствами.

Примером реализации этой возможности являются исследования, про

веденные в работе 4. Показано, что введение в состав карбидов азота при

водит к образованию карбонитридных фаз, при этом конфигурация валент

ных электронов азота превращается в конфигурацию $р3 с освобождением

одного электрона, увеличивающего концентрацию нелокализованных электро

нов в решетке карбонитрида по сравнению с карбидом. Карбонитриды оказы

ваются значительно более пластичными, чем карбиды и нитриды, т. к. в

нитридах высока доля ионной связи за счет образования частью атомов

азота 83р'-конфигураций5.

Кроме этих принципиальных мероприятий, возможно улучшение твер

дых сплавов за счет уменьшения контрастности в пластичности между ма

трицей и карбидным зерном, путем образования „кольцевых" структур, когда

вокруг карбидных зерен возникает оболочка из соединений карбида и металла

матрицы, имеющей твердость и пластичность, промежуточные между кар

бидом и матрицей. Определенный успех был достигнут в сплавах ТЧС—№

при легировании никелевой связки молибденом, который во время спекания

дифундирует из связки к границам карбидного зерна и замещает часть атомов

титана с образованием твердого раствора Т1С—МогС который обладает

меньшей твердостью, чем карбид титана, и поэтому имеет несколько боль

шую пластичность8. Появляющаяся при этом упомянутая выше „кольцевая"

структура зерен карбидной фазы служит смягчающей прослойкой между

хрупким карбидом и пластичной связкой. Однако сердцевина является все

же весьма твердой и довольно хрупкой. Тем не менее это не является необ

ходимым решением, так как сохраняется непластичность карбидного зерна.

В этой связи необходимо повышение пластичности центральной износостойкой

фазы для дальнейшего уменьшения контраста между твердой фазой и связкой,

что должно вызвать повышение общей прочности сплава.
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Hcno;u>30BaHHe ;ibohhmx KapCu^OB b KauecTBe TBepaoft dpa3bi crmasoB

HMejlo ucitio noBbiuieHHe inacnmHOCTH cep;weBHHbi nap6iwioro 3epHa7.TaKoe

aonymeHHe 6a3HpoBajioo> na pe3y-u.TaTax pa6or8, KOTopwe noKa3ajiH, «rro pacr-

BopeHHe HCKOTopbK Kap6nflOB b KapCunax THTana Bbi3biBaer CHaqajia Heo6ojibinoe

yBCjiHMeHHe, a 3aTeM yMeHbuieHHe MBxpoTBepflocrH. ABTopbi pa6oie 7 nonasajiH,

«rro noBbiuieHHe ruiacnraHOcrH ABoftHbix Kap6naoB CBH3ano c ;;ejiOKajiH3aimeft

«iacTH BajieHTHbix ajieicrpoHOB aTOMOB yrnepofla, Koropbie o6pa3yioT ycrofliiHBMe

sp8-KOH(J)HrypaiB«i, OTBeTCTBeHHbie 3a TBepAocrb H xpymcocrb MaTepHana.

TaKHM o6pa30M, ochobhmm mcto;;om peuieHHH npoo.ieMbi co3^aHHH hobux

BbICOKOripOH3BOaHTe.IbHbDC TBepAbK CIUiaBOB HBJIfleTCH — njiaCTH(pHUHpOBaHHe

TpaaHUHOHHblX Kap6H£HbIX COCTaBJUUOUUtt TBepAbOC CBJiaBOB BBcAeHHeM B HHX

cooTBCTCTByioiuHx #o6aBOK, jih6o co3A3HHe HOBbK TBepflbix coeflHHeHHft, o6jia-

AaiOmHX OAHOBpeMeHHO 3aMeTHOH IUiaCTHMHOCTblO.

H3BOA

y^OrA JAMHHE H miACTHMHOCTH TEIUKOTOriJfcHBHX JEJCHrbErbA

y OEPA30BAH>y AEPA3HBA H TBPflHX JIETyPA

HPMHA n. KyiHTAJIOBA

Hnciuuuiyw sa cyuepukepde Mamcpuja.ie AH YCCP, Kujet, CCCP

.HPArO.II.yE n. yCKOKOBH-R h MOM*WJIO M. PHCTHTi

IIuculuLuyiu mexnuHKUx uayxa CAHY u IXenuiap 3a My.uuuducuuuAuiiapue cuiyduje

BeoepadcKoi ynutepiuiueiua, Ecoipad

Ao6HjaH>e aSpaaHBHHX MaTepHjana noBehaHe ruiacTHKHOCTH, 6c3 cyBHiue BeiiHKor noBe-

haiba TBpAohe, moxcc ce ocTBapHTH chhtc3om je.anK>ett>a koa ko)hx npncycTBO sp9-KoH(pHrypaiutja

yrACHHKOBHX (hjih flpynix) aTOMa ojroBapa npHcycTBy aoBOJbHor 6poja neji0Ka.TH30BaHHx

e^exTpoHa, ko)h oAperjyjy ruiacnrfHocr a6pa3HBa. TaKo, Knytm oa THxaH-KapCHAa h flpyrnx

Kapoiiaa MCTajia VI rpyne nepHojmor CHcreMa Ka KapoHOHMa MCTajia V h aajbe VI rpyne AOJia3H

no ciwaibeifca TBpAohe h noBehaiba njiaCTHiHOCTH. Obo je nocjieoHua npeaaje MaH>er 6poja Ba-

jichthhx eneifrpoHa yrjbeHHKOBHX aTOMa aTOMHMa MCTajia y sp'-KOHdwrypauHjH.

(ripHivubeHo 12. OKTo6pa 1982)

SUMMARY

ROLE OF STRENGTH AND PLASTICITY OF REFRACTORY COMPOUNDS IN THE

FORMATION OF ABRASIVES AND HARD ALLOYS

IRINA P. KUSHTALOVA

Institute for Superhard Materials of the Ukrainian Academy of Sciences, Kiev, USSR

DRAGOLJUB P. USKOKOVlC «nd MOMCILO M. RISTlC

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade, and Center

for Multidisciplinary Studies of the Belgrade University, Belgrade, Yugoslavia

The obtainment of abrasive materials with increased plasticity (and without considerable

increase of hardness) may be achieved by synthesis of compounds where the presence of the

sp* configuration of carbon (or other) atoms corresponds to the presence of a sufficient number

of non-localized electrons, which determine the plasticity of the abrasive. Thus, starting from

titanium carbide and other carbides of metals of the IV group of the periodic chart, towards the
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carbides of metals belonging to the V and VI groups, both a decrease in hardness and increase

in plasticity is noticed. This is a consequence of a transfer of a small number of valence electrons

from the carbon atoms to metals of a ip* configuration.

(Received 12 October 1982)
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

ВиЬЬЕТШ БЕ ЬА 50С1ЁТЁ СНШ10.1Ш ВЕОСКАБ

48 (3) 71—77 (1983)

СНОВ-885 1ЛЭС 669.15 -194.3: 536.42

ОпрпсА 5аепи/гс рарег

УТИДАГ ПОЛАЗНЕ СТРУКТУРЕ НА ДИЛАТОМЕТРЩСКО ПО-

НАШАЬЬЕ МАКАОШО ЧЕЛИКА Ре-№-Со-Мо-Т1 ТИПА ПРИ КАЛ>ЕН>У

НАЛА П. ВИД01ЕВИЪ, НАДА М. НОВОВИЪ-СИМОВИТг и БИЛ>АНА М. АНЪЕЛИЪ

Техно.юшко-мешалуршки факулшеш Универзишеша у Београду, й. йр. 494, 11001 Београд

(Примл»ено 3. новембра 1982)

Да би се испитао утица) полазне структуре таодшв челика Ре-М1-Со-Мо-Т1 типа

на фазне промене ко)е се одиграва)у при загреван>у до температуре кал>ен>а (815°С) и хла-

Ъ*н>у до собне температуре, дилатометри)ске епрувете су претходно загреване до разли

чили температура у подруч)у 503 — 815° и хла^ене у пеЬи дилатометра до собне температуре.

Анализа диферешш)алних дилатометри)ских кривих доби)ених при загреваку претходно

третираних епрувета до 815" и хла1)ен>у до собне температуре, показухе да полазна струк-

тура испол>ава битан утица) на процес аустентизаци)е испитиваног челика и н>егово пона-

шанэе при хла^елу. Уочене разлике у дилатометри)ским ефектима продискутоване су у

зависностн од фазног састава испитиваног челика у полазном стан>у и стан>у аустенита

на температури кшьаьа. Додатна испитиван>а, ко)а су се састо)ала у претходном више-

струком загреван>у дилатометри)ских епрувета до одре1)ене температуре, потврдила су

запажака о великом утица1у полазне структуре на процес аустенитизаци)е испитиваног

тага^ш^ челика и н>егову мартензитну трансформаци)у при хла^ен.у.

Наставл.а)уЬи испитивавъа фазних трансформащф у тата^п^ челику

Ре-№-Со-Мо-Т1 типа1-3, у овом раду )е варирашем температуре претходног

третиран>а праЬен утица) полазне структуре на фазне промене ко)е се оди-

грава)у при загревавьу испитиваног челика до температуре кал>ен>а (815°С)

и хла1)ен>у до собне температуре. Ово из разлога што посто)еЬи литературни

подаци показу)у да полазна структура тага^т^ челика испол>ава битан ути

ца) на процес н>ихове аустенитизаци)'е и понашавье при хла!)ен>у у процесу

кал>ен>а4~в. Сигурно )е да Ье се ова) утица) одразити и на процес старевьа

ко)и, када се изведе под оптималним условима, обезбе^'е изузетно добре

особине тага^тд челика.

МАТЕРЩАЛ, ТЕРМИЧКА ОБРАДА И ЕКСПЕРИМЕНТАЛНА ТЕХНИКА

За испнтиван>е )е коришЬен шагаете челик следеЬег састава:

С - 0,008, $1 - 0,09, Мп - 0,02, Р - 0,002, 8 - 0,009, А1 - 0,10, Мо - 4,68,

N1 - 17,77, Со - 7,28 и Т) - 0,51.

Да би се реализовав поставл>ени цил> истраживака дилатометри)ске епрувете (0

3,4 х 50 тт) испитиваног челика су пре загреван>а до 815° и хла1)ен>а до собне темпера

туре закалине са 820° на ваздуху и загреване до различитих температура у подруч)у 503 — 822°

и охла!)ене до собне температуре. У свим случа)евима брзина загрева&а дилатометри)ских

епрувета износила )е око 5°/гшп, а брзина хла1)ен>а одговарала )е брзини хла1)ен>а пеЬи ди

латометра.

За сниман>е диференци)'алних дилатометри)ских кривих коришКен )е Спеуепаго'-оп

дилатометар са главой нормалне осетл»ивости, при чему )е коефици)ент повеЬан>а темпера-

турне осе износио 150, а коефищцент повеЬан>а дужинских промена 300.
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ПОСТИГНУТИ РЕЗУЛТАТИ И НэИХОВА ДИСКУСЩА

Подаци доби)сни анализом диференци^алних дилатометрИ)ских кривюс

регистрованих при загреваау дилатометри^ских епрувета до 815° и хла1)ен>у

до собне температуре, а ко)и су приказами на слици 1, указу)у на сличност

у понашаньу испитиваног челика после претходног третиранл у одре1)еним

температурним подруч)има ко^а одговара)у карактеристичним фазним про-

менама до ко)ИХ долази при загреван>у. Наша претходна испитиван>аьз по

казала су, найме, да се при континуираном загреван>у коришЬеног челика

карактеристичне фазне промене )"авл>а)у у следеКим температурним подруч)има :

508 — 583, 583—647 и 647 —780°. Према литературним подацима у првоте

температурном подруч)у одиграва се процес старен>а у мартензиту, при чему

долази до издва)анза финог талога интерметалних фаза; у другом темпера

турном подруч)у )авл>а се феромагнетна у — фаза богата никлом и а — фаза

са смааеним садржа)см никла; у треЬем температурном подруч)у долази до

смааиваньа садржа)а никла у аустениту (уз одговара)уНе повеЬан>е садржа)а

кобалта), што има за последицу губитак феромагнетних сво)става и сман>и-

ван>е аегове стабилности услед чета се он при хла!)ен.у све потпуни^е транс-

формише у мартензит7,8.

Са слике 1 се залажа да се после претходног третиран>а у температурном

подруч)у 503 — 590°, ко)е одговара протицаньу процеса старен>а у мартензиту,

промена дужине дилатометри)ских епрувета у току загреван>а до 815° (Д/*)

сман.у]е са порастом температуре третиршьа као последица све потпуни)ег

претходног стареньа мартензита. Са друге стране, како при хла1)ен>у са темпера

туре 815° аустенитно-мартензитна трансформаци)а за све температуре прет

ходног третираьа ко)е припада)у посматраном температурном подруч)у за-

почшье на практично исто) Мй температури и одиграва се уз иста дилатс—

метри)ски ефекат (Д/м), може се закгьучити да се у наведеном случа)у ради

о исто) стабилности аустенита. Из овога разлога се и сман>иван»е укупних

дужинских промена (контракщф) у току загреванэа и хла1)ен>а (Д/и) може

да припише искл>учиво све потпуни)ем претходном старен>у мартензита.

Аустенитизаци )'у , после претходног третираньа дилатометри)ских епру

вета испитиваног челика у температурном подруч)у 615->645°, у коме се са

порастом температуре )авл>а све интензивтф а->-у трансформаци)а, карак-

терише :

— све маньи почетни нагиб дилатометри)ских кривих загреваньа као

последица све веЬе количине аустенита у полазно) структури и тиме

условл>ене промене коефицщ'ента дилатаци)е и

— све маньа контракщф везана за наста)ан>е аустенита обзиром да се

са порастом температуре претходног третиран>а повеКава н>егова коли-

чина у полазно) структури.

Као последица ових чинъеница видно се сман>у)е промена дужине дила-

метри]ских епрувета при загревавьу, Д/7,.

Како температура претходног третнран>а у подруч)у 615—645° не по

казу)^ утица] на положа) Мв-тачке и дилатометри)ски ефекат аустенитно-мар-

тензитне трансформаци)е при хла^еньу, то значи да и у овом случа^у стабил-

ност аустенита насталог на 815° не зависи од полазне структуре. При томе

треба истаЬи да положа) Мв-тачке и одговара)уЬи дилатометри)ски ефекат

мртензитне трансформаци)'е оста)у на нивоу вредности постигнутих при прет
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xoflHOM ipeTHpaiby y norrpyqjy 503 — 590°. Y3HMajyhH obo y o63Hp, Kao h CBe

mme ajokhhckc npoiweHe npw 3arpeBaH>y, Mo>Ke ce KOHCTaTOBara aa yKyrrae

Ay>KHHa<e npoMJHe npn 3arpeBaH>y h xjiarjeity ^HJiaTOMeTpHjcKHx enpyBeTa, A/u,

Hjtajy no3HTHBaH npen;3HaK h pacry ca TeMnepaTypoM nperxoflHor Tperapaiba.

 

-21 I I , ,
"^10 600 700 8013 SC

CnRKa 1 Figure

UmiaToiweTpHjcKH e<J)eKTii perHcrpoBaHH npH 3aipeuait,y maraging qejimxa

Fe-Ni-Co-Mo-Ti rana ao 815° h xnafje&y ao co6He TCMnepaType y 3aBncHocni

on TeMnepaType npeTxoniior TpeTiiparta.

Af« — TeMnepaTypa no»ien<a aycrreHHTHO-MapTeH3HTHe TpaHctpopMaimje, A/M —

HHJiaTOMCTpujcKH etpeKaT aycTeHHTHO-MapTeH3HTHe TpaHccpopMarwje, A/z — npo

MCHa ay>«HHe flHJraTOMeTpujcKHX enpyBeTa y Tony 3arpeBaH>a, A/, — yKynHe

flyH<HHCKe npoMCHe y TOKy 3arpeBaH>a h x.nar}eH>a

Dilatometric effects recorded during heating of maraging steel of the Fe-Ni-

-Mo-Co-Ti type up to 815°C and cooling to room temperature in dependence

on the temperature of previous treatment.

Aft — The temperature of start of austenite-martensite transformation, A/m —

Dilatometric effect of austenite-martensite transformation, A/* — The length change

of the dilatometric specimens during heating, A/u — The total length change during

heating and cooling

y cnyyajy na^a TeMnepaTypa npeTXo^Hor Tperapaifca oflroBapa no/rpytijy

HacTajaH>a aycTeHHTa ca iwaibHM caapwajeM HHKJia (647— 780°), KojH je cxo/tho

TO«e h MaH>e cra6HJiaH, Tpe6a rrpaBHTO paanHKy y noHaiuaiby fliuiaTOMeTpHjcKHX

enpyBeTa npeTxoAHo 3arpeBaHHX Ha 680° n ohhx Koje cy 3arpeBaHe p,o bhiiihx

TeMnepaTypa OBor no/rpyqja, Tj. 700, 725 h 750°. Obo H3 paajiora iiito Beh npn

x.ial)eH>y flHJiaTOMeTpnjcKHx enpyBeTa ca bhihhx TeMnepaTypa osor noflpytija flo-

jia3H ao aycTeHHTH0-MapTeH3HTHe TpaHcdpopMauHje, uito HHje cjryyaj ca enpy-

BeTasia HcnHTHBaHor lejimo Koje cy 3arpeBaHe Ha 680°. Ee3 o63npa uito TeMnepa

Typa 680° npHna.ua no^py«ijy o6pa30BaHia Maite craGHJmor aycreHHTa, noHamaH>e

AHJiaTOMeTpHjcKHX enpyBeTa npn 3arpeBaH>y flo 8 1 5° h xJiar)eH>y flo co6He TeMnepa

Type oieflH noHauiaH>e npeTXOflHO pa3MaTpaHe rpyne (Ms-Ta*n<a h A/m ocrajy
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непромењени, Д/и даље расте, а Д/г се смањује). Ово значи да се због рела-

тивно малог ирекорачења горње граничне телшературе другог трансфорлш-

ционог подручја од 647° процес прерасподеле атома никла (и кобалта) није

могао да обави у обиму потребном да се у довољном степену смањи стабил-

ност присутног аустенита. Наша претходна испитивања су показала, међу-

тим, да се при преласку на више температуре третирања мора почев од 700°

рачунати са интензивнијом прерасподелом атома никла (и кобалта) између

присутних фаза, тако да са порастом температуре расте удео новообразованог

мартензита у полезној структури. При томе је утврђено да се температура

започињања мартензитне трансформације помера са 98° после загревања до

700° на 270° после загревања до 750° 3. Ово има за последит/ повећавање

нагиба почетног дела дилатометријске криве регистроване при поновном за-

гревању и дилатометријског ефекта старења и поновне <х->-у трансформације.

То је и разлог што се почев од температуре претходног третирања 700° ис-

пољава обрнута тенденција у промени дужине дилатометријских епрувета

при загреваньу до 815°С. Тако, док је дужинска промена при загревању

после претходног третирања на 680° износила 1,82 • 10-8 шш, то после прет

ходног третирања на 700°, односно на 750° износи 2,32, односно 3,85 • Ю-3 тт.

Што се тиче аустенитно-мартензитне трансформације која се одиграва

при хлађењу са 815° уочава се да се њен дилатометријски ефекат не мен>а

у зависности од температуре третирања у подручју 700— 750°, док М8-тачка

постепено расте. Сходно већ реченом, са порастом температуре претходног

третирања треба рачунати са присуством феритних подручја у полазној струк

тури која су све сиромашнија никлом и која се при поновном загревању транс-

формишу у све сиромашнију никлом у — фазу; ова се с тога у току хлађења

почюье да трансформише у мартензит на све вишој температури. Непро-

мењен дилатометријски ефекат аустенитно-мартензитне трансформације, међу-

тим, говори о постојању фактора са супротним дејством који у целини гледано

отежавају протицање ове трансформације. Због мале брзине загревања дидато-

метријских епрувета при проласку кроз (а+у) — подручје долази, найме,

до појачане диференцијације у саставу присутних фаза, тако да се са порастом

температуре претходног третнрања у посматраном опсегу од 700— 750° јављају

подручја све више легираног аустенита који је стабилан према мартензитној

трансформацији4. Наравно да загревање овако третираних епрувета до темпе

ратуре аустенитизације (815°) доводи до даљс стабилизације аустенита.

Ово је уједно и разлог што се у односу на ниже температуре претходног

третирања (615—680°) смањује дилатометријски ефекат аустенитно-мартен

зитне трансформације која се одиграва при хлађењу са температуре аустени-

тизације.

Обзиром на константаост дилатометријског ефекта аустенитномартен-

зитне трансформације, укупне дужинске промене које прате процес каљења

тагяфа% челика после претходног третирања у температурном подручју

700— 750° у потпуности зависе од дужинских промена у току загревања, те

се смањују са порастом температуре претходног третирања.

У случају када температура претходног третирања одговара у-подручју

(792 и 822°), понашање испитиваног челика током аустенитизације на 815°

и хлађења до собне температуре одговара понашању претходно посматране

групе. Тако се дужинске промене при загревању повећавају, укупне дужинске

промене се повећавају у смислу контракције, а дилатометријски ефекат аус-

тенитно-мартенизтне трансформације се задржава на истом нивоу но који
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]е нижи у односу на температуре претходног третирааа од 700—750°; Мв-тачка

при тоне дал>е расте када )е реч о тедтератури претходног третиран>а од 792°,

а затим благо опада, што значи да при аустенитизаци)И испитиваног челика

на 815° после претходног загреван>а до температура виших од 792° треба

рачунати и са процесом хомогенизаци)е аустенита.

Ако се ме^усобно упореде дилатометри)ске криве регисгроване при

претходном третиран>у на 822° и поновном третиран»у до приближно исте

температуре (815°), слика 2, уочава се да, захвал>у)уЬи мало) брзини загре-

вавьа, т). релативно дутом задржаваау епрувета у (а+у)-подруЧ)у, при по-

новл>еном третирашу долази до све изражешф разлике у саставу по^единих

подруч)"а аустенита тако да М8-тачка расте од 251 на 305°, а дилатометри^ски

ефекат аустенитно-мартензитне трансформаци)е опада са 5,60 на 5,06* Ю-3

пип5. Сман>иван>е Д/м говори о непотпуни)ем протицан»у аустенитно-мартен

зитне трансформаци)е, Т). о веЬо)- количини заосталог аустенита у другом

случа^у.

 

Слика 2 Рдейте

Диферетодалне дилатометри^ске криве загреван>а шагавши челика Ре-Ы1-Мо-

-Со-Т1 типа и хла1)ен>а до собне температуре, а) загреван>е до 822°, Ь) после

хла1)ен>а са 822°, поновно загреванье до 815°

ТЯНетепйаЛ сШаЮтетс сигуев оГ 1Ье Ьсаип^ оГ тагаеиде «1ее1 о{ 1Ье Ре-№-Мо-

-С0-Т1 1уре апй сооНгде Ю гоот гетрегашге. а) Ьеагиде ир Ю 822°С, Ь) аЛег

сооШде Ггот 822°С, гепеа^где ир (о 815°С.

Постигнути резултати показуху да се биттце промене у одиграваау

аустенитно-мартензитне трансформащф при хла1)ен>у испитиваног челика са

815° )авл>а)у само после претходног третиран>а дилатометри)ских епрувета

до температура ко)е прелазе 680°. Да би се потпушф сагледао утица) вре

мена боравка дилатометри|ских епрувета у температурном опсегу ко)и одго-

вара (а + у) — фазном подруч)у на процес аустенитизаци^е, односно аусте-

нитно-мартензитну трансформаци)у, изведен )е додатни експеримент кощ се

састо)ао у претходном вишеструком загреван>у дилатометри)ских епрувета до
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725 3 h xnal)eH>y no co6ne TeMnepaType. FIpH TOMe je yrBprjeHO aa ce nocjie ayc-

TeHHTH3aimje Ha 792° enpyBCTa, Koje cy nperxoaHO rrpouijie Kpo3 7 umcnyca

3arpeBaH>a h xjiar)eH>a y onccry n:tMchy 25 h 725°, Afg-TauKa noBehaBa (370°),

a A/m CMaityje (4,32 . 10~8 mm) y oflHocy Ha bpchhocth Koje ce aooHjajy npH

AHpeKTHOM 3arpeBaH>y Ha 792° h xjiarjeity no cofjHe TeinnepaType (Mg = 292°,

A/m — 5,28 • 10~s mm). Obo je nocieflHua bcikkc paajiHKe y cacraBy a- h y-<J>a3e

Ha TeMnepaTypH iiperxoflHor TpenipaH^ h TH.vte ycnoBJbeHor CBe Beher o6ora-

hHBaH>a •1-(Pa3e hhkjiom npn csanoM noHOBJbcHOM 3arpeBaH>y. Ha Taj Ha*otH

ce y npoqecy aycreHHTH3auHje Ha 792° hhk.iom oCoraheHH aycreHHT ycneBa caiao

aejniMHMHo aa aecraCHJiHuie — cnyaa cMaH>eu>e A/M, a npHcyma a-cj)a3a ca Beojma

hhckhm caapnojeM HHKJia npe.ia3H y npaKTHMno jeaHano jierupaHH aycreHHT

wnja MapteH3HTHa TpaHecpopjtauHja crora 3anoqHH>e Ha BHiuoj TeMnepaTypH9.

3AKJty^AK

H3 pe3y.iTaTa aooHjeimx aHajnooM annaTOMeTpHjcKHX kphbhx iwo>Ke ce

3aKJby«mTH aa nona3Ha crpyKTypa noKa3yje H3pa>KeH yrauaj Ha ay>KHHCKe npo-

MeHe perHcrpoBaHe npn 3arpeBaH>y HcmrrHBaHor maraging Mejurna ao Teiwnepa-

Type KaibeH>a h yKymre ajokhhckc npoiweHe perHcrpoBaHe nocjie H>eroBor xjia-

f)eH>a no co6He TeMnepaType. IIIto ce mnt aycreHHTH0-MapTeH3HTHe TpaHccpop-

Mamije 3ana»ca ce aa yrHuaj npe-rxoanor TpeTHpaata ao.ia3H no H3pawaja cawo

nocne npeTXOflHor 3arpeBaH>a no TeiwnepaTypa Koje npejia3e 68Q°. Pa3Jior ob8kbom

noHaiiiaH>y Tpe6a Tpa>KHTH y npHJ«eH>eHoj Majioj 6p3HHH 3arpeBaH>a Koja Beh

npn nperxoflHOM 3arpeBaH>y no bhuihx TeMnepaTypa (a + y) — noapy^ja yaioB-

jBaBa H3pan<eHy HexoMoreHocr xeMHjcKor cacraBa npHcyraHX (pa3a Koja ce y

npoqecy aycreHHTH3auHje aoaarao noBehaBa. IlpaicnrnHO meaaHO, aooHjeHH pe-

3yjrraTH noKa3yjy aa noHauiaH>e HcmrniBaHor maraging uejun<a y npouecy Ka-

jteH>a 6htho 3aBHCH on H>eroBe nperxoaHe ofjpaae, noce6HO ano je OBa 6HJia

noBe3aHa ca ajwhm 6opaBKOM qejiHKa Ha bhuihm TeMnepaTypaiwa (a -+- y) -

noapy^ja.

SUMMARY

INFLUENCE OF THE INITIAL STRUCTURE ON THE DILATOMETRIC BEHAVIOUR

OF MARAGING STEEL OF THE Fe-Ni-Co-Mo-Ti TYPE DURING QUENCHING

NADA P. VIDOJEVIC, NADA M. NOVOVlC—SIMOVlC ind BILJANA M. ANDELlC

Faculty of Technology and Metallurgy, University of Belgrade, P. O. Box 494,

YU- 11001 Belgrade, Yugoslavia

In order to investigate the influence of the initial structure of maraging steel of the

Fe-Ni-Co-Mo-Ti type on the phase changes that occur during the heating up to the quenching

temperature (815°C) and cooling down to room temperature, dilatometric specimens were previ

ously heated to different temperatures in the range from 530° to 815°C and cooled in the dilato

metric furnace down to room temperature. The analysis of the differential dilatometric curves,

obtained during the heating of the. previously treated specimens up to 815°C, and cooling down

to room temperature, shows that the initial structure has an essential influence on the austenitiza-

tion process of the investigated steel and its behaviour during the cooling process. Observed
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differences in dilatometric effects were discussed in relation to the phases present in the invesit-

gated steel in the initial condition and to the austenite condition at the quenching temperature.

Additional investigations, which consisted of previous multiple heating of dilatometric specimens

up to the determined temperature, confirmed the observations in connection with the great in

fluence of the initial structure on the austenitization process of the investigated maraging steel

and its martensitic transformation during the cooling process.

(Received 3 November 1982)
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

ВШХЕТШ 1>Е ЦЧ 50С1ЁТЁ СИШК^ЦЕ ВЕООКАБ

48 (3) 79—105 (1983)

СтВ-886 ЦОС 54.091/861/

Опрпа! 5аеп11?гс рарет

УТЕМЕ.ЪИВАЧИ ХЕМЩЕ У СРБЩИ, МИХАИЛО РАШКОВИЪ, СИМА

ЛОЗАНИЪ И МАРКО ЛЕКО. ПРИЛОГИСТОРЩИ ПРИРОДНЫХНАУКА

У СРБЩИ

СНЕЖАНА БС^ОВИЪ

Виша Педагогика школа, Душанова 13, 11000 Београд

(Примл>ено 15. }уна 1982)

У овом раду бавимо се разведем хеми)е у Србн)и у XIX веку, пратеЬи

живот и рад личности ко)е су надвише допринеле и поставиле основе да-

нацпье хеми)е. Пионирски рад Михаила РашковиЬа, Симе ЛозаниКа и Марка

Лека тра;ао (С 75 година и може се реКи да се кроз н>ихов рад и разво) развивала

хеми)а у нас. Користили смо изворну архивску гра^у.1 Предност смо дали

подацима о кощма )е до сада мало писано, док смо многе познате чшьенице

изоставили. Зато )е делу Симе ЛозаниКа, упркос н>еговом знача)у, дато

ман>е простора, )ер )е о н>ему до сада на)више писано. Да би се )асни)е сагледао

разво; хеми)е у Срби;и у XIX веку, поред тога што смо приказали животни

пут, рад и интересовала поменутих хемичара и допринос ко)и )е сваки од

н>их дао настави хеми;е и хешци уопште, оеврнули смо се укратко и на прилике

у Србизи тог времена и знача)ни;е просветне реформе.

Деветнаести век )е вероватно )едан од на^бурнищх и на)значащи)их у исто

рии Срби^е. ВеК 1808. године, с првим ослобо!)еним територи)ама, основана )е,

под Караг)орг)ем, Велика школа у Београду. Мада ]"е затворена веН 1813. године, .

сломом устанка, само посто)ан>е овакве школе сведочи о знача)у просвете

у оно време када и ни)е било писмених л>уди у Срби)и. До 1830. године ни)е

се много мислило на школе. Кнез Милош )е све снаге улагао у поступно до-

би)ан>е аутономи)е и ослоба1)ан>е од турског утица)а. Хатишерифом из 1830.

године Срби)а )е добила аутономан положа), а ме!)у многим повластицама

ко)е )е тиме стекла било )е и право подизаша школа. Сретен>ским уставом из

1835. године створена )е унутраппьа управа у земл>и и регулисани су просветни

и културни односи. Разво ) државнё управе захтевао ]е писмене л>уде ко)ИХ

у Срби)И ни)е било. Зато }е велика пажньа почела да се посвеКу)е просвети

и култури. Отваране су школе, а млади су слати у иностранство на школо-

ва!ье. Године 1838. отворен )е Лице) у Крагу)евцу ко)И )е имао два одел>ен>а:

филозофско и правно.2 На филозофском одел>ен>у први пут )е предавала

физика (1839) а у оквиру н>е и нешто хеми)е. Године 1853. Лице) )е преуре-

г)ен у школу са три одел>ен>а: филозофско, правно и природно-техничко. На

природно-техничком одел>ен>у почела )е да се предаде хеми^а као посебан

предмет. После десет година Лице) )е прерастао у Велику школу са три са-

мостална факултета: Филозофским, Правним и Техничким. Природне науке,

ме!)у н>има и хеми)а, предаване су на Техничном факултету, али су их слу

шали и 1)аци других факултета. Наредном реформой (1873) природне науке

су пренесене на Филозофски факултет, ко)и )е подельен на два одсека: при

79
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родно-математички и историјско-филозофски. Крајем седамдесетих година

Србија је добила независност и почела нагло и неспугано да се развија у свим

областима3. Ове промене биле су праћене честим реформама на Великој школи.

Сврха ових реформи била је да се настави да стручнији карактер и да је по-

дигне на виши ниво. Реформой из 1886. године Филозофски факултет по

делен је на одсеке (лингвистичко-;штерарни, историјско-географски, мате-

матичко-физички и јестаственичко-хемијски). Године 1900. предмета су по-

дељени по групама и већ се могло говорити о правом студирању на Великој

школи. Најзад, 1905. године Велика школа је прерасла у Универзитет.

Нагле историјске и друштвено-економске промене које су се збиле

током једног века условиле су и специфичен културно-просветни развој.

Од мале турске покрајине с почетна XIX века, са неколико основних школа,

Србија јс дочекала почетак XX века као млада независна држава која има

свој Универзитет и велик број других општеобразовних и стручних школа

у којима настава није много заостајала за наставом у великим европским

центрима.

НАСТАВА ХЕМИЈЕ НА ЛИЦЕЈУ ОД 1839. ДО 1853. ГОДИНЕ

Развој наставе хемије везан је за Лицеј и Велику школу. Хемија је пре-

давана на Лицеју од самог почетна, али, као и на многим тадашњим великим

школама у свету, у оквиру физике. Први професори физике на Лицеју били

су: Константин Бранковић4 (првих неколико месеци 1839. године), Антоније

Арнот5 (1839-1841), Ђорђе Мушицки« (1841-1834), Јанко Шафарик7 (1843 -

-1849) и Вук Маринковић« (1849-1853).

Да је хемија, наравно у малом обиму предавана већ првих година, може

се закључити из сачуваних докумената. У списковима набавки за предавања

из физике помшьу се већ првих година и оне из хемије. У првом таквом

списку из 1839. године има и нешто хемикалија9, а у једном списку из 1841.

године наведена је хемијска пећ, кондензатор и стаклено посуђе10. Ове прве

потражње нису реализоване, бар не оне које се односе на хемију.

Доласком Јанка Шафарика за професора физике 1843. године почело је

да се води више рачуна о предавањима из хемије. По повратку с пута по

Бечу и Прагу 1844. године, куда је ишао ради набавке „опреме" за своја

предавања, Шафарик је известно министра просвете да је за његова преда-

вања најнеопходније набавити збирку хемијских елемената од око педесетак

узорака, комплет справа и реагенаса за „анализу на сувом путу и анализу

на мокром путу", апарат за хватање гасова и нешто хемикалија11. Ово је

уједно и прва опрема будућег хемијског кабинета.

Од 1849. до 1853. године физику је предавав Вук Маринковић. Према

програму својих предавања12 штампао је 1851 . године уџбеник Начела физике,

„за своје ученике и за самоуке"13. У овом уџбенику две су главе биле посве-

ћене хемији, а обухватале су: хемијска једињења, смесе, легуре, хемијске

еквиваленте, елементе, киселине, базе, соли, метале, неметале, органске кисе-

лине и базе. Мада површно, Маринковић је у свом упбенику поменуо доста

појмова из хемије и на тај начин почео да ствара хемијску терминологију.
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НАСТАВА ХЕМЩЕ НА ЛИЦДУ И ВЕЛИК01 ШКОЛИ ОД 1853. ДО 1872. ГОДИНЕ

Михаиле РашковиН (1827—1872)

Са разведем привредног и политичког живота у Срби^и разви)'ана )е

и привреда. Педесетих година почеле су да се отвара^у различите школе,

извршена )е реорганизащф у настави, у зедцьу су се век враЬали млади на-

рашта)И школовани у иностранству. У таквим условима )авили су се захтеви

за стручни)им образованием, ко)к су 1853. године довели до целокупне ре-

организаци]е среднъих школа и Лице)'а. Према новом „Устро)ству квьажеско-

-ербског Лице)а", ко)е ]е Александар Каргфор^евиЬ потписао септембра 1853.

године, Лице) )е поред правног и филозофског одел^енъа добио и одел>ен>е

за природне науке „)естествено-техническо одел>ен>е". На овом одел>еау

предавани су многи нови предмети, ме!)у копима и хеюф и хеми)ска техно-

логика. На новоосновану катедру хеми^е и хеми)ске технологов на природно-

-техничком одел>ен»у дошао )е у )есен 1853. године 26-годинпьи Михаило

РашковиЬ14.

О Михаилу РашковиЬу има мало података. Ро1)ен )с у Тителу Ша)кашког

Батальона, 1827. године. Основну школу ]'е завршио у Панчеву, а гимнази)у

у Великом Вараду15. Уз молбу за при]"ем на Лице) приложив )е четири сведо-

чанства: о филозофским наукама у Пешти (природно-математички одсек),

о студи)ама на Политехничком институту у Прагу, на Рударско) академии

у Кемницу и Рударско) академии у Пшибраму16. РашковиЬ )е пре доласка

на Лице) — „практиковав по струци рударско) и металуршко) у Фарденбергу

Пшибраму и Фра)бергу"15.

Одмах по прихватаау дужности РашковиЬ )е почео да држи предавала

из хеми)е и хеми)ске технолопф. То су била прва стручна предавала из

хеми)е у нас. Има^уЬи у виду да хеми)а у то време ня)е предавана ни у )едно)

школи у Срби)и17 (ондаппьи слушаоци нису имали никаквог предзнан>а из

хемще, а ни из осталих природних наука) РашковиЬ )е морао за два семестра,

колико су тра)ала предаван>а из хеми)е, да упозна 1»аке са основама )едне

науке за ко)у они пре тога нису ни чули. СудеЬи по садржа)има вьегових

програма може се с правом заюьучити да су она била прилаго1)ена могуЬ-

ностима слушалаца. Ради илустраци)е приказаЬемо програм из 1861. године18,

(в.слику 1 иприлогна кра)у чланка) ко)е )е, с )едне стране, занимльив зато

)ер )е то први засебан програм из хеми)е а, с друге стране, )ер показу|е огромну

разлику од некадаппьег МаринковиЬевог програма у коме се само помин>ало

неколико хеми)ских по)Мова. Из приложеног програма види се да су пре

давала из хеми)е била опширна и да су обухватала и општу, и неорганску,

и аналитичку, и, донекле, органску хеми)у. Како )е било уобича)ено за оно

доба, нагласак )е био на неорганско) хеми)'и. Посто^ала )е и нека врста практич-

ног ученичког рада. При пут се помшье практичен рад у )'едном акту из 1855.

године, у коме РашковиЬ предлаже ректору „да се сума на хемични материал

определи да не би се материал за опите, радгьу ученика и збирку хемичну,

из апотеке набавльати морао"19. На ислиту, поред теори|ских питаньа, 1)аци

су имали и питан>а из „посебне и практичне хеми)е анорганске"20. Сам Раш

ковиЬ )е за време сво)их предаван>а изводио огледе.

Како се концепци)а рада Лице)а из 1853. године врло брзо показала

неприкладном за припреманье довольно стручног кадра за потребе новог

доба, то се веЬ првих година мислило о ново) организацией школе. У наредним
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Сл. 1 Део „Програма хе.чије" Михаила Рашховића из 1861. године. Пун текст је дат

на стр. 95-96

годинама стварани су пројекти за нову школу. У новим пројектима хемија је

изостављена из програма и предлагало је да се предаје само у гимназији21.

Године 1861. и 1862. Рашковић је уз хемију предавао и физику на Лицеју22.

Лицејски Савет је чак планирао да га постави за сталног професора физике

у случају да „ступи на снагу ново устројење Лицеја по коме би хемија и хемијска

технологија испале из предавања лицејских"23. Ипак, пред само усвајање

новог закона, хемија је задржана на Велико) школи, а почела је да се предаје

и у гимназији у саставу физике. Нови закон који је ступио на снагу у јесен

1863. године представљао је прекретницу у високом школству Србије, а

хемија је добила стално место у програму Велике школе. Велика школа је

добила три факултета: Филозофски, Технички и Правни. Природне науке

су предаване на Техничном факултету, али су и ђаци других факултета били

обавезни да слушају неке од њих24. Михаило Рашковић је, са још десет

професора Лицеја постављен за професора Велике школе књажевим указом

од 26. септембра 1863. године25. По новом плану предавао је хемију и хемијску

технологију на Техничном факултету по пет часова недељно.

Нови программ, нарочито програми природних наука, били су струч-

нији и обимнији. По новом закону и у средњим школама почело је предавање

природних наука26, то је омогућавало виши ниво наставе на Велико) школи.

РашковиЬев програм из хемије-7 на Велико) школи био је обимнији и све-

обухватнији него што је био на Лицеју. Због његове опширности (седам

страна) нећемо га наводити у целини већ ћемо рећи у чему се разликује од
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претходног (ко)и ]'е дат у прилогу). Распоред саме материке )е стручни)'и и

прецизнищ. Од новог градива унето )е: проста и сложена тела, закон умно-

жених пропорщф, диморфна тела, правила номенклатуре, подела тела на

метале и металоиде. Поред ових посебних парти)а унео )е веЬи бро; нових

елемената, киселина и других )един>ен,а. На)зад, у сво)а предаваиьа РашковиЬ

)е унео и атомску теори)у.

РашковиЬ )е првих година по доласку на Лице) сараг)ивао са Тосипом

ПанчиЬем. За^едно су основали и опремили кабинете природних наука и

лаборатори)у. На н»ихову инициативу буцет одре^ен за кабинете био ]е уве-

Кан. Исте године по ступан>у на Лице) РашковиЬу )е одобрена извесна свота

новца за опрему кабинета28, а 1856. године путовао )е у Беч ради набавке

апарата за сво)у лаборатори)у29. Након приспеЬа апарата у Лице)у )е осло-

бо!)ена )една соба за н>ихов смешта), а истовремено )е и )едан простор у под-

руму одре^ен за чуван>е хеми^ских реагенаса30 (Лице) )е био смештен у мало)

згради.близу Саборне цркве и свака соба била )е такореЬи права драгоце-

ност, могла се добита само уз одобрение министра). Лаборатори)а<а опрема

била )е врло скупа и набавлена )е у иностранству. Годинама )е РашковиЬ

имао проблема са Главном контролем (ко)0) су сваке године подношени ра-

чуни) око признаница за хеми)ске апарате ко)И нису стизали на време31. Ипак

)е успео да за сразмерно кратко време оспособи лаборатори)у за рад и вршен>е

разноврсних анализа. Поред радова везаних за наставу он )е у лабораторией

вршио и анализе руда, минерала, вода, лажног новца и многе друге.

РашковиЬ се ни)е бавио науком али )е зато много урадио у другим, за

оно време не ман,е важним областима. Пре РашковиЬа хеми)а, ни као наставни

предмет ни као применена, ни)е ни посто)ала у Србищ. РашковиЬ )е почео

да држи прва предавала из хеми)'е ко^а су, судеЬи према програму, за оно

време и оне услове била врло квалитетна. Основао )е хеми)ски кабинет и

хеми)ску лаборатори)у (прву у землл) у ко)има су вршени сви хеми)ски

послови ко)е )е требало урадити у Срби)И. Н>еговом заслугой почела )е да

се развита применена хеми)а.

Ваннасшавна акшивносш

РашковиЬ )е први почео да уводи стручну терминологи^у у хеми)ски

}език. Сачувано )е неколико н>егових рецензи)а из ко)их се види да се зна

нием из хеми)е и употребом терминологи)е издва)ао од ондаппьих хемичара.

Тако )е, на пример, читаву свешчицу испунио исправкама рукописа Хемща

за ниже гимназще, айошекарске Практиканте и самоуке Андри)е КниЬанина,

професора хеми)е у Реалци, ко)и )е добио на оцену 1871. године32. Мада )е

РашковиЬ написао негативну рецензи)у аутор )е ипак кн>игу штампао о свом

трошку и даровао )е свим школама у Србищ33. Исто тако )е 1867, године

добио на оцену рукопис Практично уйуКенще о хемично) анализы и ъихових

составных делова Стевана Пантели)Ьа34, професора хеми)е у Артил,ери)ско)

школи и члана Српског ученог друштва. Рецензи)у нисмо нашли, али из

преписке ко)а ]с сачувана види се да )е РашковиЬ исправно многе термине

и називе35. За Друштво србске словесности написао )е 1862. године реферат

о чланку Наука о составу и животу расшила у коме )е многим неодговара-

)уЬим или страним називима дао праве термине36. У пролеЬе 1872. године

добио )е на оцену од Школске комиси)е рукопис Анорганска хелнца Симе

ЛозаниЬа37, али рецензи)у тп'е написао.
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Рашковић је имао много обавеза ван Велике школе. Сваки летњи одмор

проводио је у стручном раду. Неколико година је преко лета одлазио у Мај-

данпек где је био „управитељ рударства"88. Године 1862. одређен је био за

„рударског комисара у округу подргаьском, ваљевском и рудничном"89; у

његовој бележници уписане су анализе руда и минерала из Подрињских

рудника које је вршио у периоду од 1863. до 1868. године40. Летн>ё месеце

1868. године провео је у Бечу као „владин комисар у бечкој ковници при

ковању српске бакарне монете", где је свакодневно испитнвао сировину од

које се правио новац41. Од 1853. године запослен је као „државни испитач

руда и фалични новаца" при Министарству финансија42. Члан је многих

стручних комисија: за испитивање апотекарских реагенаса и свега што је

у вези с апотекама43, за испитивање руда из рудника44, за прегледање пројекта

Рударског законика45, за прегледање опреме за Трговачку школу46, као

и за разне друге потребе Министерства финансија и Министерства војног47.

Године 1857. постао је члан Друштва српске словесности (од 1864.

Српско учено друштво). Две године, 1866. и 1867, био је председник одсека

за природне и математичке науке при Српском ученом друштву48. Био је

и члан Друштва за пољску привреду49, бирай је за члана Дисциплинарног

суда за 1867. годину50 и за члана Академијског суда за 1871. годину51. Од

1864. до 1867. године био је „обштинар Општине београдске"58.

Умро је изненада, после краће болести, 3. октобра 1872. године, у 46.

години живота53.

Смрћу Михаила Рашковића завршио се један период у историји раз-

воја хемије, период њеног утемељења у Србији и стварања солидног основа

за даљи развој.

НАСТАВА ХЕМИЈЕ НА ВЕЛИКОЈ ШКОЛИ ОД 1872. ДО 1894. ГОДИНЕ

Сима Лозанић (1847-1935)

После смрти Михаила Рашковића на упражњено место на катедри

хемије и хемијске технологије постављен је 7. новембра 1872. године 25-го-

ДИШЊИ Сима Лозанић54. Доласком Симе Лозанића отпочео је нови и бржи

развој хемије на Великој школи и у Србији уопште. За нови пут у развоју

хемије постојала су два главна разлога. Један је везан за саму личност Симе

Лозанића: школован на Западу, у великим универзитетским центрима и

модерним лабораторијама, где је био у току нових научних догађаја и достиг-

нућа, он је у себи сјединио и великог научника и радника и наставника. Друга

разлог, не мање важан, је што су у Србији промењене друштвено-политичке

прилике и створени услови за развој праве науке. Ослобођењем градова

(1867) и добијањем независности (1878), Србија је, као слободна земља,

почела нагло да се развија у свим областима живота. Просвета й наука имале

су свој узор у развијеној Европи, одакле су се увелико враћали већ научно

формирани млади људи спремни да Србију уведу у науку Западне Европе.

Последњих деценија XIX века стекло се доста хемичара школованих на

страни, од којих је неколицнна положила и докторат наука. Конкуренција

је била велика, много се радило, писало и критички размиштьало, активно

се радило у Српском ученом друштву, касније Српској краљевској академији

и у другим стручним друштвима. Све је то подстицало на жив и плодан



УТЕМЕЛ.ИВАЧИ ХЕМШЕ У СРБВДИ 85

научни рад. У таквим приликама започео )е Сима ЛозаниЬ, у )есен 1872.

године, сво)у наставну и научну карьеру ко)а ]с трахала преко 50 година

(1872—1924). У свом дугогодинпьем раду, ко]'и )е изузтено богат и разнолик,

на)веЬи допринос дао )е ЛозаниЬ теори)СКО) хеми)и, настави хе»И)е на Ве

лико) школи и средн>им школама, изради уцбеника и примешено) хеми)И.

Сима ЛозаниЬ )е ро!)ен у Београду, 24. фебруара 1847. године. Отац

му )е био фески начелник и често ^е са службой премештан из места у место,

па )е и Сима учио основну школу и гимнази)У у различитим местима у Срби^и

(Кладово, ПараЬин, Неготин, За)ечар, Крагу)евац и Београд). На правый

факултет Велике школе уписао се 1865. године и завршио га 1868. године55.

Хеми)у му )е на факултету предавао Михаило РашковиЬ. Даше школован>е

Симе ЛозаниЬа у иностранству заслужу)е посебну пажау. У ньеговим био-

графи)ама пише да )е студирао хеми)у у Цириху и Берлину59. Ме^утим он

сам )с тражио у )есен 1868. године да студира „државно-економске науке,

посебно пол>ску привреду"57. Како се у то време припремало отваран>е прве

учител>ске школе у Београду, био )е потребан стручан кадар и ЛозаниЬева

молба ни)е уважена, него )е он послат у Цирих да „изучава педагошке науке"58.

ВеЬ од прве године, због личног интересоваша, поред педагошких наука

ЛозаниЬ )е слушао и хеми)у и физику59. После Цириха отишао ]'е у Берлин

„да )ош бол>е усаврши педагошке науке" ; тамо )е )'ош интензивни)"е студирао

хеми)у60. У лето 1871. године, када )е требало да се врати и прихвати профе-

сорску службу у Учител.ско) школи, ЛозаниЬ )е инсистирао да остане годину

дана и заврши започете студи)'е из хеми]е. Због одличног успеха ко)и )'е по

казав у студираньу, продужена му )е државна стипенди)а на )Ош годину дана61.

Последаьу годину учен>а провео )е у Берлину, у Хофманово; лабораторией

(А. №. НоГтапл), где )е веЬ тада почео да об)авл>у)е радове62.

По повратку у Срби)у, )уна 1872. године, ЛозаниЬ се обратно министру

просвете с молбом о запослен>у у ко)0) каже: „. . . на)ради)е Ьу примити

такво место, где би могао продужити рад на теори)ско) хеми)И, а то поегози

)едино на Велико) школи"63. РашковиЬ )е умро 3. октобра, а веЬ 5. октобра

ректор Велике школе ]ост ПанчиЬ предложив )е министру да на упраж-

ьено место професора хеми)е постави Симу ЛозаниЬа64.

Настала на Велико] школи

Дошавши на Велику школу ЛозаниЬ )е за кратко време извршио битне

промене и у теори^ско) и у практично) настави. За разлику од РашковиЬа,

ко)И ни)е предавао органску хеми)у (осим помшьаша неколико органских

)едшьен>а), ЛозаниЬ )е у првом семестру предавао неорганску, а у другом

органску хеми)у, по шест часова недел>но65. План и програм н>егових пре

давала може се пратити по унбеницима ко)И су изишли од 1875. до 1894. год.

(прва издан>а). Свако ново издание свог уцбеника он )'е прера!)ивао и проши-

ривао „до обима сво)Их предавала", како сам каже66.

Ученици Филозофског факултета имали су обавезна вежбан>а у хеми)-

ско) лаборатории. ЛозаниЬ )е опремио лаборатори)у са 12 1)ачких места,

ко)а су увек била попуаена67. Лаборатории )е уступно и неке сво)е ствари

ко)е )е донео из Берлина68. Године 1875. у лаборатори)у и слушаоницу угра-

1)ене су капеле за одво^ен,е гасова89. Када )е Београд добио електричну стру)'у

и водовод, крадем века, уведене су и одговара)уЬе инсталащф у лаборатори)'у70.
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Како су предавања на Велико) школи бивала све опширнија,"Лозанић

је 1897. године предложио да се катедра за хемију подели на катедру за не-

органску и катедру за органску хемију. Професор неорганске хемије предавао

би још и хемијску технологију, а професор органске хемије „биолошку хемију" .

Он сам задржао би неорганску хемију. Предложио је и да се на Филозофском

факултету уведе одсек за физичке и хемијске науке71 (хемија је предавана

на јестаственичко-хемијском одсеку, а физика на природно-математичком од-

секу), али Савет Филозофског факултета није тада усвојио ни један од ових

предлога72.

Велик допринос и висок ниво настави хсмије дао је Сима Лозанић

својим уџбеницима. Ови уџбеници, које је писао према програмима својих

предавања, покривали су све области хемије које су биле заступљене на Ве

лико) школи. Први свој уџбсник, Анорганску хемију, написао је као државни

питомац и послао је из Берлина школској комисији на преглед. Школска

комисија је уручила уџбеник, као што смо рекли, Михаилу Рашковићу али

овај није написао рецензију. Зато је почетном 1875. године, сада већ као про

фесор Велике школе, Лозанић поново послао на оцену нешто проширен

уџбеник, овог пута намењен вишим школама: Велико) школи, Војној акаде

мии и Учитељској школи73. Уџбеник је штампан исте, 1873. године74. У

овом уцбенику необична је, са данашњег гледишта, подела елемената на групе.

У прву групу, или „једноатомне металојиде", уврстио је хлор, јод, флуор,

бром и водоник, у другу групу кисеоник и сумпор итд. У следећим издањима

(1880. и 1893.), као и у уцбеницима за средњу школу, поделу је вршио на

фамилије: водоникова фамилија, халогенска фамилија, кисеоникова фамилија

итд. У друго издање овог уцбеника унео је први пут и Мендел>ејевов периодни

систем елемената. Године 1872. превео је Упутства за квалитативну хемијску

анализу Вислиценуса75 (Ј. №1$Нсепи5). То није био обичан превод јер је уз

превођење требало сачинити и нову терминологију на српском језику; зато

је такав рад назван „посрбљаван»е" и тај је израз стајао и на самом уцбенику.

Ово дело наменио је „лаборантима наших школа, а нарочито за хем(ијску)

лаб(ораторију) вел(ике) школе". После позитшше оцене Школске комисије,

уџбеник је штампан 1875. године76. Године 1875. превео је, односно „носрбио",

за своје ученике Аналитичку класификацщу метала и њихове важније реакције

Хофмана (А. V?. НоГтапп)77. Друго издањс овс юьиге изишло је, уз допуне

Симиног сина др Миливоја Лозанића, 1948. године. Органска хемија изишла

је први пут 1875. године, а проширено друго издање 1883. године. За оба

ова издања необична је подела органских једињења „по карбонидима", односно

према броју утљеникових атома, а не по функционалним групама. Тако је

сва органска једињења сврстао у 30 група, а на челу сваке групе налазио се

одговарајући угљоводоник. У прву групу су спадали метан, метанол, метил-

халогенид итд, у другу групу етан, етанол, етил-халогенид и други. Тек

у свом средњошколском уцбенику који је изишао 1895. године, органска једи-

њења систематизовао је по хомологим низовима. Хемијску технологију је

написао у четири дела: I део 1887. (о води и гориву), II део 1887. (о стаклу,

керамици и кречу), III део 1892. (о основима металургије) и IV део 1894.

(о неорганским производима). Уцбеници Симе Лозанића су први универзи-

тетски уцбеници у нас. Они су годинама били незаменљиви и сви каснији

писци уцбеника или стручних и научних чланака позивали су се на његове

уџбенике. Кроз своје кньиге он је у хемију увео терминологију у којој је,

супротно мишљењу неких ондашњих хемичара, задржао грчки и латински
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корен. Оваква терминолопф постала )е основ нашег хеми)'ског ;езика и уз

неизбежне измене задржана )е до данас. Кра)ем XIX века многи хемичари

су писали уцбенике и приручнике, а рецензи)е )е на^чешЬе радио ЛозаниЬ.

Шал>уЬи рецензи)у )едног средн>ошколског уцбеника хелш)е министру просвете

он )е писао: „]а сам мишльеша да не треба србити научне термине. Научни

термини узети су веЬином из латинског или грчког )езика па како ни та два

класична )езика не треба да су непозната средньо) школи, то онда и теркино

логи)а, узета из та два )езика, неЬе бити ни утолико тежа ранима поменутих

школа, но посрбл>ени термини"78.

Године 1 890. ЛозаниЬ )е изабран за ректора Велике школе79. Али )ануара

1894. године напустио )е Велику школу и отишао на политичке нужности80

(министар привреде, министар иностраних дела, посланик у Лондону).. На

Велику школу вратно се накратко, по сопственом захтеву, 1896. године као

„министар на расположен^"81, али )е веЬ крадем 1897. године поново био

поставлен за министра народне привреде82. После прекида од скоро десет

година ЛозаниЬ )е поново почео да се бави наставом. При претвараау Велике

школе у Универзитет, 27. фебруара 1905. године, када су сви професори

Велике школе ставл^ени на располагайте па поново поставл>ени или бирани83,

Сима ЛозаниЬ и 1ован Жу)ОвиЬ поставл>ени су истог дана (27. фебруара)

министарским декретом за редовне професоре Универзитета. ЛозаниЬ )е исто-

времено поставлен и за председника привременог универзитетског одбора84

чи)и )е задатак био да изабере универзитетске наставнике, организу)е нове

катедре и наставу на н>има85. Марта 1905. године изабран )е за првог ректора

Универзитета86. Дошавши поново на катедру за хеми)У, ЛозаниЬ )е држао

предавала из неорганске и органске хеми)е и хеми)ске технологи)е све до

1922, односно 1924. године. Програм и план наставе поново )е организовао

на нов начин и за)едно са сво)им сином, др Миливо)ем ЛозаниЬем (изабран

за доцента за хеми^у 1908. године) извео )ош )едну модернизаци)у наставе87.

Према овом плану и програму вршени су практични радови из хемще, уз

ман>е измене, све до 1945 88 . године. После одласка Симе ЛозаниЬа у пензи)У,

целокупну наставу хеми)е преузео ]'е н>егов син др Миливо)е ЛозаниЬ.

Рад на унайре1)шан>у насшаве у средгьо] школи

Мало )'е познато да се Сима ЛозаниЬ много бавио наставом хеми)е у

средн>о) школи. Као стални министарски изасланик на годиппьим испитима

и испитима зрелости у среднлм школама, као члан комиси)е за израду настав-

них програма из хеми)е, допринео }е да последвьих година XIX века хеми)а

у средн>о) школи постане равноправна осталим природним наукама.

Физика )е предавана у гимнази)'и од 1853. године, а хеми]а од 1863.

године, али у оквиру физике, као „експериментална физика с основама хе-

ми^е и механике". Хеми^а ^е одво)ена од физике тек 1881. године. Од 1877.

године ЛозаниЬ )е био редован министарски изасланик на испитима зрелости

у гимнази)и89. ВеЬ у првом извешта)у с ових испита ставио )е многе примедбе

на наставу у средоьо) школи. Замерио )е што се веЬа важност да)е физици

но хеми)и „а обе ове науке у. овом погледу вал.а да су равноправие заступ-

л>ене, )ер су им и задаЬе равномерне". Предложно )е да се образу]у стручне

комиси)е ко)ё би направиле наставне планове и програме за средиьу школу80.

У следеЬем извешта)у из 1878. године дао )е нове предлоге: да се хеми)"а

уврсти у предмете испита зрелости, да се пребаци у више разреде, да се пре
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flaje y3 onHTe91. BehHHa obhx JIo3aHHheBHX npefljiora je 6nna ycBojeHa. Ka^a

je 1881. roflHHe, xeivuija noqena aa ce npegaje y rHMHa3HjH Kao saceSaH npe^MeT,

JIo3aHHh je nocraBJBeH 3a crajmor MHHHcrapcKor H3acnaHHKa Ha roflmrara

HcnHTHMa H3 xeauije92. ITpBe roAHHe npHcycTBOBao je HcnHTHMa y nratHa3HjH,

peaimn h ymTejBCKoj iukojih. Ilocjie 3aBpmeHHX Hcmrra rmcao je MHHHcrpy

fla je xeaoija „joiu Ha aocra hhckom crynifcy". JXa 6h ce HacraBa yHanpe/uuia

TpefJajio 6h #a ce nopea HeopraHCKe npeaaje h opraHCKa xewija, 3aTHM #a ce

H3pa^e fleTajbHH nporpaMH H3 xeamje h ffa ce npeina H>HMa Harmiue yu6eHHK.

IIIto ce eKcnepHMeHTanHe HacraBe raie „Aa ce 36npKe onpeiwe npenaparaAia,

anapanwa h MaTepHjanc-M, iuto je HyncHO 3a HacraBy jep ce noiwohy onHTa npouecH

xeMHjcKH owJieflHO npeAcraBJbajy a Ha npenaparaMa BHfle ce noje^HHH npoflyKTH

xeMHjcKH"93. HeKOJiHKO MeceuH KacHHje Snjia je oapefjeHa KOMHCHja 3a H3pa^y

HacraBHHX nporpania 3a rHMHa3Hje y Kojy cy yiiuiH Cmvta JIo3aHHh h up MapKO

JleKO94. npeiwa hobom HacraBHOM nporpaMy (npHBpeMeHH je flOHeT 1881, a crainni

1882.) ochobh xeioije cy npeaaBaHH y IV pa3pefly (3 ^aca) a opraHCKa xenuija

y V pa3peay (2 iaca)95. Y3 npeflaBaH>a cy MopajiH fla ce Bpuie eKcnepuMeimi.

Ha npefljior JIo3aHHha h Jlena, 1 897. ro^HHe H3pal)eHH cy hobh HacraBHH nporpaMH

H3 xesuije Kojn cy yHero y IUkojickh 3aKOH H3 1898. roomie98.

OcaM^eceTHX ro^HHa BehHHa rHMHa3Hja HMajia je xeMHjcKe KadHHCTe Kojn

cy 6hjih paanHMHTO CHa6aeBeHH. Kpajejw ocaMAeceTHX roflHHa nponHcaHa je off-

pe^eHa „36npKa 3a xeMHjy" Kojy cy catnntaBajiH anapani, nocylje HxeMHKajmje

h Kojy je Mopana /ja Hjwa CBaKa uiKOJia97. 3a BehHHy npeAMCTa y rH«Ha3HjH no-

crojajiH cy yu&HHUH. Jcahho ce xeiwHja flHKrapajia CBe flo 1895. ro^HHe; „/n*K-

TaHflo" je h3hocho 20—30 Ta6aKa98. Kpan<o Bpejwe KopniirheH je yu6eHHK AHApHje

KHHhaHHHa", a KacHHje je flHKrapaHO npeMa pa3JiH*iHTHM KH>HraMa, off Kojn

cy Hajtieuihe ynoTpe6ji>aBaHe cneflehe: Ocnoeu xeMuje PocKO-a (H. E. Roscoe),

Xejuuja 3a cpedne whom Mhtc IleTpoBHha, npeiwa IlpoxacKH (P. Prohazka) h

flpynuvia (1883) h yu6emmH Crate JIo3aHHha100. HeKH HacraBHHHH, nopea Haj-

qeiuhe KopHiiiheHHX noMenyTHx yu6eHHKa, kophcthjih cy h apyre (Benitz, Arendt,

Liebig)101. rcflHHe 1888. 6HJia je o6pa30BaHa KOMHcnja Koja je HMajia 3a ayHaiocr

#a nperjie^a h ohchh CBe yySeHHKe 3a cpeaite uiKOJie102. IIoMeTKoto 1895. resume

6hjih cy nponHcaHH yuSeHHini 3a noje^HHe npeaweTe, a 3a xeMHjy je pe^eHO ffa

Hejwa yuSeHHKa h aa ra Tpe6a HanHcara103. Kpajejt XIX BeKa y Cp6njH je Shjio

Aocra xeivuraapa iiiKOJiOBaHHx na 3anaay, off Kojnx cy HeKH imcajiH yuSeHHKe

h npHpy^HHKe h cjiajra hx Ha oueHy KowncHjH TjiaBHor npocBeTHor caBeTa. Pe-

HeH3eHTH cy Haj^eiuhe 6hjih Cniwa JIo3aHHh, MapKO Jleno, JoBan JIokhH, Eopn-

cjias ToflopoBHh. MHore yu6eHHKe KOMHcnja je Bpahajia ayropHMa Ha aopaay

wm hx noniyHO oa6Hjajia (XeMuja 3a cpedne uiKone AnnpHje KHHhaHHHa104,

1879. roAHHe, TaSAUife 3a Kea/iuiuauiueHy xeMujcxy aHOAiuy AHApnje KHHhaHHHa105,

1879. roflHHe, Xejmja BHTOMHpa MjiaaeHOBHha106, 1889. roAHHe, Ocmeu xejuuje

uo PocKoy BopHCJiaBa ToflopoBHha107, 1878. rOAHHe, Opeancxa xejtuja Jlpary-

THHa AHTHha108 1896. roaHHe). HeKH yH6eHHUH cy mwajiH cneunjajmy HaiweHy:

Xejuuja 3a uouipeSy eauipomuiHe uikom CieBaHa naHTejmha109, 1867. roflHHe

(»mjH je peueroeHT 6ho PaiHKOBHh), XeMuja 3a uo&peSy Buuie oiceHCKe turcojie

ffp MnjiaHa JoBaHOBHha110, 1865. roAHHe, <t>u3tiKa 3a ochoshum uojMoetiMa us

xeMuje 3a ipdfyoHCKe u deeojanxe uiKOAe JejieHKa MnxaiuiOBHha111, 1899. roAHHe,

XeMuja 3a eutue pa3pede ochoshux uiKOAa Pame MHjiouieBHha112, 1886. roAHHe,

XeMujcKa iuexHOJiomja 3a peaAKe Pauie MHJioiueBHha113, 1888. roflHHe. ToAHHe

1895. rjiaBHH npocBeTHH caBer je npHXBaTHo h npenopy^mo Kao yu6cHHK 3a

cpeAH>e uiKOJie Ocnoeu xeMuje 3a cpedne uixoAe PaHKa rieTpoBHha 114(peneH3eHTH
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су били Марко Леко и 1ован ДокиЬ). Исте године написао )е и Сима Лоза

ниЬ .Хелш/у за средае школе115. Ово дело тада ни)е прихвачено као уцбеник

за средн>е школе )ер )е веЬ посто^ао поменути уцбеник Ранка ПетровиЬа,

а и школска комиси^а )е имала неколико примедби на уцбеник118. Зато )е

Сима ЛозаниЬ 1897. године поново написао „друго поправл>ено издание"117

и овога пута уцбеник )е био прихваКен за среддьу школу и годинама )е био

у употреби (последнее издание 1921. године). Свако ново изданъе ЛозаниЬ

)е допуаавао и прера^ивао. Од 1905. године у средоьим школама су били

обавезни следеЬи уцбеници из хеми)е: Хемща Симе ЛозаниЬа (за гимнази)е),

Хеми^а Мите ПетровиЬа (за Богослови)'у) и Хемиска шехнолоща Раше Ми

лошевича (за реалке)118.

Од 1881. године уведено )е у Срби^и полагайте професорских испита119.

Програи за ове испите сачинио )е Сима ЛозаниЬ. Он ]с У)едно био и стални

члан комиси)е за полагайте професорских испита из хеми)е120 (органске и

неорганске, хеми)ске технологи^е, минералоги)е и геологи)е). Од 1881. до

1896. године професорски испит положио )е 33 кандидата121.

Ваннасшавна акшивносш

По доласку на Велику школу, новембра 1872. године, ЛозаниЬ )е почео

да врши испитиван>а руда и лажног новца, као и РашковиЬ пре н>ега122.

Почетном 1873. године и званично )е поставл>ен „као заступник поч(ившег)

Михаила РашковиЬа за испитивача руда и фалични новаца" при Министарству

финанстф, с годошпьом платом од 1200 гроша123.

У лето 1873. године ЛозаниЬ се обратно ректору с молбом да му омогуЬи

испитиван>е минералних вода у Срби]и. Уз ньегову молбу ко^у )е послао ми

нистру, ректор ПанчиЬ )е написао: ,,. . . разлог што се до сада ништа ни)е

радило на томе ]е та) што нисмо имали добрих хемичара или што се они нису

хтели овим предметом да баве. Сад имамо таквог човека ко)и }е послу вешт

а и во.ъан да га ради"124. Првих година рада ЛозаниЬ )е испитивао састав

пи)аЬих и минералних вода у Срби)'и. Касшф )е радио на агрикултурно)

хеми)и, испитивао )е разне пол>опривредне производе, вршио огледе с веш-

тачким 1)убривом и на разне начине се трудно да помогне заостало) пол>о-

привреди. Као министар привреде израдио )е неколико закона ко)И су имали

за цюь да унапреде воЬарство, виноградарство, шумарство, риболов, сто-

чарство.

Био )е члан многих стручних друштава у копима )е активно сара^ивао

(Српско хеми)Ско друштво, Немачко хеми)Ско друштво, Српско пол>опри-

вредно друштво, Српско лекарско друштво, Чешко индустри)ско хеми)ско

друштво, Главни савез српских земл»орадничких задруга)125. Често )е држао

популарна и актуелна предавала и учествовао у разним друштвеним акци-

)ама све до дубоке старости.

Научны рад

Научни рад Симе ЛозаниЬа обухвата скоро све области хеми)е: неор-

ганску, органску, теори^ску, електрохеми)ску и агрикултурну. Об]*авио )е

преко 150 радова у нашим и страним часописима и 14 засебних дела.

На^веЬи бро) ЛозаниЬевих радова )е из области органске хеми)е. Ове

радове об)'авл>ивао }е у Гласнику Српског ученог друштва, Гласу Српске

краллвске академике, у немачком часопису Вегкксе (ВепсЬге (1ег ЬешзсЬеп
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спегшзспеп СезеПзспаК) и другима (на)веЬи бро) ових радова налази се у

библиотеци хеми)ског одсека ПМФ-а). Од радова на првом месту тре<5а

истаЬи електросинтезе, реакци)е ко)е се врше под утица)ем електричног праэ*с-

шеаа, ко)е )е радио од кра)а XIX века на до првог светског рата. Експери—

менте )е вршио с „озонизатором" ко)И )е сам конструисао1-6. ЛозаниЬ )е на

пол>у електросинтеза претеча Милеру (5. МШег) ко)и )е експерименте вршио

педесетих година овог века (Опарин у сво)0) кн>изи О йосшанку свеша помшье

неколико ЛозаниЬевих радова127.) По брощости долазе затим радови о пи^а—

Ким и минералним водама у Србищ и истаживан>а ко)а )е вршио на рудама,

утл>у и осталом природном богатству земл>е. Утврдио )е хеми)ски састав и

дао имена неким минералима (авалит, милошин, александролит). Конструисао

)'е пеКи за рудник живе на Авали и н>има управл>ао. Веома су знача)ни за

оно време радови на агрикултурно) хеми)и. Годинама )е вршио огледе с

вештачким Ьубривом и об)авл>ивао доби)ене резу.чтате. Написао )е и „Упуг-

ство за изво^ен»е вегетационих огледа помоЬу вештачког 1)убрета".

Од неколико шегових теори^ских радова интересантан ]с рад „хеми^ске

комбинаци)е" у коме израчунава бро) парафинских изомера и да)е обрасце

помоЬу ко)их се могу израчунавати изомери. У раду „Ме^е периодног система"

ЛозаниЬ разматра могуЬност попун>аван>а места у периодном систему и степей

до кога може ово попун>аван>е да се врши. На]зад, написао )е велики бро)

расправа и популарних чланака.

ЛозаниЬ )е изабран за члана Српске кралевске академи)е 1888. године128

(основана 1886.). За секретаре Српске крал.евске академи)е, Одсека за при-

родне науке, изабран )е 1897. године129. За председника Академи)е изабран

)е 1. септембра 1889. године130, али )е веЬ 2. фебруара 1900. морао да под-

несе оставку због одласка у иностранство на нову дужност131 (посланик у

Лондону). Поново )е изабран за председника Академи)е, на три године, 1.

фебруара 1903. године132.

На кра)у )ош )еданпут напоминаемо да, за разлику од РашковиЬа, о коме

има мало података, о Сими ЛозаниЬу и ньеговом раду посто)и огроман ар-

хивски матери)ал. Ово )е само мали исечак из н>еговог живота и рада и то

она) о коме се до сада мачо писало.

ХЕМИ1А НА ВЕЛИК01 ШКОЛИ ОД 1894. ДО 1905. ГОДИНЕ

Марко Леко (1853-1932)

После одласка Симе ЛозаниЬа са Велике школе, )ануара 1894. године,

остала )е Катедра за хеми)у упражшена. Конкурс за новог наставника хеми)е

расписан )е у ]уну исте године, а годину дана по одласку Симе ЛозаниЬа,

^ануара 1895. године, за хонорарног наставника хеми)е поставлен )е 42-го-

дишн>и др Марко Леко. Кра)ем 1898. године Леко )е изабран за редовног

професора Велике школе.

Марко Леко )е ро!)ен у Београду, 17. септембра 1853. године, где )е

завршио основну школу и гимнази)у (1869.)133. Наредних десет година провео

)е у иностранству студира)уЬи хеми)у и радеЬи у хеми)ским лаборатори)ама.

Године 1869. уписао се на шващарску Политехнику и Хеми)ско-технички

факултет завршио 1872. године. После завршених студила био ^е изабран
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за асистента код професора Копа (ЕтП Корр) и из овог периода му потиче

први научни рад. После две године, 1874, отишао је у Берлин и у лаборато

рии А. Хофмана провео један семестар. Следеће године се вратио у Цирих

на шващарску Политехнику, код професора Мајера (У1Сг.ог Меуег) где је

завршио започету докторску дисертацију и докторирао у мају 1875. године.

Код Мајера је остао још годину дана и објавио неколико радова. Последње

четири године боравка у иностранству провео је у хемијским фабрикама, у •

Офенбаху на Мајни и у Базелу134.

У Београд се Леко вратио 1880. године. Исте године био је постављен

за предавача у Београдској Гимназији. Предавао је хемију (у VI разреду),

популарну физику (у III разреду) и минералогију (у V разреду)135. Године

1881. постављен је за хонорарног предавача хемије на Војној академији136.

У априлу 1882. године Леко је полагао професорски испит из хемије (органска

и неорганска, хемијска технологија и минералогија с геологијом). У комисији

су били професори Велике школе: Алковић (који је заменио Панчића), Ву-

ловић, Лозанић, Клерић и Жујовић. Једногласно је оцењен одличном оце-

но«137. Отказ на звање професора Гимназије дао је 1884. године, када је

постављен за државног хемичара у Државној хемијској лабораторији138 (ос-

нованој 1859.). Десет година касније, 1894. године, постао је управник Државне

хемијске лабораторије и с овог положаја је изабран за професора хемије

на Великој школи.

Марко Леко се бавио и разним областима хемије, а највише је допринео

у теоријској, органској и аналитичкој хемији, затим примењеној хемији и

настави хемије на Великој школи и средњим школама.

Настава на Великој школи

Избор Марка Лека за професора хемије на Велико) школи текао је споро.

Мада је изабран још 1894. године, коначно је почео да предаје хемију као

редовни професор тек пет година по одласку Симе Лозанића (1899. године).

На први конкурс за професора хемије, расписан у јуну 1894. године, јавили

су се др Марко Леко, др Милорад Јовичић, др Марко Николић, др Лука

Панић и др Александар Зега139. Од пријављених кандидата Академијски

савет Велике школе изабрао је октобра 1894. године Марка Лека за редовног

професора140. Овај избор је истог месеца био потврђен али није и реализован.

Како никог није било на катедри за хемију, минисгар је крајем децембра

1894. године поставив Лека за хонорарног наставника хемије141. Леко је

предавао само хемију по шест часова недељно (хемијска технологија је 1894.

године одвојена од хемије и истовремено је био расписан конкурс и за овај

предмет; на конкурс су се јавили: др Вукашин Панаотовић, Јован Бадемлић,

Бранко Ановић, Војислав Прљевић и др Јосиф Содомски; нико од кандидата

није изабран, тако да хемијска технологија то године није предавана142).

Леко је држао предавала само годину и по дана јер се већ у јесен 1896. године

Сима Лозанић, као „минисгар на расположен^", прихватио да бесплатно

предаје хемију на Великој школи, а Леко се вратио на стару дужност управника

Државне хемијске лабораторије143. Ни Лозанић се није дуго задржао на

Велико) школи. Октобра 1897. године напустио је професорску дужност јер

је постављен за министра привреде144. Овога пута министар просвете је за

привременог наставника хемије (до коначног избора) поставио др Милорада

Јовичића који је у то време предавао хемију у Гимназији и био срадник Симе
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Лозанића145. Милорад Јовичић је предавав хемију више од две године.

Стицајем околности у том периоду нису издвајана средства за хемијску лабо-

раторију, тако да је она цело време била затворена, а студента нису ималхс

практичне вежбе, нити су полагали практични испит из хемије148. Избор>

за редовног професора хемије поново је извршен 1898. године. Од три канди

дата, др Марка Лека, др Милорада Јовичића и др Јована Панаотовића (асис-

тента на Гетингенском универзитету) Савет Велике школе изабрао је Марка

Лека147.

Поставит редовни професор Велико школе Леко није одмах желео да

почне са наставом. Хтео је прво да уреди „запуштен хемијски кабинет и ла—

бораторију" у којима ништа није обнављано од одласка Симе Лозанића (1894)

Тражио је и добио тромесечно одсуство да би „обишао велике европске лабо—

раторије и видео се са познатим хемичарима", како би био у току научних

збивања и нових наставних токова и како би набавио што бол>у опрему за

кабинет и лабораторију148. До његовог повратка предавања је требало да

држи Милорад Јовичић149. На његов предлог било је одлучено да студента

те године вежбају у Државној хемијској лабораторией150. Мада је све било

спремно за његов одлазак, због недостатка материјалних средстава пут је

у последњем тренутку отказан и реализован је тек 1902. године151.

Леко је држао предавања из хемије (неорганске и органске, по 6 часова

недељно) и хемијске технологије (по 4 часа недељно)152. Програм његових

предавања1 53 разликовао се од програма Симе Лозанића. Основна разлика

је била у томе што је Лозанић предавао прво општи, а затим посебни део

неорганске хемије, а Леко је сматрао да „опште законе не треба износити

на почетку, него поступно, уз систематику и експериментисање"154. Године

1903/4. Леко је предавала из хемије продужио на три семестра, пошто није

могао, због обимности, да их заврши у предвиђена два семестра155. Студента

су имали лабораторијске вежбе сваког дана и пре и после подне158. Вежбе

из аналитичке хемије које је држао Сима ЛозаниЬ (по Хофману), Леко је

заменио вежбама по практикуму Упутства у хемију (немачки превод амери

канца А. 5пнЉа). Ова Упутства Леко је превео 1903. године157. Почетници

су радили квалитативне анализе, а старији студента квантатативне анализе

и правили препарате158.

Леко је предлагав да се Катедра за хемију подели на Катедру за анор-

ганску, са примењеном анорганском хемијом и на катедру за органску, са

примењеном органском хемијом и да сваки професор добије по једног доцента

који би држао специјалне курсеве из хемије. Основале би се две лабораторије,

за анорганску и за органску хемију, које би имале заједничку библиотеку,

инсталацију за гас и неке веће и скупоценије апарате. У лабораторији за

анорганску хемију одвојило би се једно одељење за физичку хемију159. Од

свега овога успео је да се 1903. године оснује Катедра за физичку хемију и да

се на основу н>еговог реферата, за доцента изабере др Милоје Стојиљковић180.

Годину дана касније, 1904. године, изабран је био и доцент за органску хемију,

др Милорад Јовичић, али због предстојећег преустројства Велике школе у

Универзитет, овај избор није потврђен181.

Леко се веома трудно да уреди запуштену хемијску лабораторију и кабинет,

да набави нове апарате, књиге и часописе. У писму којим се обратно Ака-

демијском савету 1899. године тражио је да се повећа буџет јер је 1000 динара,

колико је буџетом било предвиђено за хемијску лабораторију, „довољено

само за оне часописе и она хемијска дела, која је хемијски кабинет до краја



УТЕМЕЉИВАЧИ ХЕМИЈЕ У СРВИЈИ 93

1 894. године примао и која од тада не прима, само за ту набавку потребно је

преко 1000 динара"162. Успео је да се буцет за 1900. годину утростручи, од-

носно да буде повећан од 1000 на 3000 динара163. Како је за 1903. годину

било предвиђено смањење буџета на 2000 динара, Леко се поново жалио

министру јер је „рад ученика много интензивнији и ако се не жели да се

развитая тих а и других радова спречи, онда се у лабораторији мора располагати

потребним средствима, а која се ни у ком случају не могу набавити сумом

од 2000 динара"164. После овог захтева буџет за 1904. годину повећан је на

5О00 динара165. Леко је издао прву „Уредбу" хемијске лабораторије, 1903.

године166. Ова „Уредба", откуцана на две странице, садржавала је правила

за практичен рад студената. Лекова идеја била је уједињење свих хемијских

лабораторија, а посебно лабораторије Велике школе и Државне хемијске

лабораторије. Према његовом мишљењу, то би било врло корисно за ученике

јер би имали прилике да виде како се ради на примењеној хемији и „да се

сами у тим пословима вежбају (. . .) од таквог спајања било би користи не

само за Велику школу, већ и за примењену хемију у Државној хемијској

лабораторији, која би на тај начин унеколико дошла ближе науци"167.

Године 1901. Леко је изабран за старешину Филозофског факултета168,

а две године узастопно, 1902/3. и 1903/4. за ректора Велике школе169. Го

дине 1902. ушао је у комисију за израду пројекта Закона о Универзитету170.

Када је 1905. године проглашен Универзитет и изабрани нови професори,

Леко је добио звање ванредног професора за хемијску технологију171 које

није хтео да прихвати и отишао је у пензију172.

Ваннаставна активност

Дошавши у Србију 1880. године Марко Леко се одмах укључио

у рад око организована наставе хемије у средњим школама. Већ 1881. године

ушао је заједно са Симом Лозанићем у комисију за израду наставних програма

за гимназије173. Наредне године је био постављен за надзорника у основним

школама174, а неколико година касније за сталног министарског изасланика

на годишњим испитима и испитима зрелости у гимназијама као и за члана

комисије за професорске испите175. Године 1899. саставио је нов програм

за професорске испите који је обухватао и „увежбаност у експерименталним

радовима", с тим да се кандидатима претходно „да могућност усавршавања

у београдској или којој другој Великој школи"176. Био је члан Главног про-

светног савета и учествовао у свим питањима која су се односила на наставу.

Учествовао је у писању (или је сам писао) највећег броја рецензија за уџбе-

нике, стручне књиге и чланке из хемије. Већина његових реферата штампана

је у Просветном гласнику.

Најплодоноснији рад Марка Лека био је у Државној хемијској лабора

торией. Дуто година је био њен управник и направио је од ове лабораторије

једну од најуређенијих у Србији178. Као државни хемичар вршио је разно-

врсне анализе, санитетске и судско-медицинске, анализе индустријских и пољо-

привредних произвола179 и бавио се испитивањем животних намирница које

су сакушьане приликом санитетских ревизија. Његовим залагањем издана је

Уредба о контролисању животних намирница180, а резултати ове контроле

штампани су једном годиппье. Годинама је испитивао нијаће, минералне

и радиоактивне воде у Србији181. Крајем деведесетих година учествовао је

у проналажењу вода погодних за нови београдски водовод182. Више од
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десет година био је члан и председник комисије за пријем и анализу хартије

за Државну штампарију183. Као члан Самосталне монополске управе био је

председник комисије за преглед и пријем увозног дувана184. Као члан и

председник Српског пољопривредног друштва учествовао је у стварању

предлога „Закона о државној хемијској и огледној станици"1*5.

На његов предлог и залагање основано је 1897. године Српско хемијско

друштво. Леко је био на његовом челу првих десет година. На састанцима

који су држани једном месечно чланови су саопштавали резултате својих

радова и текућих послова и интересантније радове страних аутора. Поред

тога расправлено је о свим питањима великопжолске и средњошколске на-

ставе и о свим другим проблемима који су се односили на хемију188.

Леко је био члан више наших и страних стручних друштава и дописник

више страних часописа. За свој рад више пута је одликован187.

Научни рад

Научни рад Марка Лека обухвата више области хемије.

Радови који датирају из првих година његовог бављења хемијом односе

се на теоријску и органску хемију. Неки од ових радова помшьани су у не-

мачким упбеницима (Краток курс органске хемије Бертенса, 1895., Органска

хемија Рихтера, 1894/96.). 188 Најзначајнији рад му је докторска дисертација,

која се бави конституцијом амонијумових једињења. Овај рад је, својим

напредним тумачењем, изазвао живе полемике хемичара оног доба; каснији

развој науке дао му је за право (коначно радовима Вернера 1923. )189. Из

овог периода има и неколико радова који се односе на синтезе органских

боја; неке од њих радио је са Мајером.

Највећи број Лекових радова био је из примењене хемије. Ови радови

су се односили на анализе минералних, пијаћих и радиоактивних вода, ана

лизе руда и минерала, санитетске и судско-медицинске анализе и анализе

индустријских и пољопривредних произвола. При овом раду многе је ана-

литичке методе усавршавао или сам изналазио. Неке од његових метода

ушле су у хемијску литературу (Упутство за изналажење отрова Роберта

Ота, 1896, и приручницима Л. Коберта, 1888. и 1893.)1«*0.

У библиографији Лекових радова наведена су 52 рада. Мишљења смо

да има још неких радова и штампаних предавања која овде нису унета.

Напомшьемо на крају да је архивски материјал који се односи на живот

и рад Марка Лека, изузев наставе на Великој школи, још неисш!тан и да

истраживање тек предстоји.

Покушали смо укратко да осветлимо путеве развоја хемије у XIX веку

пратећи живот и рад тројице истакнутих хемичара оног времена. За ову

прилику обимни материјал о шиховом раду нужно је сажет. Потребно је

рећи да је поред њих у Србији XIX века деловала још десетина хемичара

и да су неки од њих такође оставили значајног трага у нашој хемији. Приказ

је релативно уопштен и донекле поједноставл>ује прилике и устове у којима

се ова наука развијала. Развитак хемије у Србији оног времена трепео је и

разне друге утицаје које нисмо помињали. Циљ нам је био да, колико могуЬ-

ност дозвољава, тему усмеримо на три најзначајније личности, које се с правом

сматрају утемељивачима хемије у нас.



УТЕМЕЛИВАЧИ ХЕМЩЕ У СРБВДИ 95

Прилог

ПРОГРАМ ХЕМ1С

1. Определен* Хем1е. Разделен* тела; раздельивост матерее. — Стан* нашаганя

тела. — Хемично сродство. Закон о единению стих1Я са кисеоником. — Знаци за

специфично определен* тела. — Кристалне форме. — О справама, коима се служимо

за хемично послован* и о хемичном послованю.

2., Хемична Номенклатура. Нуждност н*на. — Единения; киселине; базе и соли.

Распознавай* и разлинован* ньихово по ньиховом саставу. Правлен* ньихових

имена. — Владан* воде према киселинама и базису. — Легиран*. — Амалгамиран*.

— Окончен*, кое се дае, кад се металоид са металоидом или са металом едини. —

Знаци и формуле, кои се употреблюю у Хемш. — О томе, како Хемици деле проста

тела и о правилности тог деленя .

3., Добивай* кисеоника. Н*гова свойства. — Гасометар, н*гово употреблен* и

свойства н*гова. — Сажижан* у кисеонику. Добивай* водоника и н*егова свойства.

— Добивай* хлора и н*гова свойства. — Добиван* флуора и н*гова свойства. —

4., Добиван* азота и н*гова свойства. — Састав атмосферског ваздуха и о томе,

да ли е смеша или единен*. — Сажижан* у ваздуху. — Добиван* сумпора и н*го-

ва свойства. —

5., Свойства угл*ника и н*гово добиван*. — Добиван* фосфора и н*гова свой

ства. — Добиван* 1ода и н*гова свойства. — Добиван* арсеника и н*гова свой

ства. —

6., Околности у коима се едини кисеоник са водоником и свойства воде. — Доби

ван* Хлороводоничне киселине и н*на свойства. — Добиван* флуороводоничне

киселине и н*на свойства. Добиван* сумпороводоничне киселине и н*на свойства. —

7., Добиван* Амошяка и н*гова свойства. Уплив металоида, водоничних и кисео-

оничних киселина на Амошяк. Добиване амалгама Амошума, Хлорамошума и углье-

нокиселог Амошяка. —

8., Сразмерице у коима се може единити угльеник са кисеоником и свойства н*гових

единения. — Сдинен* Силишума са кисеоником и свойства единеня. — единен*

бора са кисеоником. — Сдинен* угльеника са азотом; н*гово добиван*. — Правлен*

щяноводоничне киселине. — Сразмерице у коима се едини угл*ник са водоником

и свойства ових единеня.

9., Физикална и хемична свойства метала. — О солима уобште.

10., Добиван* кал1ума. Н*гова свойства. Сразмерице у коима се едини са кисеони

ком и н*гове соли. — Добиван* угльенокиселог к&шя. — Правлен* салитре. —

Добиван* сумпорокиселог кашя. — Свойства, саставне части и правлен* барута. —

Реагенще по коима се познаю кашя соли. —

П., Добиван* Натр1ума и н*гова свойства. — Позната единеня Натр1ума са кисео

ником и ньихово добиван*. — Соли Натр1ума. Добиван* куйнске соли, азотокиселог

натрона, силищумакиселог натрона и сумпорокиселог натрона. — Реагенфе за на-

тронове соли у раствору. —

12., Добиван* калщума и н*гова свойства. — Сдиненя калщума са кисеоником. —

Соли н*гове: угльенокисели креч и сумпорокисели креч. —

Добиван* Алумин1ума и н*гова свойства. — Сдинен* Алумишума са кисеоником

и н*гова свойства. Правлен* порцелана.

Добиван* магнез1ума и н*гова свойства. Сдиненя н*гова са кисеоником и соли. —

Реагенше на соли креча, алумише и магнез1е у раствору —

13., Добиван* цинка, калая, олова, никла и кобалта. Ньихова снойства, единеня

са кисеоником, соли и реагенфе.

14., Добиван* Гвож1)а, Антимона и визмута. Ньихова свойства, сдиненя са кисео

ником, соли и реагенц1е. —

15., Добиван* Живе, Бакра; ньихова свойства, единеня са кисеоником, соли и

реагевщс.

16., Добиван* сребра, злата и платине. Ньихова свойства, сдиненя са кисеоником,

соли и реагенще.

17., О еквивалентима.
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18., Merofl npn HcnHTy opraHHVHHX rent. — MaTepue, Koe palja 6wii 3a : _

pacreHH, paMHKOBairfe obhx npoH3BOAa. CTHxic H3 komx e cjiokcho 6njrt. — PaanKM-

hoct 6bjih h y3opK, iirro ce juiko pa3ABan. Kjiijurt pa3Hor 6hjih; HanHH Ha koh to 6kbz.

— Acrctbo KHcejiHHa h ajiKajiin Ha Shjibho BJiaKHo; yanHB y3BHiueHe TeMneparype

Ha 6rju>ho BJiaKHo npn cjioSoahom npncryny Bsapyxa a h onaa, Kan Basgyx npHcrrynHTH

HCMOJKC (cyBa aeCTHJiaiUH). — IIpOHSBOAH HecaBpuicHC

h HbHxoBO Hajiiraie Ha npoH3BOAe, koc ByjiKaHcxa TonjiOTa y :

19., PahaH-fc xyMyca, Tpecrra, iwpKor h KaMeHor yrubeHa. — Tejia, y KoiiMa ce

h i<aKO ce AoCusa uiTHpaK, 5cjiaHi;e 6hjih, 6nm>Ha cupHa Marepin h Jien. npeTBapaurfc

urmpKa Ha ryMy h mehep. Peareimie KOHMa inehep y pacraopy Hana3HMO. iloSHBaH t h

mnnheH-fe (padMumpaHfe) uiehepa. JXchctbo Toiuicrre n KHcejuwe Ha inehep. — FIpoMCHa

oeJiaHnery noaooinix BeurrecTBa acActbom TpyHeHH.

20., flpcTBapcurt uiehepa Ha uinHpirryc h oBora Ha erep. — IlpaBJieHe BHHa, njtBa,

panic h innHpHTyca. — Ghhhchh erepa ca KHccnKHaMa. — rTpeTBapairfe nnrapRryca

Ha erep.

21., Mac™ h MacTHH oJiaH. JXo6HBaH-fe Macro, HMixcma cBoncraa; npouec npn npaBJiewo

canyHa. XlooiisaH-fc creapHHa h oJieHHa KHcejume. — J[o6HBaB~fe BeTpeHacrox hjlh erepHHx

oJiafl H HbHXOBa CBoftCTBa, npaBJieH'b napacpima, noMafle, MHpHCHor oueTa, JiHKepa hta.

Ao6HBaHe cmoju, ryjvui CMone, xaywyKa h HbHXOBa CBoftCTBa.

22., H3BJiatma BeurrecTBa h hmocobo .nooHBaHt. — JIooHBairfc (papGamix MaTepia. —

JIo6HBairt opraHmHHX 6a3Hca. — AooHBairfc opramnnuix KHcemma. —

23., AHopraHCKe cacTaBHe yacTH 6hjih. PaHCH-fe 6hjih.

24. Jlerpop. Hcnirr ca jieTpopoM h lrfcroBe pearemiie.

11 AeKeM6pa 1861 rofl. ripcxpecop-b xejwie h xeMHrae

y Eeorpafly TexHOjiorie

MHXaHJl-b PaiUKOBHhb

SUMMARY

THE FOUNDERS OF CHEMISTRY IN SERBIA, MIHAILO RASKOVlC, SIMALOZANIC

AND MARKO LEKO. AN ESSAY ON THE HISTORY OF NATURAL SCIENCES IN

SERBIA

SNE2ANA BOJOVIC

The Higher Pedagogical School, Duianova 13, YU-11000 Belgrade, Yugoslavia

The development of chemical science in the 19th century in Serbia is closely tied to three

eminent personalities acting after the abolition of the Turkish rule: Mihailo Ragkovic, Sima

Lozanic and Marko Leko. The first activities consisted of teaching chemistry at the Lycee of

Kragujevac and later at the Great School in Belgrade. On the Lycee lecturing of chemistry (as

an independent subject) was begun in 1853 by Mihailo RaSkovic (1827— 1872). He was educated

in Budapest, Prague, Chemnitz and PSibram. He was lecturing inorganic and organic chemistry

and chemical technology. RaSkovic was the founder of the first chemistry laboratory where he

performed numerous analyses of mineral waters, ores, minerals, coals etc. He was not involved

in research, but prepared the foundations for the years to come. He established and introduced

the first consistent chemical terminology in Serbia.

Sima Lozanic (1847—1935) succeeded RaSkovic after his death. Being at first a student

of RaSkovic, he continued his education in Zurich and Berlin. Lozanic modernized the curri

culum and except of an interruption in the period 1894—1905, lectured chemistry and chemical

technology up to 1922. He reorganized the chemistry laboratory and introduced regular student

practical exercises. He wrote or translated textbooks for all the teaching fields. These books had

several editions and were used for many years. Lozanic made great efforts to improve chemical

education in secondary schools by introducing appropriate curricula and textbooks. His research

activities encompassed numerous branches of chemistry, but the most significant contribution

was made in organic chemistry where he performed pioneering works on chemical effects of the
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glow discharge in gases and vapours. Lozanic published more than ISO scientific articles and

14 books. He was also Minister of Agriculture, Ambassador to Britain, and Minister of Foreign

Affairs of the Kingdom of Serbia. Lozanic was also member of the Serbian Academy of Sciences

and President of the Belgrade University.

Marko Leko (1853 — 1932), educated in Switzerlad and Germany, was Professor of Che

mistry at the Great School (later University of Belgrade) in the period 1895 — 1905. He modern

ized the curriculum and students' laboratory exercises. He is the founder of the Serbian Chemical

Society in 1897 and was its president for the first ten years. For many years he was Director

of the State Chemical Laboratory. He made a significant contribution to chemistry teaching

in secondary schools. He published more than fifty papers and other texts on organic, analytical

and applied chemistry.

(Received 15 June 1982

JIHTEPATYPA H HAnOMEHE

1. OBaj pan 3acH0BaH je Ha HSBopHoj rpaljn Koja ce «ryBa y Apxirey CP Cponje. y najbHM

HanoMeHaMa HaBOfluheMO cam (pOHflOBC h perHCTapcKe SpojeBC noMcayior ApXHM. riopen

obc rpat)e kophcthjih cmo h rpatjy ca npHpoflHO-MaTeMaTirfKor (paKyjrrera Koja HHje 6mia

perHCTpoBaHa nana cmo H3Bpumnn HCTpaxumaiba; Ty rpatjy ofiejiOKasaheMO cKpahemmo.M

nMO.

2. 3a nperjiea pa3Boja npocBere BHArni: UIkoacwio CpBuje 1803—1918, Eeorpaa 1980 Cuo-

Menuyy o cmaapany YnuaepiuCueiua , Eeorpan. 1906, C. "RyHKOBHh, UIkoacwso u upocae&a y

Cp6ujuy XIX sexy, neaarouiKH My3ej y Eeorpafly, Eeorpaa 1970—1971.

3. 3a HCTopjijy Cp6Hje BHflerH: Hciuopuja cpucxoi uapoda, V. ype/utHK B. OrojaHieBiih,

CpncKa KH>HM<eBHa 3aapyra, Eeorpan. 1981

4. <t>oHfl JlHueja (flan>e cp. JlHueja) 6p 4/1839, &• HcaunoBHh npocpecopcKOM CaBery, 25.

cenTei«6pa 1839

5. <t>oHfl MnHHCTapcTBa npocBeie (aan>e d>. M. n.) 6p 463/1839, peicrop noneturrejiCTBy

npocBeurreHHja, 21. aeueMSpa 1839

6. (p. M. n. 1—14/1841, peicrop noneinrrejiCTBy npocBeurreHHja, 13. onofipa 1841

7. (p. M. n. Ill -204, YKa3 o nocraBjbeiby, 26. iwaja 8143

8. (p. Jlnueja 6p 265/1849, npHBpeMeHO noneUHTCJiCTBO npaBOcyha h npocBeurreHHja, jyjia

1849

9. d). M. n. 6p 544/1839, cnHcaK anapaTa, 25. HOBCM6pa 1839

10. <p- M. n. V— 132/1841, JoBaH Panh none«iHTejiCTBy npocBeurreHHja, 24. cerrreM6pa 1841

11. (p. M. n. VI — 12/1844, J. UIad>apHK noneHHTeJiCTBy npocBeuiTeHHja, 17. cerrreM6pa 1844

12. (p. Jluueja 6p 491/1853, nporpaiw H3 d)H3HKe 3a 1853/54

13. ByK MapuHKOBHh, Hauejta (frusuKe, FIpaBHTejiCTBeHa KHHroneqaTHHua, EeorpaA 1851

14. <p. M. n. V— 14/1855, YKa3 o nocraBJbaiby, 26. cerrreM6pa 1853

15. floflauH H3 ..KOHflyirr Jmcre" BejiHKe uiKOJie 3a 1855. H 1872. ronjmy

16. (p. M. n. V — 14/185 3, rjiaBHH HHcneicrop uinojia nonewreJicTBy npocBeurreHHja, 18.

cerrreMopa 1853

17. y Jlimejy je npenaBara y muknm o6my y oKBnpy (pramce, a y ApmrbepHjcKoj uikojih oa

1853. roAHne

18. (p. M. n. K— 1798/1861, nporpaM H3 xeMHje, 11. neueMSpa 1861

19. (j>. JlHueja 6p 602/1855, HSBeurraj ca 3ace/taH>a JlHuejcxor caBeTa, 10. aeueMSpa 1855

20. <p. M. n. Ill — 252/1868, H3Beurraj J. IIIacpapHKa o Hcmrry M. PauiKOBHha, 6. iwaja 1868

21. (p. M. n. K— 29/1859, peKrop nonewrejiCTBy npocBeuiTeHHja, 8. jyjia 1857 h X— 29/1859

22. <p. M. n. VII— 1092/1860, peKrop nonewrejicTBy npocBeurreHHja. 1. jyjia 1860 h VI —

1186/1862

23. (p. M. n. XI— 148/1859, peKTop nonenrrencTBy npocBeurreHHja, 1. cerrreM6pa 1859

24. ripasHHUH cy cjiymajiii xeMHjy Ha Tcxhhmkom (baKyjrrery

25. <p. M. n. VIII-1419/1863,yKa3 o nocraBJbCH>y, 26. cenreM6pa 1863

26. <p. JlHiteja 6p 1253/1863, 3axoH o ycrpojcTBy rHMHa3Hje, 18. cerrreM6pa 1863

27. OoHfl BejiHKe uiKone (oan>e (p. B. III.) 6p 13/1867, nporpaM H3 xeMHje

28. d>. Jluueja 6p 481/1853, 3anHCHinm ceoHHua AxaaeMHjcKor caBera, 23. HOBCM6pa 1853 h

(p. M. il. 11 — 294/1865, nammh MHHHcrpy npocBCTe, 7. «eueM6pa 18634

29. <p. M. n. V— 4/1855, peicrop nonemrreJicTBy npocBeurreHHja, 5. cerrreMSpa 1855

30. <p. M. n. Ill — 101/1856, peicrop noneiHTtncTBy npocBeurreHHja, 30. anpwia 1856
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31. ф. Лице)! бр 913/1861, ректор Главно) контроли, 27. фебруара 1860, и ф. Лице)а бр.

967/1861 и ПМФ, писма, 15. августа 1871

32. ПМФ, бележница и извештаь 15. августа 1871

33. ф. М. П. ХН-570/1872, минисгар просвете школама, 23. марта 1873

34. ПМФ, Минисгар просвете РашковиЬу, 5. октобра 1866, и РашковиЬ Министру про

свете 3. алрила 1867

35. ПМФ, С. ПантелиЬ РашковиЬу, 26. марта 1867

36. Друштво србске словенсности (архив САНУ) 26/1862, ПанчиЬ Друштву србске сло

весности

37. ф. М. П. 1У-72/1863, минисгар просвете ректору, 10. априла 1872. и ф. В. Ш. бр.

47/1872

38. ф. М. П. VI — 38/1857, попечител, просвете министру финансов, 18. априла 1857. и

V— 13/1858

39. Подаци из кондуит листе за 1855. и 1872. годину

40. ПМФ, бележница, 1863-1868

41. ф. М. П. Ш-252/1868, минисгар финансов министру просвете, 9. априла 1868. и

ПМФ, писма

42. Подаци из кондуит листе за 1872. годину

43. ф. М. П. IV— 529/1860, попечител, унутраильнх дела попечител>у просвете, 10. ма;а

1860 и 1-210/1866

44. ПМФ, реэултати анализа и извешта)И министерству финанси)'а

45. ф. М. П. И— 361/1865, минисгар финансида министру просвете, 7. ма)а 1865

46. ф. М. П. VIII — 1656/1866, РашковиЬ и МаринковиЬ попечителе просвете, 25. ма)а

1859

47. ПМФ, извешта)и министру водном

48. ф. М. П. VIII— 1596/1866, минисгар просвете Српском ученом друштву, 17. децембра

1866

49. Подаци из кондуит листе за 1872

50. ф. М. П. И — 259/1867, минисгар правде министру просвете, 8. марта 1867

51. ф. М. П. X— 26/1871, минисгар просвете ректору, 7. октобра 1871

52. Подаци из кондуит листе за 1872. годину

53. ф. В. Ш. бр 118/1872, минисгар просвете ректору, 3. октобра 1872. и ф. М. П. IX—

65/1872

54. ф. М. П. XI — 313/1872, Указ о посгавл>ен>у, 7. новембра 1872. и ф. В. Ш. бр 125 1872

55. Годишрьак Срйске кралевске академикеXI1 1, (1900), стр. 254 биографи)а Симе ЛозаниКа

56. Сйоменица 50-годишьъице йрофесорског рада Симе М. ЛозаниКа, Београд 1922

57. ф. М. П. IV — 105/1872, ЛозаниЬ министру просвете, септембра 1868

58. ф. М. П. IV— 105/1872, ЛозаниЬ министру просвете, новембар 1868

59. исто, ЛозаниЬ министру просвете, априла 1869

60. исто, преписка иэмег)у министра просвете и ЛозакиЬа од фебруара 1870. до августа

1871

61. ф. М. П. IV— 105/1872, минисгар просвете ЛозаниЬу, )ула 1871

62. исто, ЛозаниЬ министру, )ануара 1872

63. ф. М. П. 1У-156/1872, ЛозаниЬ министру просвете, 10. )уна 1872

64. ф. М. П. XI — 313/1872, ректор министру просвете, 5. октобра 1872

65. ф. М. П. XIII — 99/1875, распоред часова у Велико) школи

66. ф. М. П. 47—29/1892, преписка измеЬу ЛозаниЬа и ректора и ЛозаниЬа и министра

просвете, 1872-1892

67. Дожи«ла}и и радови йрофесора Сима М. ЛозаниКа, Београд 1927. и ф. М. П. 41 — 163/

1911, студента министру просвете

68. ф. В. Ш. ?/1873, ЛозаниЬ Академи)ском савету, 17. марта 1873

69. ф. В. Ш. бр 54/1875, ЛозаниЬ ректору, 4. )уна 1875

70. ф. М. П. 26 — 47/1900, ректор министру просвете

71. ф. В. Ш. 1977/1896, ЛозаниЬ ректору, 25. новембра 18956

72. исто, старешина Филозофског факултета ректору, 8. фебруара 1897

73. ф. М. П. IV — 72/1883, ЛозаниЬ министру просвете, 26. фебруара 1873

74. исто, управа Државне штампари)е министру просвете, 4. августа 1873.

75. ф. М. П. V— 68/1873, ЛозаниЬ министру просвете, 19. октобра 1872

76. исто, школска комиси)а министру просвете, 22. новембра 1872

77. А. №. НоГтапп, Аналишичка класификаци;а мешала и пихове важнщ'е реакии^е, превео

Сима ЛозаниЬ, Државна пггампари)а, Београд 1875

78. ПМФ, оцена Хемще Б. ТодоровиЬа, ЛозаниЬ министру просвете, 22. априла 1878

79. ф. В. Ш. бр 180/1890, записници са седница из 1890
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80. Годшшы/к Срйске кра.ьевске академще X111, 1899, биографща Симе ЛозаниЬа

81. ф. В. Ш. бр 828/1896, министар ректору, 5. августа 1896

Ъ2. Годишлак Срйске кралевске академще XIII, (1900), стр. 254 биографида С. ЛованиНа

83. ф. М. П. юьига указа за 1905. годину и ф. В. Ш. У-8/1905

84. ф. В. Ш. V— 154/1905, председник Универзитетског одбора министру просвете, 28.

фебруара 1905 и указ о поставл>ен>ну 27. фебруара 1905

85. Ф. М. П. V— 3/1905, министар просвете ЛозаниЬу, 27. фебруара 1906

86. ф. В. Ш. V— 154/1905, ректор министру просвете, 9. марта 1905

87. ф. М. П. 71-146/1908, ЛозаниЬ ректору, 12. ма;а 1908

88. Друго издание Аналишичне реакци^е и уйушсшво за квалишашивну анализу А. №. НоГ-

тапп-а превео Сима ЛозаниЬ, уредник Миливо)е ЛозаниЬ, Београд 1948

89. ф. М. П. IX— 174/1877, министар просвете директору Крагу)евачке гимнази)е, 5. сеп-

тембра 1877

90. ф. М. П. VII— 69/1878, ЛозаниК министру просвете, 29. септембра 1877

91. исто, ЛозаниЬ министру просвете, новембра 1878

92. ПМФ, министар просвете ЛозаниЬу, 6. ;уна 1881

93. Просвешни гласный, 1881 (стр. 465), извешта) Симе ЛозаниЬа

94. ф. В. Ш. бр 245/1882, министар просвете ЛозаниКу

95. Просвешни гласных, 1881 (стр. 532 и 638)

96. Просвешни гласник, 1897 (стр. 230)

97. Просвешни гласник, 1881 (стр. 6)

98. Просвешни гласник, 1881 (стр. 160, 199, 243, 283, 497, 694), год. 1882, 1883-1886

99. Чи)у )е оцену, како смо веК рекли, дао РашковиЬ

00. Просвешни гласник, 1881, 1883, извепгоци о раду гимнази)а

01. Просвешни гласник, 1887 (стр. 249)

02. Просвешни гласник, 1888 (стр. 181)

03. ф. М. П. 38—8133/1895, Главни просветни савет министру просвете, 10. марта 1895

04. ф. М. П. IV— 238/1880, А. КниКанин министру просвете, 31. ма]а 1879. и ЛозаниЬ

министру просвете, 6. марта 1880

05. ПМФ, министар просвете ЛозаниКу, 3. фебруара 1881

06. Просвешни гласник, 1887 (стр. 601), 1888 (стр. 624), реферати и ЛозаниЬа и Лека

107. ПМФ, ЛозаниЬ министру просвете, 22. априла 1878

08. Просвешни гласник, 1896 (стр. 543), реферат М. Лека

.09. ПМФ, РашковиЬ министру просвете, 3. саприла 1867

10. А. Стано)евиЬ, Српски и хрватски уцбеници из хеми)е и хеми)ске технологн)с, Гласник

Хем. Ьрушшва Београд 13, 108 (1948)

11. Просвешни гласник, 1899 (стр. 111), министерски распис

12. Просвешни гласник, 1866 (стр. 205), записник са састанка Главног просветног савета

13. Просвешни гласник, 1887 (стр. 601), реферат ЛозаниЬа и Шмита, 15. )ула 1887

.14. Просвешни гласник, 1895 (стр. 502), реферат М. Лека и ]. ДокиЬа, 27. августа 1895. и

(стр. 631) распис министра просвете

115. ф. М. П. XVII -101/1896, ЛозаниЬ министру просвете, 18. марта 1896

116. ф. М. П. XVII— 101/1896, председник Главног просветног савета министру просвете,

22. септембра 1896. и фонд Л>убе КовачевиКа, бр. 638, ЛозаниК КовачевиЬу, 16. септ.

1896

117. С. ЛозаниЬ, Хемща за средне школе, друго поновлено издание, Државна штампарща,

Београд 1897

118. Просвешни гласник, 1905 (стр. 208)

119. Просвешни гласник, 1880 (стр. 98, Закон од 1. априла 1880), 1881 (стр. 81), правила

о полаган>у професорских испита

120. ПМФ, министар просвете ЛозаниЬу, 6. фебруара 1881

121 . Просвешни гласник, 1897 (стр. 224)

122. ф. В. Ш. бр 136/1872, министар финанси)а ректору, 12. )ануара 1893

123. ф. В. Ш. бр. 153/1873, министар финанси)а ректору, 12. ]ануара 1873

124. ф. М. П. VIII — 80— 8173, ЛозаниЬ ректору и ректор министру просвете, )ула 1873

125. Сйоменица 50-годишн>ши) йрофесорског рада С. М. ЛозаниЬа, БудуЬност, Београд, 1922

126. исто

127. 127. А. ]. Опарин, Посшанак живоша на зем.ъы, Завод за издаваше уцбеника СРС,

(стр. 194) Београд 1961

128. ф. М. П. II — 142/1890, извешта) са седнице Академще наука, 5. )ануара 1890 (1888. за

дописног, а 1890. за сталног члана)

129. Просвешни гласник, 1897 стр. 240 (5. фебруара)

130. Просвешни гласник, 1899 (стр. 546)
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131. ф. М. П. 27-152/1900, 2. марта 1900

132. Просветни гласных, 1903 (стр. 145, 1. фебруара 1903).

133. ф. М. П. VIII — 118/1881, Леко министру просвете, 22. јул« 1881.

143. ф. М. П. 55-140/1898 и VIII- 1 18/1881 и 60-142/1897, Леко министру просвете.

135. ф. М. П. XII — 12/1885, министар директору гимназије, 1. априла 1880, и IV — 30/1880,

директор гимиазије министру просвете

136. ф. М. П. 60—142/1897, Леко министру просвете

137. ф. М. П. III— 11/1803, извештај с професорског испита, април 1882

138. ф. М. П. ХП-12/1885, документа о служби М. Лека, 19. априла 1884

139. ф. М. П. 60— 142/1897, документа о конкурсу за проф. хемије на Великој шкојп*

140. ф. М. П. 60—142(1897, извештај Академијског савета, 15. октобра 1894

141. ф. Г.141. ф. В. Ш. бр. 3/1895, министар просвете ректору, 1. јануара 1895

142. ф. М. П. 60—142/1897, министар просвете ректору, 11. октобра 1894

143. ф. М. П. 1-82/1897, министар просвете ректору, 5. августа 1896, и ф. В. Ш. 820/1896

144. Годишњак СКА, XIII, 254 (1900)

145. ф. М. П. 35 — 25/1897, министар просвете ректору, 22. октобра 1897

146. ф. В. Ш. бр. 2362/1898, старешина Филозофског факултета ректору, 17. септембра 1898

и бр. 1426/1898, извештај о раду Филозофског факултета у 1897/8, 4. јул« 1898

147. ф. М. П. 55 — 140/1898, ректор министру просвете, 26. децембра 1898

148. ф. В. Ш. бр. 428/1899, Леко старешини Филозофског факултета, 3. фебруара 1899, и

старешина Филозофског факултета ректору, 7. фебруара 1899

149. ф. В. Ш. бр. 428/1899, старешина Филозофског факултета ректору, 7. фебруара 1899

150. ф. В. Ш. бр. 756/1899, ректор министру просвете, 30. марта 1899

151. ф. М. П. V — 18/1902, прописка нзмеђу Лека, министра просвете и министра иностраних

дела, фебруара 1902. године

152. ф. В. Ш. бр. 2630/1899, извештај о раду Велике школе

153. ф. В. Ш. бр. 708/1895, програм из хемије за 1895/6

154. Записници Српског хемијског друштва, 21. априла 1905, о подели хемије на општи

и посебни део у хемијским уџбеницима

155. Просветни гласный, 1904, (стр. 663) извештај о раду Велике школе за 1903/4

156. исто

157. Записници Српског хемијског друштва, 15. октобра 1905, и ф. М. П. 32 — 89/1905

158. Просветни гласных, 1904, (стр. 663) извештај о раду Велике школе за 1903/4

159. Записници Српског хемијског друштва, 14. маја 1905

168. ф. В. Ш. IV — 218/1903, извештај о раду Велике школе за 1903

161. ф- М. П. III— 18/1905, Леко ректору, октобра 1904, и министар просвете ректору,

јануара 1905

162. ф. В. Ш. бр. 428/1899, Леко старешини Филозофског факултета, 3. фебруара 1899

163. ф. В. Ш. 1-83/1900, расподела буџета за 1900

164. ф.М.П. 57-1/1903, Леко министру просвете, 17. маја 1903

165. ф. В. Ш. И-52/1904, буџет за 1904

166. ф. В. Ш. III- 143/1903, Уредба, 29. августа 1903

167. Записници Српског хемијског друштва, 14. маја 1905

168. ф. В. Ш. Ш-521/1901, ректор министру просвете, 31. маја 1902, 1902, и 6. јуна 1903

170. ф. М. П. XVII -32/1902, министар ректору, 8. јуна 1902

171. ф. М. П. X— 118/1905, председник Универзитетског одбора ректору, 9. марта 1905

172. ф. М. П. юьига Указа за 1905, 26. маја 1905

173. Просветни гласных, 1881 (стр. 854), 1882 (стр. 362 и 763)

174. Просветни гласных, 1882 (стр. 639), извештај М. Лека и ф. М. П. XII- 11 1/1900, Леко

министру просвете, 10. јула 1900

175. ф. В. Ш. III — 505/1901, министар просвете ректору, 18. октобра 1901, и Просветни

гласных, 1898 (стр. 484)

176. Просветни гласных, 1900 (стр. 169), и записници Српског хемијског друштва, 15. јануара

1900

1П. Просветни гласных, 1902 (стр. 114)

178. Записници Српског хемијског друштва, 16. октобра 1906

179. Фонд Министерства унутрашњих дела-Санитет III — 66/1891, Шамс министру уну-

траппьих дела, 18. јула 1890

180. Записници Српског хемијског друштва, 16. октобра 1906, реферат М. Лека са VI

међународног конгреса за примењену хемију у Риму

181. Видети списак радова у: С. Михолић, др Марко Леко: Гласных Хем. друштва Краље-

вине ЈуГославије 3, 127 (1932),

182. М. Леко, Воде у новом београдсхом воводводу, Штампарија Св. Николића, Београд 1894
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183. ф. М. П. 29— 22/1912, прегшска комисще за преглед и анализу хартиде

184. ф. М. П. 35-105/1902, министар ректору

185. ф- В. Ш. IV— 624/1900, министар просвете ректору, 4. новембра 1900

186. Димитри)евиЬ, „Седамдесетпет година Српског хеми)Ског друштва, 1897—1972" (Глас

ных Хем. друшшва Београд, 1убиларни бро), 37, XV (1972); „Педесет година Српског

хеми)ског друштва, 1897 — 1947" (Гласник Хем. друшшва, (убиларни бро), 1947)"; за-

писници Српског хеми)ског друштва

187. ф. В. Ш. IV— 459/1901, министар просвете ректору, 7. септембра 1901, и Просевший

гласник, 1901 (стр. 933), 1904 (стр. 225)

188. ф. М. П. 55-140/1898, Леко министру просвете, 9^01010608 1898

189. С. МихолиЬ, „Др Марко Леко", Гласник Хем. друшшва Кралевине ]угослави)в 3, 127

(1932)

190. ф. М. П. 55-140/1898, Леко министру, 9. октобра 1898.
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Abstract. The sorption of strontium by

microcrystals of BaCOs, grown under control

led conditions (low supersaruration), was in

vestigated by use of radioactive ''Sr. The

differential coefficient of distribution of 8»Sr

was calculated for different volumes of BaCOi

precipitate and the average value B = (5.5 ±

± 0.4) x 103 was found. Obtained results in

dicate that sorption of Sr followed the ad

sorption capture mechanism.

a

The sparingly soluble barium salts appear

to be convenient sorbents for some radioactive

impurities e. g. strontium1-8. The distribution

of microimpurities between the solution and

the solid phase is greatly affected by the condi

tions under which the solid phase is precipi

tated. In a previous paper2 the sorption of

strontium by microcrystalline BaCOs precipi

tated from a highly supersaturated solution

= 50) was investigated. Here we report the

results on sorption of strontium by the micro-

crystals of BaCOs which are slowly growing

from a slightly supersaturated solution (£ = 4.5).

The BaCOs precipitate was obtained by

mixing of the same volume (25 ml) of equimolar

BaCU and Na2COs solutions at 298 K and

pH = 10. Carrier-free l33Ba or »»Sr was added

to a suspension together with the BaCU solu

tion. Solutions of BaCls and NatCOs were

continuously added to the system 5 min after

the BaCOs precipitate formation and the mix

ture was vigorously stirred. Using lMBa as an

indicator, the addition rate to was adjusted

to give a constant supersaturation £ = 4.5. The

sorption of 8,Sr by the precipitate was studied

radiometrically for five different values of cot

(10 to 50) where t is the time of crystal growth.

The rate of BaCOs crystal growth / can

be expressed by an equation4:

/ = <o(Ci - Ql pQ 0)

in the suspension at the moment t, p is the

density of BaCOs and Q is the specific sur

face area of the solid phase. The / was calcu

lated from the experiments with 1S8Ba, using

a previously determined value* of specific sur

face area Q = 3.0 m«g-1, and / = 2 x 10~* cm

s_1 was obtained. It was shown4 that for such

a low value of the crystal growth rate (//10-7

cm s_1), the microcrystals of BaSO« grow iso-

tropically and that the sorption of "Sr by

such microcrystals can be described by an

empirical equation:

, C B (Ci - O , V„

In —= In —
C'o p V

(2)

where C and C0' are concentrations of *'Sr

in the suspension at times t and t = 0, res

pectively, B is the differential coefficient of

distribution, V0 is the initial volume of the

suspension and V= V0 + to t. It can be seen

from Fig. 1 that our results for the system

BaCOs - "Sr can be fitted to eq. (2).

 

where C\ is the concentration of Ba*+ in the

solution of BaCls, C is concentration of BaCOs
Fig. 1 . Change of the concentration In aolution

aa function of exchange volume of the auipcnsion.
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The differential coefficient of distribution

of »»Sr B = (5.5 ± 0.4) x I0> ww calculated

from the slope of the straight line in Fig. 1.

This value is very close to B = 6.5 x 10*

found for the BaSO* - *»Sr system. There

fore, it seems that the penetration of 8,Sr

into the solid phase occurs according to the

mechanism of adsorption capture of micro-

impurities.5 The above conclusion is further

confirmed by an analysis of the BaCOj micro-

crystals with electron microscopy (unpublished

results). This analysis has shown no change

of crystal shapes which cculd be associated

with Ostwald's ripening. The mechanism of

adsorption capture is characterized by an ad

sorption equilibrium of 8,Sr between the solu

tion and surface monolayer 5 (Paneth mono

layer) with a relaxation time 8 = dtf < 10s s,

where d x 10~* cm is the thickness of the

sufrace monolayer (calculated from electron

microscopy data). In the course of crystalliza

tion the portion of 8*Sr Ln the monolayer

is ,,immured" by the crystallizing material.

The differential coefficient of coprecipita-

tion X could be calculated from the equation*:

X = SC/p (3)

and X = 0.12 ± 0.02 was obtained. This value

agrees reasonably well with the equilibrium

value of the coefficient of coprecipitation

k = 0.34 ± 0.05 found for the coprecipitation

in the highly supersaturated solutions2.

H 3 B O A

COPnUHJA CTPOHUHjyMA y MHKPOKPHCTAJIHMA BAPHjyM-KAPBOHATA

CJ1ABHUA BAMHTi, CJIABHUA JIA3HH H *HBOPAfl BYKOBHrB

M iiyKAtapHt HayKc ,,Eopuc Kudpin", 6. Hp. 522. 1 1001 Kiotpad

HcmmmaHi je copmwja CTpoiouijyMa mh-

KpoKpHCTaJiHMa BaCC>4 kojh cy pacjw noa

KOHTpoJincaRHM ycjioBHjwa (hmcko npecuhe&e)

KopHinheH.eM paflHoaKTHBHor 8eSr. HapanyHaT

je AHcbepeHitHjaJiHH KoecpHimjeHT pacnoaejie

8*Sr 3a paamrmrre aanpeMHHe BaCO< h no-

GHjeHa je cpe/nta Bpe/mocr B = (5,5 ± 0,4) •

• 10s. JXoSHjeKH pe3yjrraiH yKsayjy w ce.copn-

iwja CTpoHUHjy.ua omuija no MexaHH3My &n-

copnmioHor 3axBaTa.

(IlpHMJbCHO 16. jyjia 1982)
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објављује оришналне научне радове, белешке, претходна саопштења, литера-

турске прегледе и рецензије књта.

Оригинални научны радови садрже резултате оригиналних истраживања који вису

објављени. Радови се шаљу на рецекзију а прихватање рада обевезује ауторе да исте ре

зултате неће објавнти на другом месту. Обим рада не би требало да пређе 3000 речи (у про

секу 10 страница куцаних двоструким проредом).

Белешке садрже резултате краћих, али довршених истраживања или приказу)у
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белешке не треба да пређе 500 речи.
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тер захтева брзо објављивање и не треба да буду дужа од 1000 речи.

Литературеки прегледи се штампа;у на нашем језику и треба да обавесте шири круг

читалаца о најновијим достигнућима хемије и технологије. Обим чланака је ограничен

на 16 штампаних страница, одн. око 30 страница куцаног текста, ушьучивши слике и

таблице.

Рецензије књига од ширег интереса не би требало да пређу обим од 300 речи.

Ойште напомене

Рад може бити писан на српскохрватском (хрватскосрпском) или неком од следећих

сграних језика: енглеском, немачком, руском или француском. Ауторима се препоручује

да подносе радове на страной језику јер тако постају приступавши далеко већем броју заин

тересеваних колета.

Рад треба да је написан у најкраћем могуНем облику а да при томе остане јасан. У

уводном делу треба дати само најнужнији преглед раниј их истраживања и објаснити еврху

рада. Нарочиту пажњу треба посветити прецизном и јасном изношењу експерименталних

података, тако да се описани експерименти могу без тешкоћа репродуковати. Познате

методике и технике треба означити именом и литературским цитатой .

Сваки рад треба да има два извода: прпи на језику на којем је чланак писан, а други

на српскохрватском (хрватскосрпском) одн. на једном од поменутих страних језика.

Радови који по техничкој опреми и начину излагања не одговарају стилу радова

који се објављују у Гласнику, биће враћени ауторима на прераду. Стога се ауторима скреће

пажв>а да се при писању радова придржавају следећег упутства:

Ойрема рукописи

Рукопис треба доставити Редакцији у два примерка, куцан машином са двоструким

проредом. При куцању не треба користити косе црте уместо округлих заграда. Рукопис

треба да садржи све слике, дијаграме и таблице, које треба приложити на посебним листо-

вяма на крају рукописа, а у тексту означити њихово приближно место. Резултатн се могу

приказати или сликом или таблицом. Исти резултат се не може приказати на оба начина.

Не прихвата се репродуковање слика и таблица из других радова (сем у прегледним члан-

цима).

Нарочиту пажн>у треба посветити номенклатури и терминологией, које треба да

буду у складу са препорукама Интернационалне уније за чисту и примењену хемнју. Треба

се придржавати Међународног система јединица (81), како је то изложено у прилогу све-

ске 3 — 4 Гласника за 1974. годину.



Наслав рада, ако је икако могућно, не треба да садржи символе и формуле и треба

да је што концизнији. Следе имена аутора са средњим словом, па назив институције. Уз

назив града треба да ти и поштански број. Први извод долази пре текста, док други, који

такође треба да има преведен текст наслова, долази на крају испред литературе.

Математичке ознаке у тексту треба да су што једноставније. Треба на сваки начин

избегавати комбинације са индексима индекса или експонентима екслонената. Такође треба

а
тежити да се разломил не пишу у два реда, веК у једном, нпр. не — већ а/Ь. Такође тре-

Ь

ба избегавати ознаке, типа е* веК писати ехр х. Децимални зарез употребл>авати у текстовима

на нашем, француском, руском и немачком језику, док децималну тачку користити само

у енглеским текстовима.

Цртежи треба да дубу пажљиво израђени тушем на белој хартији или паусу и треба

да буду око два пута веки од клишеа који ће се израднти за штампу. Величину слова и ци-

фара одабрати тако да остану читљиви и после умањења. (Препоручују се шаблони 4 до

6 тт). Фотографии треба избегавати, а уколико су неопходне, морају бита на задово-

лавајућем техничком нивоу за израду клишеа. Не прихвата се више од б елкка или цртежа.

Литературски цитати треба да буду приложени посебно и нумерисани редом којим

се појављују у тексту. (У литературским прегледима могу се поређати и по абецеди ако то

аутор сматра практичнијим). Нумерисање у тексту треба дата арапским цифрама дигиутим

јвдан йроред изнад реда. СкраЬеницс за часописе треба узимати према СкетгсоЈ АЬитасЧ, 55,

1ј — 397) (1961). Радови се цитирају на следећи начин: Т>. С. МсКеап, Ј. Ь. Бшкап, Ь.

Вап, ЗреОгосЫт. Асы 29А, 1037 (1973). Кн.иге се цитирају на следећи начин: Ј. 5. Кош.

Нп5оп, „1лцшо!$ апс1 1ляш<1 ЛИхшгеа", Випешгопћ РиЫ. Со., 1да., Ьопйоп 1969, р. 53.

Цнтирање радова који нису доступни широј јавности, као нпр. интерних извештаја, по

правилу се не прихвата.

За радове писане на нашем језику руску литературу треба наводити у изворном

облику, док за текстове на неком од западних језика наводе треба транскрибовати (ж—гп;

х— кћ; ц—в; ч—сћ; ш—аћ; щ—аћсћ; ы—у; ю—уи; я—уа; э— е; Й— 1; ь— ').

Пошто се у часопису Уније хемијских друштава Југославије, Уицозип) Скет\са1

Рареп, редовно штампа)у проширени изводи свих радова који се појављују у југословенским

хемијским часописима, умоллвају се аутори да припреме посебно проширени извод свог

рада на енглеском језику. Обим овог текста је 1 — 2 куцане странице. Овај извод, може са-

држати и краћу таблицу, 1 — 2 слике, као и неопходне литературске цитате. Таблице и

слике не треба понавл>ати (ако су идентичне онима у главном тексту) већ само означити

које су одабране. Овде треба прикључити и списак важнијих појмова који карактеришу

допринос рада, нпр. катализа, ензимске реакције, хемин, индол, хемоглобин, оксидација

и слично.

Ради убрзања слања отисака на коректуру, потребно је назначитн којем од аутора

(ако их је више) и на коју адресу коректурнс отиске треба упутити.
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CHEMICAL BEHAVIOUR OF 5a-CHLORO-CHOLESTANE

DERIVATIVES. I.

DUSAN A. MILJKOVIC, JULIJANA A. PETROVIC and DERD J. CANADI

Institute of Chemistry, Faculty of Science, University of Novi Sad, V. Vlahoviia 2,

YU-21000 Novi Sad, Yugoslavia

(Received 28 October 1982)

Solvolysis of 3[3-acetoxy-5a-chloro-chloestane (la) in pyridine, as well as in

chlorobenzene in presence of potassium carbonate, afforded a mixture of the corre

sponding A-4 and A-5 derivatives, while 3(3-hydroxy-5a-chlorochloestane (lb) under

identical reaction conditions gave cholesterol as the only isolable product. On the

contrary, solvolysis of la in boiling methanol in presence of silver carbonate resulted

excusively in formation of 3(3-acetoxycholest-4-en (4a) in a high yield.

A study on the side chain degradation of conveniently derived sterols has

"been carried out in our laboratory for the last few years, in order to work out a method

for the preparation of steroid hormones, or useful intermediates for their syn

thesis. Thereby, we have studied most intensively a possibility of the side chain

degradation of 3(3-acetoxy-a-chloro-cholestanet (7a) by means of ozone, applying

either so-called „dry" procedure1, or oxidation in a solution. It has been earlier

shown that the 3fi-acetoxy-5a-chloro function remains unchanged during ozone

oxidation, as well as during work up of the reaction mixture2.

Parallelly with these investigations, it has been necessary to find out proper

conditions for the regeneration of the 5,6-double bond, and, in addition, to create

a method for obtaining the corresponding A-4 derivatives. It is well known that

the 5,6-double bond can be regenerated readily from the 3(3-acetoxy-5a-chloro

derivatives of steroids by heating them in aqueous methanol in presence of potassium

carbonate (followed by a hydrolysis of the ester function)3, or by heating them

in a basic solvent, like, for example, dimethylaniline4.

On the other hand, a direct transformation of 5a-chloro sterol derivatives

to the corresponding A-4 derivatives of sterols has not yet been described. A-4-

-Sterols are commonly obtained from A-5 sterols by Oppenauer oxidation of

the free 3(3-OH group, which is accompanied by the migration of the 5,6-double

bond to the 4,5-position, with the formation of a conjugated 4-en-3-one, followed

by metal hydride reduction of the 3-keto function3-5.

We have started investigations of the elimination processes referring to the

compound la, applying the standard procedure — heating of la in boiling pyri

dine, as a basic solvent. In this case exclusively a mixture of A-5 and A-4 deri

vatives has been obtained, which could not be further separated by usual methods.
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Based on the melting point diagram, connecting the melting points and the ratio

of 2a and 4a in their mixtures, we have established the ratio of the A-5 to the A-4

derivative in the above mentioned mixture as 3 : 1 .

 

2a. R = Ac

2b R m H

1a R • Ac (p»i. ttii

lb R « H

 

 

 

0CM|

ia ito v. i

Sehtmt 1

Similar results have been obtained for the solvolysis of la in boiling chloro-

benzene in presence of potassium carbonate, whereupon the ratio of 2a to 4a has

been 5:1. On the contrary, heating of la in chlorobenzene, in absence of a base,

has led to a mixture of cholesterylacetate (2a) and the diene 3.

Qui e unexpectedly, by performing the solvolysis of la in boiling methanol,

in presence of silver carbonate, 3(J-acetoxy-chlolest-4-en (4a) has been obtained

n a high yield (cca 90%), whereas o the minor by-product (which remained in

the mother liquor after crystallization of 4a) we have ascribed the structure of 5.

Finally, we have intended to study a possible influence of the functional

group in the position 3 on the course of the described elimination processes under

solvolytic conditions. Therefore, we have applied the described reaction condi

tions on 3(i-hydroxy-5a-chloro-cholestane (lb). In this case, in boiling chloro

benzene, a mixture of 2 b and 3 has appeared, whereas the heating of lb in chloro

benzene in presence of potassium carbonate, as well as in pyridine, has afforded

cholesterol (2b) as the only product. However, by heating lb in absolute metha

nol in presence of silver carbonate a complex mixture of products has been obta

ined, containing, according to TLC, seven compounds, among which 2a and 3

have been identified.

The results of the described experiments could be explained as ows:

Taking into account the interactions of the angular C-19 methyl group and the

axial hydrogen atoms at C-2, C-4, i. e. C-6 and C-8, both the elimination pro-
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ducts (the A-4 and A-5 olefin) have approximately equal theyrniodnamic stabili

ties. Thus, the nature of the final reaction products could r.ot have an essential

influence on the course of the elimination process.

On the contrary, it seems that the acidity of 4-Ho and 6-Ha has an essential

influence on the course of the assumed antiperiplanar elimination process, Na

mely, introduction of an electronegative substituent at C-3 (acetate instead of

hydroxyl), as well as a possible chelate complex formation with the Ag+-ion (Scheme

2), should substantially increase the acidity of 4-Ha, favouring the A-4 olefin

formation.

In conclusion, we have established that it is possible to synthesize directly

A-4 derivatives of sterols from the corresponding 5a-chloro derivatives by an

action of silver carbonate in absolute methanol, only in the case that the 30-OH

group is acetylated. On the other hand, for the regeneration of the 5,6-double

bond from the 5a-chloro compound, the presence of the free hydroxyl group

in the position 3 is necessary.

Infrared spectra were recorded with a Perkin-Elmer 457 spectrophotometer, and the

NMR spectra with a Varian 60 A instrument (chemical shifts are given in ppm values; sym

bols s, d, t, q and m denote singlet, doublet, triplet, quartet and multiplet, respectively),

Mass spectra were taken with a Varian CK-5 spectrometer (first number denotest the mje value,

while ion abundances are given in parentheses). Melting points were determined with a Biichi

SMP-20 apparatus and are not corrected.

3$-Acetoxy-5a-chloro-chloestane (/a)6

3£S-Acetoxy-cholest-5-en (2a, 10 g, 21.02 mmol) was dissolved in a mixture of CHCI3
(50 cm3) and glacial AcOH (50 cm3). Through this solution, cooled at 0CC, dry gaseous HC1

was bubbling till saturation (2 — 3 h). The reaction mixture was kept for 12 days in a refrigerator

at 4°. The light-brown solution was then evaporated in vacuum to dryness and the crude la was

crystallized from EtOAc (70 — 80 cm3), affording the pure 3|3-acetoxy-5a-chloro-cholestane (la)

(7.2 g, 67.1%) m. p. 150° (lit9, m. p. 151-2°). IR spectrum: 2930, 1750, 1245 and 1030 cm"1;

NMR spectrum (CDCb): 0.7 (s, 3H), 0.35 (d, 3H), 0.95 (d, 6H), 1.12 (s, 3H), 2.05 (s, 3H),

5.3-5.7 (m, 1H); (Calcd. for C29H49O2CI: C, 74.91 ; H, 10.54. Found C, 74.34; H, 10.30).

3$-Hydroxy-5a.-chloro-chohstane (lb)

The mixture of CHCb (32 cm3) and absolute EtOH (8 cm3) was saturated with dry gaseous

HC1, followed by an addition of the compound 2a (1 g, 2.36 mmol). The reaction mixture was

left in a refrigerator for 67 h, then poured into water (200 cm3) and neutralized with NaHCOa.

After drying the CHCb layer with anhyd. NazSO^ and removal of solvent in vacuum the crude

3P-hydroxy-5a-chloro-cholestane (la) (0.81 g, 83.8/f) was obtained. Crystallization from n-hexane

 

Schtmt 2
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afforded 0.80 g (82.8%) of the pure la, m. p. 165" (lk7, m. p. 164°). IR spectrum: 3400,

2970, 1470 and 1380 cm-'. (Calcd. for C27H4-OCI: C, 76.68; H. 11.12; CI, 8.39. Found: C,

76.85; H, 11.22; CI, 8.16).

Solvolysis of the compounds la and lb

a) A solution of la (1 g, 2.15) mmol in dry pyridine (100 cm3) was refluxed for 10 h, and

the reaction mixture was then poured into the ice-cold diluted (1:1) HC1 (500 cm5). The pre

cipitate was extracted with ether and, after drying with anhyd. Na2SOj, the ether was removed

in vaccuum. The remained solid (0.72 g) was crystallized from methanol-acetone (9:1), affor

ding a mixture of the compounds 2a and 4a (0.55 g, 59.8%), m. p. 99 — 102° (in ratio of 3:1).

b) A solution of 33-hydroxy-5a-chloro-cholestane {lb, 1 g, 2.37 mmol) in dry pyridine

(100 cm') was refluxed for 12 h, and then poured in a diluted cold HC1 (500 cm3). The white

precipitate was extracted with CHCI3 and the dried extract evaporated in vacuum, affording

0.77 g (84.3%) of the crude product, m. p. 126°. The crystallization from 96?i EtOH gave 0.51 g

(55.8%) of cholesterol (2b), m. p. 148°.

c) To a solution of the compound la (1 g., 2.15 mmol) in chlorobenzene (100 cm3), K2CO3

(2.5 g, 18.12 mmol) was added and the reaction mixture was refluxed for 12 h. After cooling

to room temperature, the reaction mixture was filtered through a sintered glass and the solvent

was then removed in vacuum. The resulted crude oily product after crystallization from metha

nol-acetone (9 : l)gave a mixture of compounds 2a and 4a (0.60 g; 65.2%), m. p. 105 — 110° (in

ratio of 5:1).

d) To a solution of lb (1 g,2.37 mmol) in chlorobenzene (100 cm3), K2CO3 (2.5 g, 18.12

mmol) was added and the suspension was stirred at the reflux temperature for 12 h. Thereupon

the reaction mixture was cooled to room temp., filtered and the solvent evaporated in vacuum.

The crude product (0.81 g, 88.7%) was crystallized from 96% EtOH, affording 0.58 g (63.5%)

of 2b, m. p. 147-8°.

e) A solution of la (1 g, 2.15 mmol) in chlorobenzene (100 cm3) was refluxed for 12 h.

The solvent was then removed in vacuum and the remained crude reaction mixture (0.90 g) was

chromatographed on a silica gel column (100 g. n-heaxne — acetone, 9.5:0.5), affording: 0.24 g

(30.3%) of cholesta-3,5-dien (3), m. p. 77-8° (lit.3 m. p. 78-9°) and 0.55 g (59.8%) of 3£-ace-

toxy-cholest-5-en (2a), m. p. 115° (lit.8 m. p. 115°).

f) A solution of lb (1 g, 2.37 mmol) in chlorobenzene (100 cm3) was refluxed for 12 h, and

thereupon evaporated to dryness under reduced pressure. Purification of the crude oily product

by chromatography on a silica gel column (100 g, n-hexane — acetone, 9.5:0.5) afforded 0.17 g

(19.5%) of the compound 3 and 0.60 g. (65.7%) of the compound 2b.

g) The compound la (1 g, 2.15 mmol) was dissolved in absolute MeOH (100 cm3)

in a vessel wrapped in an Al-foil and to this solution freshly prepared AgsCOs (1.5 g, 5.44 mmol)

was added. The suspension was stirred for 1 h at the reflux temperature, afterwards filtered

through a sintered glass and the solvent evaporated under reduced pressure. Purification by

chromatography on a silica gel column (100 g, n-hexane — acetone, 9: 1) afforded 0.83 g (90.1%)

of 3p-acetoxy-cholest-4-ene (,4a) m. p. 86-7° (lit.8 m. p. 86°) and 0.02 g (2.0%) of 3P-acetoxy-

-5a>methoxycholestane (5), m. p. 109°. Analytical data for compound 4a: IR spectrum: 2930,

1730, 1465, 1370, 1248 and 1035 cm~i; NMR spectrum (CDCls): 0.7 (s, 3H), 0.35 (d, 3H),

0.94 (d,6H), 1.05 (s, 3H), 2.05 (s, 3H), 4.3-4.3 (m, 1H), 5.25-5.5 (m, 1H); mass spectrum

mje: 428 (7), 386 (7), 370 (5), 369 Q0),368 (100), 353 (9), 260 (6), 255 (8), 147 (17), 145 (10),

107 (16) and 81 (22). Analytical data for compound 5: IR spectrum: 2940, 1722, 1468,1270,

1100 and 1080 cm-1; mass spectrum, mje : 430 (4), 429 (22), 428 (59), 370 (12), 369 (43), 368

(100, 353 (20), 123 (22), 95 (34).

*

The authors are grateful to the Regional Scientific Found of Vojvodina, Novi Sad, for

supporting this work.
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H3BOJ

XEMHJCKO nOHAUIAH>E 5a-XJIOPO-XOJlECTAHCKHX JEPHBATA. I.

flyiDAH A. MHJbKOBHH, JYJIHJAHA A. nETPOBITE H %WB J. HAHA.HH

HHciuuiuyui 3a xe.uujy Tlpupodito-MauieMauiuHKoi ffiaKyja&euia, ymuepauuieui y Ho»om Cady,

B. B/iaxoeuha 2, 21000 Horn Cad

HcmrniBaHH cy ycnoBH aexnflpoxjiopoBaH>a 5a-xJiopo-xojiecTaHCKHX nepitBaTa, y muty

Ao6njaH>a 5,6-, oahocho 4,5-flBocrpyKe BC3e. YTBprjeHo je aa npnpofla (pyHKiwoHajme

rpyne y nonowajy 3, nopen peaiauioHHX ycjiOBa, niwa 6irraH ynmaj Ba npHpoay npon3BOfla

ejniMHHamije. 3P-XHapoKCH-5a-xjiopo-xonecTaH (1ft) y impumury hjih XJiop5eH30J7y, y npHcycrey

5a3c, flaje Kao jeAinui npoii3B0A xojiecrepoji, aok 3P-aneroKcn-5a-xjiopo-xojiecTaH (la), iron

ucnui peaKuiioHHAi ycnoBHiwa, flaje ciwemy oflroBapajyhHX 4,5- h 5,6-ojieipHHa. C apyre cipaue,

jeflira>eH>e la y ancojiyraoM MeTaHOJiy y npiicycTBy cpe6poKap6oHaTa aaje y bhcokom npraocy

(oko 90%) HciubyMHBO 3|3-aKu.eTOKCH-xo.necT-4-eH (4a).

(IlpiiMJbeHO 28. OKTo6pa 1982)
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SYNTHESIS OF SOME NEW QUINOLINE AMINO ACID DERIVATIVES

A. M. EL-NAGGAR*, F,. S. M. AHMED, A. M. ABD EL-SALAM and

M. A. EL-GAZZAR

Chemistry Department, Faculty of Science, Al-Azhar University,

Nasr-City, Cairo, Egypt, A. R. Egypt

(Received 1 December 1982)

Synthesis of a number of |3-(2-quinolyl)acryloylamino acid methyl esters

(II— IX), p-(2-quinolyl)-a,P-dibromoacryloylamino acid methyl esters (XXVI—

—XXX) and P-[2-(4-hydroxy-6-nitro)quinolyl]acryloylamino acid methyl esters

(XXXII—XXXV) was carried out by the condensation of the corresponding acids

(I or XXV or XXXI) with amino acid methyl ester hydrochlorides in THF — Et3N

medium using DCC procedure. Hydrazinolysis of the methyl esters (II — IX and

XXXII—XXXV)in methanol or ethanol gave the corresponding hydrazides(X —XVII

and XXXVI-XXXIX) respectively. The azides from (XI -XVII) on coupling

with L-tyrosine methyl ester furnish the desired dipeptides (XVIII—XXIV).

P-(2-Quinolyl)-acryloyl-L-Leu-OMe (V) and P-(2-quiniolyl)-a,(3-dibromoacryloyl-

-Gly-OMe (XXVI) were found to be active against a number of microorganisms.

Many substituted quinoline derivatives exhibit antimalarial, fungistatic,

bacteriostatic and antihistaminic activities1-9. Recently, several acryloylamino acid

derivatives containing heterocyclic residues were reported and found to be bio

logically active10-13. These observations attracted the authors to synthesize seve

ral quinoline-acryloylamino acid derivatives (II—XXXVI, Sheme 1) which may

enhance the activity of these compounds or verify their biological action. In the

synthesized derivatives L-valine, L-leucine, L-phenylalanine and L-tyrosine were

selected for combination with three substituted quinolylacryloyl residues. This

selection is based upon their importance for exhibiting a high level of antimicro

bial activity in many polypeptide antibiotics such as gramicidin S, tyrosidines,

polymyxins and bacitracin14.

When (l-(2-quinolyl)acrylic acid (I)15-16 was reacted with amino acid methyl

ester hydrochlorides in the presence of a THF-EtsN medium using the DCC

method, p-(2-quinolyl)acryloylamino acid methyl esters (II—IX) were obtained

in high yields. Products (II—LX) were purified by repeated recrystallizations

and TLC-pure materials obtained.

In the preparation of Ser-, Tyr- and Try- derivatives (VII— IX), the coup

ling reactions did not require the prior protection of the side chain groups and

no side reactions were observed.

* Present adress : Chemistry Department, Faculty of Science, Qatar University,

P. O. Box 2713, Doha, Qatar

113



114 ЕЬ-КАСОАК ч а/.

 

СН.СН-СОй

(Сотроиш)» II -XXIV )- А

 

Н^СН-СН-СОЙ
• ■
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5сНете ]

Сотр1ете аос! Ьус1го1уз18 оГ (II) Гог 24 Ьоигз ултл 6 то1/с!пг3 НС1 ат 100е

апс! зиЬзеяиет сЬютаго^гарЬу у1еЙес1 вгуопе (шпЬуйпп г.езг).

ТЬе зггисшгез азз1{П1ес! Ю (II— IX) луеге зирропес! Ьу гЬек ектепга! апа-

1у8е8, Ш, ЦУ ап<1 ММК с!ат ап<! сотр1еге аас! Ьус!го1у815.

Ап апетрг то зуптЬедге сотроипйз (II—IX) згагоп^ Ггот р-(2-спипо1у1)ас-

гу1оу1 аас! сЫопс!е апс! апипо асЫ тегЬу1 езгег ЬуёгосЫогШез ш ТНР ог сИо-

хапе-ЕгзЫ тесИит ипс1ег спТГегет геааюп сопсипопз тег \упЬ ГаНиге апс! а

пихшге о!" сШТегет ргоёиаз \уаз оЬтатес!.

Ну<1га2шо1у818 оГ гЬе теЛу! езгегз (II — IX) т тегЬапо1 §;ауе Ле согге-

зропсИпд Ьус1га21с1е8 (X—XVII) аз сгузгаШпе зоНсй, луЫсЬ §ауе тЬе розгше Ьеп-

21сЬпе апс! зПуег ппгаге геааюпз. ТЬе зтгисшгез оГ а11 Ьус1га21с1ез \уеге у/е11

зирропес! Ьу Лек спагааепзис 1К. апс! ТЛУ зреесга.

5упгЬез18 оГ р-(2-яито1у1)асгу1оу1сЬрери(1е щеДу1 езгегз (XVIII—XXIV)

>уаз асЫеуес! згаггтв 1гот р-(2-фмпо1у1)асгу1оу1 апипо аас! Ьус1гаг1с1е5( X—XVII)

у/ЫсЬ у/еге сопуегге<1 тго гЬе соггезропсип^ агИся. ТЬе ахИез оп соирПп^

улгЬ апипо аас! тегЬу1 езгегз ГипизЬес! гЬе спрерг^ез (XVIII—XXIV), уЛисЬ

у/еге 18о1агес1 ап<1 рипПеё Ьу гереагес! гестузгаШхагюпз. А11 гЬе ргойисгз (XVIII—

—XXIV) у/еге оЬшпес! т сгузгаШпе Гогт т 50—69% у1е1с! ап<1 а11 $ауе сЬго-

таго^гарЫсаНу Ьото^епеоиз зрогз. Сотр1еге Ьус!го1у818 о!" (XIX) улгЬ 6

то1/(Ьп3 НС1 аг 100° Гог 24 Ь апс! зиЬзеяиепг сЬготагоргарЬу §ауе роите

зротз Гог ЬогЬ уаипе апс! тугозте.

ТЬе алрерТ1с!е тегЬу! езгегз (XVIII—XXIV) §ауе йеер Ыие 1 : 1 сот-

р1ехез уЛгЬ Си(П), лтах 610—650 пт.

РипЬег сопПгпдоюп оГ гЬе зггиаигез оГ гЬе сИррег^дея (XVIII—XXIV)

\уаз ргоуЫес! Ьу гЬек 1К, апс! КМК. зреегга.

Рог гЬе ргерагагюп оГ ^-(2-яшпо1у1)-<х, р-оиЬготоасгу1оу1атто аас!

тегЬу1 езгегз (XXVI—ХХХ) апс! р-[2-(4-Ьус!гоху-6-шгго)- яшпогуЦ асгу1оу1-

апипо аас! тегЬу1 езгегз (XXXII—XXXV), р-(2^шпо1у1)-а,р-сЬЪгото асгуНс

аас! (ХХу)15-16 ог р-[2-(4-Ьу«1гоху-6-шгго)яи1по1у1] асгуНс аас! (XXXI)15-16 у/аз

геааес! ш1гЬ атто аас! тегЬу1 езгег Ьус1госЫог1с1е8 1п ТНР-ЕгзЫ тесЬит

из1пд тле Г)^ " ргосеёиге. СоирНпр геаа1опз У1а гЬе сагЬо<111пи<1е тегЬос! «Иё

пог гесц" ">г рготеа10п ог" Ле 4-Ьуёгоху1 ^гоир ог" тЬе яшпо1те пкмесу

"■с! г 18 у/еге оЬзегуес!. А11 гЬе ргойиаз (XXVI—XXXV) у/еге
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оЬгатес1 ш сгузгаШпе Гогт ш 40—65% у1еИ апс! а11 §ауе сЬтоташ^гарЫсаНу

Ьото&епеош зрогз. ТЬе згшсшгез оГ (XXVI—XXXV) шеге аз81§пес! оп те

Ьа$13 оГ Ыешепта! апа1у818, ГО, апй ММК. зресгха. Сотр1ет.е Ьус!го1у818 оГ

(XXVIII ог XXXIII) 4 що1/с!т3 Н2504 аг 100° 1ог 24 Ь апс! зиозесщепт.

сЬготаш§гарЬу дауе розтуе зрел о!" уаНпе (шпЬусЬтп хезг).

ТЬе ЬусЬагЫез (XXXVI—XXXIX) \уеге ргерагес! Ьу ггеаопепг оГ те

соггезропсЬпд тету1 езг.егз ауЬЬ ЬусЬ-аггпе ЬаусЬаге т тетапо1. ТЬе рго-

с1исгз луеге рипПес! Ьу гереагес! гесгузгаШгаиопз.

Сотроипс18 (II—XXXIX) дуеге ргерагес! апс! сЬагааепгес! хог те Пгзг

гёте (сГ. ТаЫе I). ТЬе тетос!з изе<1 !ог зшйуигд те соррег (И) сотр1ехе&

аге те зате аз ёезспЪес! ш ргеуюиз рареге17.

ВМо&ссй зегеетщ гези1(з

ТЬе апйггисгоЫа1 асиутез оГ сотроипйз (I—XXXIX) \уеге гезгес! изтд

те Ьо1е р1ат.е тегЬос! апс! ПЬег рарег сизс тетос!18-21, апс! гпе гезиЬз сот

рагес! мт гЬе аспупу о!" те рагепс сотроипёз (I, XXV ап<1 XXXI). От оГ

36 5уптЬез12ес1 апс! т.езт.ес! сотроипйз оп1у (3-(2-яшпо1у1)-Ь-Ьеи-ОМе (V) зЬо\у-

ес! а тах1тит аспупу аг (М1С 0.5—10 [х§/т1) адаит ВасШиз зиЬсШз (1СС-

-згхаш), ВасШиз тустЛз (и83К) апс! ВасШиз сегеиз (ЫККЬ-В-569) апс! игаейуе

адатзт. ЕзсНепсЫа сЫг (ЫККЬ-В-210) апс! РепгсШИит екгузо^епит (250 |А&/т1).

1п асЫтоп, р-(2-дшпо1у1)-а,р-сЬЪготоасгу1оу1-01у-ОМе (XXVI) зЬотеес! тагк-

е<1 аппоасгепа! аспуку аз сотрагес! го (XXV) адатзг. ВасШиз зиЬиНз, ВасШиз

сегеиз, ВасШиз тусога'з апс! ЕзсНепсИга соК \упЬ М1С Уа1иез гап{пп§ Ггот 1 — 10

|х§/т1, апс! тасиуе ада1пзг. РетсгШит сНгузо^епит (М1С 250— 500 (л§/т1). Мопе

оГ гпе р-[2-(4-Ьус!гоху-6-шгго) ^и^по1у1] асгу!оуа1гшпо аас! ёепуаиуез зЬодуес!

апу 81§шПсат асГ1У1Гу (М1С 250—500 ^д/т1) адатзг а11 гшегоогдашзтз гезгес!

аз сотрагес! то гЬе рагепг сотроипс! (XXXI). ТЬе гетаиипд сотроипск \уеге

татуе аг гезг сопсетгагюпз (250 цд/т1).

ТЬе ргезепг туешдагюп геуеак гпаг тггоёиегюп оГ агшпо ааск апс! сЬ-

рергИез (о гЬе яшпо1у1асгу1оу1 пис1еиз 1еас!з т тапу сазез го а гетагкаЫе т-

сгеазе т тек аппгшсгоЫа1 асг1У1гу. Но\уеуег, зиЪзгмгюп т те 4- апс! 6-роз1-

110П5 оГ гЬе ^шпо1^пе пис!еиз \упЬ Ьуйгоху апс! п11го §гоирз апс! Ьус!га2то1у813

о!" те тету1 езтегз гезиЬз 1п Ыо1од1са11у 1пасг1уе сотроипёз. ОгЬег рЬагта-

со1од1са1 згисНез аге т ргодгезз.

ЕХРЕКШЕЫТАЬ

Ме1(Ш2 ро1Ш8 \уеге гесогдед 1п КоПег Ыоск апс! аге ипсоггелей. 1К $рессга (КВг»

Vшжx^пст_1) \уеге гесог^ес! оп а Сшсат ЗР 1200 зреагорЬоютегег, апё IIV $рессга (е1папо1

>т«х ш пт) оп а ип1сат 8Р 8000 8рес1горЬоюте1ег. РМК зрелга т БМЗО-дв 'л'еге гип оп

а Уапап Т-60 А 1п$(гитепг (спст1са1 8Ь1Л 1п (8), ррт) и$шв ТМ5 аз (Ье тгегап1 $1апс1аг(].

ТЬС (Я/ \-а1иез) \уаз сагпес! оис оп 8Юа/С (ВЭН), из1П8 Ьепгепе-егЬу! асегасе (1 : 1) аз зоК-ет

зузтет апс! ап 10<11пе-ро(а8$1ит 1о<1Ше (20%) ог <Л1ого8и1рЬотс аас1-асе[1С асМ (1:3) т1х(иге

аз десес110п геавет. Веп21сИпе, птпусЫп, зИусг ш(га(е апс! Ьудгохатаге геас(1опз «геге изес!

Гог (1есес(>оп о{ шипо аай <1епуаиуе$ оп ^пагтап N0. 1 рарег сЬготаювгатз (зро! геасиопз).

ТЬе е1ес(горЬоге[1с тоЬШС1ез (В) \уеге тсазигеё оп ^СЬа1тап N0. 1 рарег, ш(п 1000 V, 2 Ь,

т руп(Ипе-асе[а(е ЬиЯег (рН 5.6). Ор11са1 го(а(юпз [а]" \уеге гакеп 1п а 2с15з ро1аг1тс«ег

{с — 3), 1 с!т гиЬе 1п (Ье зо1уепи: (А) = е(папо1 апс! (В) = асеюпе (с{. ТаЫе 1).

$-(2-Ои1по1уГ)асгуИс асИ (/) ^аз ргерагес! ассогсипв го гЬе ргосеёиге йезспЬеа" 1п 1Ье

И1егашге15,1в.
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Сепега1 ргосеДиге /ог $уп1кеш о/ $-(2^шпо1у1)асгу1оу1ат1по асИ те1ку1 еНеп (II— IX)

То а 8о1и11оп о{ апйпо аас! тегЬу1 евгег Ьус1госЫопс1е (0.003 то1) 1п ТНР (20 т1) у«в

асМей те1Ьу!апипе (1 т1). ТЬе зо1ииоп ^аз зиггей Гог 30 Ш1п а1 20° ап<1 соо1сс1 Ю 0°. ТЬс
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ргеетрйасес! тесЬу1атте Ьу<1госЫопс1е «газ ГШегей огТ апс! ууазНсс! \укЬ ТНР (5 ш1). То 1Ье

Шпаге а( 0° шеге лййей а 8о1и1юп о!" Р-(2-яшпо1у1)-асгуНс аск! (I, 0.0025 то1) т ТНР (20 т1)

ляЛ (Нсус1оЬеху1сагЬодигш(1е (0.0025 то1). ТЬе геасйоп \уаз а11о\уес1 (о ргосеей: (1) Гог 2 Ь ас
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0° «аЬ 511гпп8; (II) Гог 12 Ь а! 0°; (Ш) Гог 24 Ь ас гоош сетрсгасиге апЛ (Ь) Гог 2 Ь ас 10°—

ТЬе <Нсус1оЬеху1игеа «аз геточеё Ьу ГНсгасюп апа 1Ье зоКепс е\арогасеа го агупезз шюег—

гсаисса ргеззиге. ТЬе ге$1с1иа1 тасепа1 «а» гесгузСаШгеа Ггот есЬапо1 ог е!папо1-«аСег-

(1:1) пихсиге. ТЬе ргоаиссз (II -IX) «еге зо1иЫе т ЭМЗО, а1соЬо1з, рМР, аюхапе апЛ'

гйСготесЬапе ап<1 тзошЫе т «асег, есЬег апа ресго1еит есЬег. ТЬе тасепаЬ «еге сЬготасо— -

ВгарЫсаЦу Ьотоеепеоиз «Ьеп аеуеЬреа «иЬ юЛпс зоЬшоп, ЬепгкНпе ог сЫоговЫрЬотс -

ааа-асеИс лай (1:3) гтхгиге. МтЬуапп сезсз «еге певате. Е1ессгорпогеис тоЪШиез (Я>

Гог сотроипаз II —IX ■= гего.

ТЬе 1К зрессгит оГ ВЧ2-чшпо1у1)асгу1оу1-С1у-ОМе (II) зЬо«еа сЬагасСепзис Ъапа»-

ас: 3140, 3080 ОШ апа Ю; 1660, 1550, 1340 (атк1е I, II апс1 III); 1760, 1420, 1340 (СООСНз) ;

2880,2800,2720, 1720, 1420, 1320 (-СН»- апа -СН-СН-) япЛ осЬег сЬагасСепзис ЬапсСз-

с!ие (о яшпо1у1 ап<1 атто лай пкмеиез. ТЬе 1)У зрессгит оГ (II) зЬо«еа (1ов »): 225 (4.24);
270 (3.16) апс1 315 (3.49) сЬагассспзис оГ 1Ье яшпоНпе пипесу. ЫМК зрессгит оГ (II) т

Г)МЗО-а« зЬо«еа: 7.30, 7.43,7.62,7.68,8.00, 8.10 (еасЬ з, 1Н, 6Н яшпоНпе ргосопз) 6.15,-

5.18 (з, 2Н, асгу1оу1 СН -СН); 2.38 (з,ЗН,ОСНз); 3.46 (з, 2Н, СНг), апй 7.84 (з, 1Н,КН).

Сжепега! ртосейиге /ог /унЦшй о/ $-(2-<ги1по1уГ)асгоу1атто аси куАгагиШ {Х—ХУП)

А зошСюп оГр-(2-яшпо1у1)асгу1оу1атто а«а тесЬу1 езсег (II - IX, 0.001 то1) т тесЬапоИ

(35 т1) апс1 Ьуагахте Ьуагасе (85%, 0.005 то1) т те(Ьапо1 (20 т1) «аз ПгзС кер! Гог 24 Ь ас 0=

лп<Л сЬеп Гог апо(Ьег 24 Ь ас гоот сетрсгасиге. ТЬе сгузСаШпе ргодис! «ЫсЬ «аз зсрагасесГ'

{тот сЬе пихсиге «аз соиесСеа, «азЬеа «йЬ соШ тесЬапо1 апа гесгузсаШгеа Ггот есЬапо!.

ТЬе Ьуагаг^ез (Х-ХУИ) «еге Гоила ю Ье Ьотоеепеоиз (ТЬС- апс! РС изте юеНпе зо1и110п^

ЬспхкИпс ог сЫогозЫрЬошс аай-асеис ааа (1:3) пихсиге аз сЬе зргау геаеепг), апд зЬож'есГ

ле^ат-е шпЬудпп апа Ьуагохатасе геасиопз.
ТЬе 1К зрессга оГсЬе Ьуа^аез (Х-ХУН) ехЫЫсеа Ъапаз ВС: 3430, 3140, 3070 (МНг,

1Ч1Н,Ы апа СОЫН); 1650, 1540, 1360 (аггиае 1,11 апа III); 1670, 1420 (-СН =СН ) ат!

охЪст спагассеНзСн: Ъапаз аие го ^и^по1у1асгу1оу1- ала атто ааа гез1аиез. ИУ зресгга оГ

(Х-ХУИ) зЬо^еа (1о8 с): 228 (4.50); 270 (3.18) апа 315 (3.46) сЬагааепзис оГ 1Ье яи1по1ше

<?епега1 ртосеЛите /ог $уш1ш1$ о/ $-(2-чшпо1У1)асгуШрер1й1е те1ку1 ешп (XVIII-XXIV)

ТЬе атто айа Ьуагаг^ае (Х-ХУИ, 0.005 то1) «аз а13зо1\еа т а т1Х1иге оГ ассйс асг«Г,

(8 т1), 5 то1/атз НС1 (2 т1) апа «аГег (20 т1) апа соо1еа го -5е. Зоашт Ш1пм (0.56 %) ш

-у^глгст (4 т1) «аз аааеа апа 1Ьс т^хшге зиггеа Гог 10 т1п а( 0° ю -5°. ТЬе аг1ае «аз ргестр!-

-жзшХ-са аз а зугир апа ех1га«еа «11Ь со1а егЬу1 асеше (50 т1) апа 1Ье ех(гас1 «азЬеа 8иссеззКе1у

^'^уш"' зсх11ит ЫсагЬопаи (3%), «агег апа ЬпеПу апеа (Ыаг504). Сотроипаз XVIII-

1 г р,гераге<1 ЬУ 1пе *Ьй1кт оГе1Ьу1 асеигс зо1и1юп оГ 1Ьс аг^ае ю а соЫей (-5°)
во1ич™ о1 1пе Ггее атто ааа те:Ьу1 езгег (ргерагеа Ггот 0.006 то1 оГ 1Ье ат1по аай те1Ь\П

^.С1Г пУагосм°пае апа 0.9 т1 1пе1Ьу1ат1пе) апа кеертв 1Ье геааюп ткшге Гог 6 Ь аг 0° апа

гг^* " " гоот 1стрегатге. II «аз «азЬеа зиссезз1Уе1у «кЬ НС1 (0.5 то1/ат3), «а1ег, зсашт

а1 са^ооп«е (3%) апа «агег апа йпсй ЩагВОА. ТЬе зоКет «аз гето\еа апй гЬе ге-

^жс1«а1 такпа! гесгу51а1НгеаГготе1Ьапо1-«а1ег (1:1) т1хШгс. А11 а1рерпаез (ХУ111-ХХ1У)

„Х. ^ пото8епеоиз (Т1Х вау-е мп81е зро1 «11Ь Ъсп^ате ог ^оа^пе зо1и11оп) апЛ

^ ?«Г^ = гего °Х,иПа1е геас1'оп- Е1е«горЬогеис тоЫЦЦез (Е) Гог а11 а;рериаез (XVIII-

—<Зг4Н Ы)$Ре1Сй7о °Г. ~тР°«п<18 (ХУШ-ХХ1У) зЬо«еа Ьапа$ аи 3140, 3120, 3080 (МН„

^0,17» (Жо^^А*1" ЬП апа III), 2880, 2800, 2720, 1720 (-СН^СН-);

чшпоМ ат.и' 1760. ) 720, 1430, 1320 (СООСНз) апа о1пег сЬагааепзис Ьапаз аие-

^с^еа (Ье «)■ гУЙч ^рийе г«!аи"- "V зреага оГ сотроипаз (XVIII -XXIV)

^ сотроипаз (ХУ1И-'^м,Л(3-38) апс1 315 (3-89) (ЯШпоИпе то^егу). ТЬе ЫМК зрес1га:

я! агоипа 8- 7 \1пл1 сЬагааепзйс сЬет1са1 зЫГгз Гог «Ье цшпоЬпе ппв ргоюпз

18 апа о1Ь^г ' 7-62' 7-86' 8-°° ап<1 8.10; апа гЬе асгу1оу1 ргоюпз а1 6.15:

I гогопз сЬагас1епзпс оГ а1рериае аеп\аиуез.
 ■жяияАв агоипа 8: 7.32,7.45, 7.62, 7.86,8.00 апО 8.ш: *»

гсЛ апа огЬег ргоюпз сЬагасгепзис оГ а1рерйае аеп\апуез.

2^1^У^№ЬтотоасгуПс оси! (ХХУ^ агЛ о,2.{4-Ьуагсху-6-т1го)яиию1у1]асгУи

ТЬе игЫ сотроипаз «егс ргерагеа ассогЛпг со сЬс ргоссаигез аезспЬеЙ еагИег'5-"..

- Л,1; {2<4-кУ^^-6-птоУ,шЫУ1]асту1ох1атто асЫ тлНу1 иип (XXXII- XXXV}

.-Л.2"С<и!по1У1)-1,Р-а1ЬготоасгуНс *аА (XXV г> ПП1 тоГ) ог В-12-(4-Ьуагоху-б-п«го)яшп-

^ЭгИ-сгуЬс аса (XXXI, а»1 ЗыЖ!55«« 1,у<1госЫопас (0.0012 то!)
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-»еге сиззоК-ей ш ТНР (40 т1) ог ш а пихсше о( ТНР (30 ш1) апс! БМР (10 т1), сошашшв

тпетЬу1атте (0.0013 то1). ТНе пихшге \уаз соокй ю 0°, (Исус1оЬеху1сагЬск1игш<1е (0.001 1 то1)

а&йеб апй гНе геасиоп т1хгиге з11ггес1 Гог 3— 4 Ь а1 0° апс! 1еЛ !ог 24 Н а! 0' апс! Гог апогНег

24 Ь а! 20°. ТНе ргеаркасес! сИсус1оНеху1игеа \уаз Шхакй оГГ, асегк аас5 (0.5 т1) шЛйсЛ, те

геасиоп пйхгиге Пиегес! а$влп апс5 гНе зо1уеп1 гетоуес! т уасио. ТНе гез1(1иа1 та(епа1 шаз

гесгузгаШгео1 ггот есНапо1 ог егпапо1-\уа1ег (1:1) пйхгиге. ТНе ргоёисгз (XXVI—XXX апс!

XXXII—XXXV) \уеге ТЬС-риге *Неп с!еуе1орес! тгН 1схипе, ЪепгкНпе, сН1огози1рНошс

аад-асейс лай (1 : 3) пихшге ог Нудгохатаи геасгкт, вауе а пееайуе гипНуёпп гезг. Е1есгго-

рНогейс тоЪШиез (Я) Ьг сотроипск (XXVI-XXX апс! XXXII -XXXV) = гего.

ТНе 1К зресхга оГ сотроипаз (XXVI -XXX) 8Но\уеа Ьапйз ас 3340, 3160, 3080 (ЫН,

СОМН, г4); 1650, 1550, 1360 (атИе I, II апс! III); 1760, 1420, 1360 (СООСНз); 2880,

2760,2720, 1720, 1670 (-СН-СН-, СН», СН*); 780, 690, 650, 620 (Вг), ап(1 огНег Ъапаз

спагасгепсис оГ цшпо1у1 апс! атшо асШ гез1с!ие8. {.IV зресгха о{ сотроипйз (XXVI —XXX)
■зНоигеа (1ов е): 226 (4.33), 275 (3.98), апа 316 (3.88) (снипоНпе то1егу). ТНе ЫМК зресйа

оГ сотроипдз (XXVI—XXX) Над сНагаОепзис сНеписа1 зЫЛз !ог те яшпоНпе ргоюпз

■сетегеа агоипй 8: 7.35, 7.49, 7.60, 7.69, 8.00 апй 8.15; ше (-СН-СН-) ргоюпз а! 3.42

ап<! 3.48; гНе (МП) ргоюпз а! 5.89; {Не езгег (СООСНз) ргоюпз а1 2.37 апа ошег

ргоюпз сНагас(епзис оГ гНе атшо ас1с! ге81с!ие8.

ТНе 1К зресгга о{ сотроипёз (ХХХП-ХХХУ) зНои-еа ЬапЙБ ас 3440 (ОН);

3360, 3120, 3080 (ЫН, СОЫН, Ы); 1650, 1560, 1320 (атМе I, II апс! III); 1760, 1720

(>С= 0); 1760, 1720, 1410, 1360 (СООСНз); 1740, 1540, 1400 апс! 1260 (Ж)2) апс! оШег

-сНагасгепзпс Ьапаз с!ие ю яшпо1у1 апс1 атшо аас! гезМиез. ТНе XIV зресгга оГ сотроипаз

(ХХХИ-ХХХ\0 зНоугеа (1ов е): 229 (3.86), 282 (4.11) ала" 318 (3.98) сНагасЮпзпс о!

«Не чишоипе пкиегу. ТНе ЫМК зреага оГ сотроипаз (ХХХП-ХХХ\0 8Ноу/е<1 8; 7.26,

7.61, 7.68 апс! 8.05 (8, 4Н, яшпоипе ргоюпз); 6.35, 5.18 (з, 2Н, асгу1оу1 -СН=СН-);

2.38 (з, ЗН, ОСНз); 9.86 (з, 1Н, ОН); 5.96 (з, 1Н, ИН) апа отег ргоюпз сЬагас1епзйс

■о{ (Не ашшо аск! гезкшез.

Сепега! ргосейиге {от ;уп1Не$1$ о/ $-[2-(4-Ъу<1гоху-6-т1го)-оигм1у1\асгу1оу1ат1по асхд. ЪуйгагШ!

{XXXVI-XXXIX)

ЕасЬ оГ (Не те(Ну1 езКг дег1уа11уез (XXXII -XXXV) (0.01 то1) \уаз ё1ззо1уес1 ш

аЬз. етапо1 (35 пи) апд Нудгагте Нуёгаге (85%, 2.5 т1, 0.05 то1) яййей. ТНе геас(10п

тшхгиге «газ згитес! Гог 3—4Н апй 1егс Гог 24 Н аг 0° апд гог апогНег 24 Н аг гоош 1етре-

гашге. ТНе сгузгаШпе ргойисгз (XXXVI—XXXIX) \уеге Пкегед, луазНес! тгН соИ етапо1,

луагег апй гесгузЫНгес!. ТНе рго^иЛз \уеге сптотаЮ^гарЫсаПу Нотоеепеоиз (с1е1ес1юп

"«агН Ьеп21<Ипе ог сН1ого8и1рЬоп1с ас1с1-асе11с ааб (1:3) т^хшге) апй %а\е а роз1Г1уе зИуег П1-

ггасе геасх1оп.

ИЗВОД

СИНТЕЗА НЕКИХ НОВИХ ХИНОЛИНСКИХ ДЕРИВАТА АМИНОКИСЕЛИНА

А. М. ЕЛ- НАГАР, Ф. С. М. АХМЕД, А. М. АБД ЕЛ-САЛАМ и М. А. ЕЛ-ГАЗАР

Хсмщски одсеку Природно-машемашички факулшеш, Универзишеш „Ал-Азхар", Наср-сиши,

Каиро, Егийаш

Синтеза веНег 6ро]°а метил естара (3-(2-хинолил) акрилоил амино киселине (И — IX),

Э-(2-хннолил)-а,Р-дибромо-акрилоил амино киселине (XXVI — XXX) и (3-2-(4-хидрокси

-6-нитро)хинолил акрилоил амино киселине (XXXII — 222V) )е извожена кондензаци>ом

одговара)уНих киселина (I или XXV или XXXI) са хидрохлоридима метил естра амино

киселине у ТНР-Е1,Ы меди)уму примен>у)уЬи БСС процедуру. Хидразинолизом метил

естара (II — IX и XXXII—XXXV) у метанолу или етанолу доби)ени су одговара)уНи хидра-

зиди (Х-Х\а1 и XXXVI-XXXIX). Спрезан>е азида из (XI -XVII) са метил естром

Ь-тирозина дало )е жел>ене дипептиде (XVIII— XIV). На^ено )е да (3-(2-хинолил)-акри-

лоил-Ь-Ьеи-ОМе (V) в Р-(2-хинолил)-а,Р-диброме-акрилоил-С1у-ОМе (XXVI) ашивно

делу)у против веНег бро^а микрооргакизама.

(Примл.ено 1.децембра 1982)
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Two configurational isomers of the androstane epoxides: 16a,17a-epoxy-

-5a-androstan-3-one (I) and 16pi,17(3-epoxy-5a-androstan-3-one (II) were subjected

to microbiological hydroxylation using the microorganism Curvularia clavata Jain.

Several products with hydroxyl groups in 5a, 6a, 7a, 14a and 15|3 positions were

isolated and identified. Most of the isolated substances have not been previously des

cribed.

In examining the effects of the structure on the acceptability of steroidal sub

strates, we have subjected two androstane 16, 17-epoxides to the microorganism

Curvularia clavata Jain, which is known to hydroxylate steroids. Previous results1

have shown that the epoxide in the A ring is a good „binding point" of the steroid

to the enzyme.

In this paper we describe our results in microbial hydroxylation using the

steroid derivatives with the epoxide in the D ring, i. e. using isomeric 16a,17a-

-epoxy- and 16(3,17|3-epoxy-5a-androstan-3-one as steroidal substrates.

The enzymatic transformation of the substrate 16a,17a-epoxy-5a-androstan-

-3-one (I) performed by C. clavata Jain gave rise to a mixture of several products.

Two substances were isolated, and the results are given in Fig. 1 .

The product (III) was obtained by direct crystallization of the crude chloro

form extract. It appears to be a nonsteroidal molecule, with the molecular formula

C12H12O5. The structure of this substance has not been elucidated so far.

Chromatography of the mother liquor, after crcystallization of (III), affor

ded the starting substrate, and just one transformation product in the pure form

and quantity which was sufficient for structural elucidation. It was 16a, 17a-

-epoxy-androstane-3a,5a,6a-triol (IV), in 2.2% yield. There is a broad band

in the IR spectrum of this substance, with the absorption of the hydroxyl group

at 3460 cm-1. In the same spectrum there is no band for a carbonyl group. The

NMR spectrum was recorded in DeDMSO, and confirmed that the epoxide

was still intact (signal at 8 3.07). The broad signal (at 4.38) for the protons geminal

to hydroxyl groups support the existence of two secondary alcohol functions.

* For Part VIII see Ref. 1.
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Tig. 1. Substances produced by enzymatic transformation of 16a,17a-epoxy-5a-androstan-3-one

(I) by C. clavata Jain

These observations were further supported by the mass spectrum, corresponding

to the molecular formula C19H30O4. The acetylation of (IV) gave the correspond

ing diacetate: 3a,6a-diacetoxy-16a,17a-epoxy-androstan-5a-ol-3-one (V). The

IR spectrum of the diacetate (V) still exhibits the presence of a hydroxyl group

(the band at 3620 cm-1). NMR showed two 3 proton acetyl singlets at 2.00 and

2.10. The downfield signals correspond to the protons geminal to epoxy ring

(3.12 and 3.34), as well as to the acetoxy groups (4.70). All these spectral data,

as well as data provided by chemical shifts for angular methyl groups in the NMR

(see Table I), lead to the conclusion about the positions of two newly introduced

hydroxyl groups. None of the substances (IV) and (V) have been previously de

scribed.

TABLE I. The positions of proton signals from angular methyl groups of steroidal substances

obtained by microbial transformations of isomeric 16,17-epoxy-5a-androstan-3-ones (I) and (II).

The positions are given in Hz for a 60 MHz apparatus2-4

Substance V VI IX X XI

C-19 C-18 C-19 C-18 C-19 C-18 C-19 C-18 C-19 C-18

5a,14a-androstane 47.5 41.5 47.5 41.5 47.5 41.5 47.5 41.5 47.5 41.5

16a,17a-epoxy 0.5 25.0 / / / / / / / /

16p,17p-epoxy 1 / -1.5 7.0 -1.5 7.0 -1.5 7.0 -1.5 7.0

3a-OAc 1.5 1.0 / / / / 1.5 1.0 / /

3a-OH 1 / 2.0 0.S / / / / / /

3a-OAc 1 / / / 3.0 0.5 / / 3.0 0.S

5a-OH 3.5 0.5 / / / / / / 3.9 0.5

(11.0 0.5)

6a-OAc 2.5 0.5 / / / / / / / /

7-keto / / 16.5 0.5 16.5 0.5 / / / /

7a-OAc / / / / / / / / 0.5 0.0

14<x-OH / / 0.0 7.0 0.0 7.0 / / / /

15P-OAC / / / / / / 0.0 4.0 / /

Calculated : 55.5 68.5 64.5 56.5 65.5 56.5 47.5 53.5 53.0 49.5

Found: 58.5 70.0 62.5 55.0 62.0 55.0 48.5 50.0 53.0 51.0
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The stereoisomeric 16fS-,17fi-epoxide (II) was submitted to the microbial

Transformation with the same strain of the microorganism C. clavata. All the

products isolated and identified are presented in Fig. 2. The isolation and separa

tion procedures applied, and the identification of the substances obtained were

essentially as above.

 

0% recovered SUBSTANCE (III)

3.7%

 

Fig. 2. Substances produced by enzymatic transformation of 16P,17p-epoxy-5a-androstan-3-one

(II) by C. clavata Jain

The non-steroidal substance (III) was obtained by crystallization, as above,

in 3.7% yield.

All other products of this transformation were obtained by column chroma

tography. The first product eluted from the column was the substance (VI), iso

lated in 4.2% yield. The IR spectrum of the substance shows the presence of

a broad and intense band for a hydroxyl group at 3300 cm-1, and a band at 1720

cm-1, for the carbonyl group in a six membered ring. NMR exhibits the presence

of two protons (under) in an epoxy (at 3.28 and 3.67), and a complex doublet

at 3.19 corresponding to the 15 protons. The chemical shift is due to the epoxy

ring on the C-7 carbonyl oxygen. The molecular ion in the mass spectrum was

at mje 320, which corresponds to the formula C19H28O4.
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ТЬе асету!атюп оГ (VI) $гауе тЬе согтезропат^ топоасетате (IX). ТЬе

1К зрестгит оГ тЬе топоасетате згШ еЬх1Ытз тЬе ргезепсе оГ а Ьуагоху1 ртоир,

\у«Ь тЬе ас!с!топа1 Ьапёз ах 1 720 апс! 1 230 ст-1, Гог гЬе топоасетате. 1п ЫМК

оГ тЬе зиЬзтапсе (IX) тЬеге 15 а зт^1ет Гог тле асетате (а* 2.08).

АН тЬезе зрестга1 с!ата, аз \уе11 аз тЬе с1ата ргоУ1<1ес1 Ьу сЬегшса1 зЫГтз Гог

ап§;и1аг тетЬу1 {$гоирз т тЬе КМК. (зее ТаЫе I), 1ес1 то тЬе Гогти1атюп оГ а Ьу-

с1гоху1атюп ргосшсг: Зр-14а-(ИЬу(1гоху-1бр,17р-ероху-5а-апс1го5гап-7-опе (VI),

апё тЬе асетате: Зр^асегоху-16(М7(^-ероху-14а-Ьус!гоху-5а-апс!го5Тап-7чте (IX).

КекЬег (VI) пог (IX) Ьауе Ьееп ёезспЬес! зо Гаг.

ТЬе зесопс! ргосшсг оЬгатес!, т 1% у1е1с1, >уаз зиЬзтапсе (VII), \уЬозе

зрестга1 апс1 огЬег с!ата роттес! то тЬе За, 15р-сЬЬус!гохуЧ 6(3,1 7(3^гюху-5а-апс!го-

зтапе. ТЬе Ш зрестгит оГ тЬе зиЬзтапсе (VII) зЬомге тЬе ргезепсе оГ а Ьгоас!

Ьап(1 Гог Ьус1гоху1 аг 3460 ст1, апс!, аз тЬеге 18 по 31дпа1 Гог гЬе сагЬопу1 егоир,

тЬе гейисиоп оГ С-3 сагЬопу1 тоок р1асе. КМК ТЬе зрестгит \уаз гесогс1ес1 т

БбОМБО, зо тЬат тЬе рагт оГ тле 81§;па18 оГ тЬе рготопз Ггот тЬе ероху пп^ «газ.

соуегес! луЬЬ луатег ргогоп 81&па1$. Нолуеуег те ёоиЫет ат 8 3.15 зЬо\уес! Лаг.

те ероху пп& ^аз пог орепес!. ТЬе то1еси1аг юп т тЬе тазз зрестгит \уаз аг

тп/е 306, луЫсЬ соггезропйз то тЬе Гогти1а С19Н30О3. ТЬе асегу1атюп оГ (VII)

&ауе За,15^-шасетоху-1бр,17р-ероху-5а-апс1гозгапе (X). ТЬе 1К зрестгит оГ те

асетате (X) зЬо\уес! по Ьапёз Гог тЬе Ьус1гоху1 §гоир, Ьит тЬеге аге Ьапаз ат 1 750

апс! 1245 ст-1 Гог тЬе асетатез. Т\уо тетЬу1 з1$та1з Ггот асетатез т ЫМК. аге

аг 8 2.06 апс! 2.18. Ргот ТЬе ЫМК к \уаз розз1Ые то сопс1ис1е гЬаг тЬе ероху

пп& \уаз 81111 ргезепт т гЬе то1еси1е, Ьаут$; тЬе сЬагастепзис то рготоп тши-

р1етз ат 8 3.18 апс! 3.47. ТЬезе зиЬзгапсез Ьауе пот Ьееп ёезспЬес! зо Гаг.

ТЬе 1азт, апё тЬе тозт ро1аг зиЬзтапсе 18о1атес1 Ьу сЬготатодгарЬу, т 2.5%

у1еШ \уа? 16(1,17р-ероху-апс!го8Тапе-Зр,5а,7а-ггю1 (VIII). ТЬе 1К зрестгит зЬо\у-

ес! тЬе ргезепсе оГ а Ьгоас! апс! сотр1ех Ьускоху! Ьапс! ат 3400 ст1, Ьит «гкЬ

по Ьапс!з Гог тЬе сагЬопу1 ^гоир, \уЫсЬ \уаз ргезепт т тЬе зтагип^ татепа1. ММК

ехЫЫтз тЬе ргезепсе оГ пуо рготопз т ап ероху пп^ ат 8 3. 14 апс! 3.58. ТЬе огЬег

51епа1з соггезропс1 то тЬе рготопз ветта1 то тЬе Ьус!гоху1 §гоирз. ТЬе тазз зрестгит

аз \уе11 аз тЬе е1етепта1 апа1уз1з зидцезт тЬе Гогти1а С19Н30О4. ТЬе асегу1аиоп

оГ (VIII) &ауе тЬе соггезропсНп^ сЬасетате: Зр,7а-шасетоху-1бр,173-ерохуапс1го-

згап-5а-о1 (XI). ТЬе зрестга1 с!ата оГ тЬе асетате, аз \уе11 аз тЬе с1ата Ггот ТаЫе I

Гог сЬеписа! зЫГтз Гог тЬе тету1 {*гоирз т тЬе ЫМК зреагит зи^езгес! тЬат

тЬе зтгистигез оГ тЬезе зиЬзтапсез \уеге (VIII) апс! (XI), пепЬег оГ \уЫсЬ аге

кпо\уп сотроипёз.

ТЬе гезиЬз \уе оЬга1пес1 1п тЫз \уогк зЬо\у тЬат ЬотЬ 16,17-ерох1с!е8 \теге

зизсерт1Ые то тЬе т1сгоЫа1 тгапзГогтатюп Ьу С. с1юаш ]а1п, акЬои^Ь сегтат

сЬГГегепсез ех18Т Ьетлуееп а- апё ^-1зотегз. 1п ЬотЬ сазез Ьус1гоху1аТ10п тоок р1асе,

Го11о\уес! Ьу тЬе геёисиоп оГ а сагЫопу1 ргоир, ^уЫсЬ 18 ап тскрепёепт ргосезз5.

ТЬе а ог р опептаТ10п оГ 16,17-ерох1с!ез аГГеаес! тЬе гезик оГ Ьуагоху1а-

Т10п: а-1зотег §1У1П§! )изт тЬе Ьус!гоху1аТ1оп Ггот тЬе а 81с!е (IV), апс! ^ 1$отег

§1Ут2 ргоёисгз оГ Ьус1гоху1ат1оп \уЬЬ Ьус!гоху1 §гоирз оп ЬотЬ 81с!е8 оГ тЬе зтего-

1аа1 то1еси1е (VI), (VII) апа (VIII).

ЕХРЕКШЕЫТАЬ

Ме1ппе роштз (ипсоггес(её) жеге 1аксп оп а ВисМ теШпе ро!п( аррага(и$. 1пГгагед

врес(га цгеге гесогдес! (111 КВг ре11ет$) оп а Регкш-Е1тег зрес(горЬо1оте(ег Моде1 337. КМК

вресгга луеге Де1сгт1пед \у1гЬ а Уапап А-60, и$1пк СБСЬ (ипкзз з(а1ес1 оЛепияе) а$ 8о1уеп[>
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\пгЬ ТМЗ аз 1п{егпа1 згапаагс!. Мазз зресиа \уеге гесогоео1 оп а Уапап-МАТ СН-5. 0р11са1

гоСасюпз \уеге Лсгсггшпеё ш 1 % зоктоп, оп а Регкт-Етлег Моае1 141 МС. Рог гЬе гтсгоЫа1

гхапзГогтагюп а Вгип8\укк ЗаеппПс Со. 1пс. Мос1е1 Р5-607 Гегтепгог «аз изсб!, рго-

\ 1с1ед \укЬ 81Х сопЫпегз, еасЬ Ьаут^ а изеГи11 уоште оГ 3 1кегз.

Регтепшюп сопШиопз апй зерагайоп ргосесшгез аррИей Ьеге аге аезспЬео! т воте

ргелйоиз риЬисаиопз'.

16а,17а-ероху-5а-апаго81ап-3-опе (I) Ьа8 Ьееп зутЬеигес! ассогате 1о 1Ье аезспЬес!

ргосеаиге7. ТЬе зуп1Ьсз18 оГ 1Ье 1бр,17(3-ероху-5а-апаго81ап-3-опе (П)Ьаз по1 Ьееп аезспЬес!

зо Гаг. 1г \уаз таае Ьу ап ох1аа1юп оГ 16(3,17Р-ероху-5а-апагоз1ап-3|3-о18 Ьу 8агеИ'з геа§етч.

ТЪе згхисшге оГ 1Ье оЬгатеа ргоаисг 1бр,17Р-ероху-5а-апаго81ап-3-опе (II) \уаз евитагес!

Ъ\- зресгга1 ааи. М. Р. оГ 1Ыз 8иЬз1апсе (II) 18 160-16ГС, апа [а]>° = 5Г (с = 1.02,

сна»).

РегпипШ1<т о/ 16а,17а.-ероху-5а.-апйго!1ап-3-опе (/)

ТЬе епгутаис сот-егзюп оГ 2.0 % 16а,17а-ероху-5а-апаго81ап-3-опе ргесееаес1 аиппа;

24 Ь аш! е;ауе 1.8 % оГ а сгиае ргоасш, оЬгатей Ьу СНС1з ехггашоп. ТЬе ехггасг теаз сЬгота-

:о§гарпЫ оп 55 в оГ зШса-ее1 (Мегск, 0.05 — 0.2 тт). ТЬе со1итп \уаз раскес! т Ьепгепе,

апс! гЬеп е1и1еа Пге! чгкЬ Ьепгепе, апА 8иЬзедиеп11у гпе гшхгигез оГ Ьепгепе япА есЬег, 1пе

регсепОДе оГ гЬе 1аПсг Ьетв тсгсазес! ир Ю 40%.

Екшоп \укЬ 5% егЬег т Ьепгепе дауе 100 т§ оГ ипгеас1ес1 81агПп{; та1епа1 1 6а, 17а-
-ероху-5а-ап<1го81ап-3-опс (I). ТЬе т. р. оГ 1Ье гесоуегес! та1епа1 теаз 152— 153СС, апс!

гЬе 1К зресггат \уа8 1скписа1 \укЬ :Ье зресггит оГ ап аи(Ьепис ватрк.

Ву ГиггЬсг е1ипоп 45 тв оГ 16а,17а-ероху-апагоз1апе-3а,5а-,6а-1по1 (IV) \\аз 15о1а1сс1.

КестузиШгайоп Лот асегопе а риге 8атр1е \\'38 оЬ1Я1Пес1 ГП. р. 220°С. 1К. Vта^^ • 3460 сгп
ХТМК (ш Б.-БМ50) ррт (8): 0.98 (ЗН, 8) {гот С-18, 1.00 (ЗН, 8) Лот С-19, 3.07 (1 Н, А)

Лот 17а рояшоп, 4.38 (4Н, т), 5.36 (1 Н, т). Ма88 зресггит: М+ а1 т\е 322 (30%), апа огЬег

1уР1са1 юп8 а1 т/в 304 (60%), 286 (95%), 147 (67%) япй 61 (100%).

Асе1у1а1юп оГ (IV) \укЬ АсгО 1п рупсйпе %л\е (Ье соггезропсИп^ За,6а-Ласе1а1е (V).

Кесгу8(а1игаиоп Ггот асеюпе вал е гЬе 8атр1е тоиЬ т. р. 84°С. Ш Vтаx: 3620 (-ОН), 1760

(-ОСОСНз), 1280 (-ОСОСНз) ст-1. ЫМК ррт (8): 0.98 (ЗН, 8) Лот С-18, 1.17 (ЗН, 8) Ггот

С-19, 2.00 (ЗН, 8) Лот асеше, 2.10 (ЗН, 8) Лот асеше, 3.132 аш! 3.34 (2Н, <Х апй т) Лот

ероху ппв 3.90 (1 Н, т), 3.70 (2Н, т). Мав8 8рес1гит: М+ а1 т/г 246 (65%), апо! огЬег гур1са1

юпз аг т\е 302 (25%), 286 (73%), 280 (70%), 249 (89%), 245 (89%), 103 (95%), 57 (93%)

апд 43 (100%).

РегтепШгоп о/ 16$,17$-ероху-5а-ап<1го51ап 3-опе (//).

ЛИсгоЫа! ггапвЛитпаиоп \\'Э8 сагпей от 1п 1Ье вате \гау ав 1Ье а-ерох1с!е, «'11Ь 3.6 %

оГ 16р,17Э-ероху-5а-ап«1го81ап-3-опе (II). АЙег гЬе 1гап$Гогтаиоп %а8 сотр1е1ей, гЬе ехггас-

1юп 6яус 4. 1 5 8 а сгидс т1хгиге. ТЬе д188оМп8 оГ гЬе тххтге 1П ЕгОАс, апс! гссгузгаШгаиоп

8ауе 135 т^ оГ шиаепиПес1 поп-8Сего1о!а1 8иЬ8(апсе (III), \уцЬ т. р. 210°С. ТЬе то1Ьег Ициог
«■а$ сЬготагоегарЬсс! Ьу со1итп сЬгота1овгарЬу оп 8Шса-^е1 (150 8> Мегск, 0.05 — 0.2 тт).

ТЬе екшоп «ав \\11Ь Ьепгепе апс1, $иЬ$еяиеп(1у, 1Ье т1х1игев о{ Ьепгепе апс! е(Ьег, 1Ье рег-

сетаве оГ 1Ье 1аиег Ье1п§ тстеавес! ир го 40%, ап<1, Ппа11у \укЬ 1Ье ^гасИепС оГ те1Ьапо1 т

Ьепгепе (ир ю 20%).

А8 1пе 1еа81 ро1аг Зр,14а сиЪуа!гоху-1бр,17|3 ероху-5а апс1го8(ап 7 опе (VI) ^аз оЬ1а1пес1.

Кесгу8(а1Нга(10П Лот ЕЮАс/Ьехапе 150 т% аЛогдес! 150 тв оГ а риге сотроипс!, т. р. 210' С,

[а]? = + 36° (0.95, МеОН). 1К Ушах: 3300 (ОН), 1720 (С = О) ст-'. ЫМК ррт (8): 0.91

(ЗН,8) Гог С 18,1.03 (ЗН,в)Лот С 19,3.19 (1 Н, т) Гог 15 ргоюп, 3.28 (1Н,а,У-ЗНг)

ргосоп Лот 17а ро811Юп, 3.67 (1Н, т) Гог 16а апс! 17а ргоюпв.

Ма*8 вресггит: М+ а1 т/< 320 (2°„),ап<1 огЬег 1ур1са1 1оп8 аг т/е 246 (10%), 143 (8%), 101

(35%) апа 43 (100%). Апа1. саЫ. Л»г С1вН2»04: С, 71.22; Н, 8.81. Роипа: С, 70.72; Н, 8.79.

Асе(у1асюп оГ(У1) \У1гЬ АсгО 1п рупаше ^ауе гЬе соггезропатв асеше: Зр-асеюху-16р,

17^-ероху-14а-Ьус1гоху-5а-апс1го8Гап-7-опе (IX), Ьаута; т. р. 120°С аЛег гссгувтаШгаиоп

Лот ЕЮАс. 1К ут.х: 3570 (-ОН), 1720 (-ОАс), 1230 (-ОАс). ЫМК ррт (8): 0.92 (ЗН, в)

Лот С-18, 1.03 (ЗН,8)Лот С-19, 2.08 (ЗН,8) Лот асега1е, 3.14 (1 Н, А, / 2 Нг) Лот

17а, 3.62 (1Н, т) Лот 16а, 5.04 (1Н, т) Гог За ргоЮп. Мазз зрссгит: М+ а1 ш/е 362

(1%), «пс! 01Ьег 1ур1са1 юпв а1 т\е 329 (90%), 306 (83%), 246 (90%), 121 (89%) апа 43

(100%). Апа1. са1са. Гог С21Н3о05: С, 69.58; Н, 8.34. Роипа: С, 68,73; Н, 8.43.

РиггЬег е1и(юп 16|М7Р-ероху-5а-апаго81апе-За,15р-аю1 (VII). Кссгу81а1Нгаиоп оГ

1Ы8 киЬзипсе Лот ЕгОАс/Ьехапе %яхс 30 те оГ риге, сгузЫНпе сотроип^ т. р. 218 -

- 220°С. 1Кут„: 3460 ст"1 (ОН). ЫМК (т О.-БМЗО) ррт (8): 0.62 (6Н, з) Лот

С-18 апа С-19, 3.15 (1Н, <!,/=- 3 Нг), 4.10 (1 Н, т), 4.37 (2Н, т).
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Mass spectrum: M+ at m/e 306 (10%), and other typical ions at 208 (90%), 273 (50%), 163

(97%), 107 (96%), 93 (97%), 79 (96%) and 55 (100%).

Acetylation of (VII) in pyridine with AC2O gave the corresponding diacetate: 3oc,15(3-dia-

cetoxy-16(3,17P-epoxy-5oc-androstane (X). Recrystallization from EtOH gave the pure compound

with m. p. 100-102°C. IRvm»: 1750 (-OAc), 1245 (-OAc). NMR ppm (8): 0.80 (3H, s)

for C-19, 0.83 (3H, s) from C-18, 2.00 (3H, s) for acetate, 2.06 (3H, s) from acetate, 3.18

(1H, d, J = 3 Hz), 3.47 (1H, m), 5.70 (2H, m.) Mass spectrum: M+ at m/e 390 (1%), and

other typical ions at m/e 330 (79%), 315 (80%), 163 (62%), 149 (59%), 95 (73%).

As the third and most polar substance obtained by further elution was 16|3,nP-epoxy-5a-

-androstane-3|3,5a,7a-triol (VIII). Recrystallization from EtOAc gave 103 mg ot (VIII) having

m. p. 259-261°C, [a],,0 = + 30° (0.76, MeOH). IR vma*: 3480, 3440 and 3320 cm"' (OH-).

NMR (in Do-DMSO) ppm (S): 0.73 (3H,s) for C-18, 0.77 (3H,s) for C-19, 3.14 (I H, d,

J = 3.5 Hz) for the 17a proton, 3.58 (1H, m) for the 16a proton, 3.90 (1 H, m), 4.40 (1H,

m), 4.70 (1H, s) and 5.34 (1H, m). Mass spectrum: M+ at m/e 322 (2%), and other typical

ions at m/e 266 (100%), 248 (86%), 230 (91%), 145 (75%), 95 (87%), 55 (90%). Anal, calcd.

for C19H30O4: C, 70.77; H, 9.38. Found: C, 70.96 and H, 9.06.

Acetylation of (VIII) with AC2O in pyridine gave 33,7a-diacetoxy-163,17£i-epoxy-an-

drostan-5a-ol (XI), having, after recrvstallization (EtOAc) had m. p. 185 — 192°C. IR vmax =

= 3590 (OH) cm-i, 1740 and 1720' (OAc) cm-'. NMR ppm (8): 0.85 (3H, s) from C-18,

0.87 (3H, s) from C-19, 2.00 (3H, s) from acetate, 2.11 (3H, s) from acetate, 3.29 (1H, d,

7=3.5 Hz) from 17a, 3.64 (1 H, m) from 16a, 4.75 (1H, m) and 5.06 (1H, m). Mass spec-

ctrum: M+ does not appear in the spectrum, with base peak at m/e 43 (100%), and other

typical ions at m/e 373 (14%), 350 (43%), 290 (71%), 230 (64%).

H 3 B O U

MHKPOEHOJIOUIKA TPAHC<J>OPMAUHJA CTEPOH.H.A. IX. ctEPMEHTAUIIJA

16,17-EnOKCHAHflPOCTAHA nOMOTiy Curvularia clavata Jain

PATKO M. JAHKOB, BYKHB UIOfflKH'R h MHJiyTHH CTEd>AHOBHTi

Xe.HujcKU UHciuuiuyw, npupoduo-MaiueJimiuuHKU (fiaKyAiueui yHueepmiuema y Eeocpady, it. up. 550,

11000 Eeotpad, n Mncuiuuiyui 3a xejuujy, uiexHo.to!ujy u MeiuaAypzujy , Eeotpad

JlBa KOHtbiirypamioHO iwoiwepHa enoKCHAa aHflpocraiia, ca enoKcuaoiw y npcTeny D,

h to: 16a,17a-enoKCH-5a-aHflpocTaH-3-OH (I) h 16|3, 17(3-enoKcn-5a-aH,npocTaii-3-OH (II) 6iijin cy

noflBprHyTH MHKpoSnoJiouiKoj TpaHCcpopMauHjn no.Mohy coja MHKpoopramraMa Curvularia clavata

Jain. H3 peaKu,HOHHX CMeina nocjie TpaHC(pop;wauHja je^Hor 11 flpyror H30.MepHor enoKCHAa

H30JTOBaHO je H HfleHTHipHKOBaHO iteKOJiHKO npon3BO.ua ca xnflpoKCHjramw rpynajvia y nojiomajitAia

5a, 6a, 7a, 14a h 15[3. Behmta H30JK>BaHnx cyncraHUH flo ca^a Hnje 6nna omicaHa y jiirrepaTypii.

(npHMJteno 14. AeueM6pa 1982)
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HUCKEL molecular ORBITALS of HETEROANALOGOUS
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Explicit analytical expressions are obtained for the Huckel molecular orbitals

and the corresponding energy levels of heteroanalogous polyvinylidene compounds.

Some general regularities in the it-electronic structure of these compounds are

pointed out.

In the present paper we consider a class of conjugated compounds of the

general form I, which are called heteroanalogous polyvinylidenes. In the

above formula Z denotes a hydrogen atom or an alkyl radical, whereas X symbo

lizes a certain heteroatom (in particular: O, S or NR). Compounds of the type

I became especially interesting for both theoretical and experimental chemistry

after it has been conjectured1 that their electrical conductivity should be very

high (i. e. that compounds of the type I are candidates for being organic metals2).

The chemistry of heteroanalogous polyvinylidenes is nowadays rapidly developing3.

In order to be able to establish some general features of the --electronic

structure of these molecules we need explicit analytical formulas for their MO's

and MO energy levels. In the present paper we offer a solution of this problem

within the framework of the Huckel moelcular orbital model. Thus we shall deter

mine the eigenvectors and eigenvalues of the Hamiltonian matrix H(h, k) of order

2k, whose matrix elements are defined as

IVAN GUTMAN and HORST HARTMANN*

(Received 27 December 1982)

 

I

H„ = a

ft+r, n+r = a + 2/.'

Hr, T+l = (J

if r = 1, 2, . . . , n

f r = 1,2, ... ,n

if r = 1, 2, . . . , n
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Hr, n+r = k$ if r = 1, 2, . . . , tt (Id)

Hrt = 0 otherwise. (le)

In eqs. (1), a and ? are the standard Coloumb and resonance integrals of the Huckel

model. Because of the well-known isomorphism between the Huckel theory and

the graph spectral theory4, instead of the Hamiltonian H(/j, k) we may consider

the molecular graph G(h, k) with 2n vertices:

 

Then we have to determine the eigenvectors and eigenvalues of this graph4-5. Of

course, G(h, k) is the graph representation of the conjuagted Tr-electron system

I and its adjacency matrix A (Jt, k) (of order 2n) is given by

Art = 0 for r = 1, 2, . .. . , n (2a)

An+r, n+r = 2h for r =1,2,. * • , tt (2b)

Ar, r+i = 1 for r = 1, 2, . .. . , n— 1 (2c)

At, n+r — k for r = 1,2,.. . , n (2d)

Ars = 0 otherwise, (2e)

in full analogy with eqs. (1). Obviously,

H(A, k) = al2„ + PA(A, k)

where \*n is the unit matrix of order 2m.

Note that in the case when h = 0 and k = 1, the graph G(/i, k) represents

the polyvinylidene hydrocarbon.

In order to determine the Huckel molecular orbitals and the pertinent energy

levels of I, we need some auxiliary graph-theoretical resits, which are exposed

in the subsequent section.

SOME SPECTRAL PROPERTIES OF THE GRAPH Pn

The molecular graph of the linear polyene with n carbon atoms is the path

Pn with n vertices.

 

Let G be a graph with N vertices and A its adjacency matrix5. Then the

characteristic polynomial of G is
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<t>(G, x) = det(* Iat - A)

with In being the unit matrix of order N. The solutions xi,xz, . . . , xn of the

equation <I>(G, x) = 0 are the eigenvalues5 of the graph G. The vector Cj = (Qi,

Cjx, . . . , QAr)T is an eigenvector5 of G if

A C, = X} C, (3)

The eigenvector C; is said to correspond to the eigenvalue xj. The component

Cfr of the vector C; will always be associated with the r-th vertex of

G, r = 1, 2, . . . , N.

It is well known4-5 that the characteristic polynomial of the path P„ con

forms to the recurrence relation

Q(P», x) = x 0(P„_i, x) - 4>(/V2, x)

with the initial conditions <t>(Po, x) = 1 , <l>(Pi, x) = x. Therefore <1>(P25 x) = x2— 1,

«1>(P3, x) = *3 - 2x etc.

In the case of the graph P„, formula (3) is equivalent to the following system

of n equations:

Xj Cj\ = Cj2

Xj Cjz = Cji + C/3

X] Cj, n-l = Cj, n-2 + Cjn

Xj Cjn = Cj,n~\-

This system is easily transformed into

Cjt\Cj\ = Xj

QtlCn = (xj)* - l

CjzlCn = (^)« - 2xj

etc. We immediately see that in the general case,

CjrICji = <D(Pr_i, Xj) (4)

for r = 1, 2, . . . , n. Since Q, «+i = 0, we conclude that

<D(P„, *,) = 0 (5)

which is, of course, consistent with the fact that the eigenvalues of P„ are the

zeros of 4>(Pn, x).

In addition, it is long known3 that

xj - 2 cos and Qr/Cyi = + ^ (6)

»+l 8inl;ic/(n + 1)]

for j = 1, 2, . . . , « and r = 1, 2, . . . , n.
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THE EIGENVALUES AND EIGENVECTORS OF G(h, k)

For reasons which will become clear later we will denote the 2n eigenvalues

of G(h, k) by yi(+), j = 1,2, ... ,n and yj(— ), j = 1, 2, . . . , n. The eigen

vectors of G(h, k) which correspond to yj(+) and yj(—) will be denoted

by B,(+) = (Bn(+), B,2(+), Bh2n(+))T and B,(-) = (B,i(-), Bj2(-),

. . . , Bj,2%(—))t, respectively. Whenever a formula holds for both 3»X+) and

yj(-), or for both B;(+) and B/(—), the labels (+) and (—) will be omit

ted.

By taking into account the relations (2) and (3) we deduce

y} Bji = Bj2 + * Bj, „+i (7 a)

y} Bj2 = Bji + B,z + k B), »+2 (7b)

yi Bj, n-l = B], n-2 + B), n + k Bj, 2„_i (7c)

y, B,, n = Bh „_i + k Bh 2n (7d)

and also

y} Bh n+r = 2h Bj, n+r + k Bjr (8)

for r = 1 , 2, . . . , n. Eq. (8) can be written as

k

Bj, n+r = — — Bj, r- (9)

y} - 2h

Then by taking into account eq. (9), the system (7) is immediately transformed into

Bji/Bji = uj

BjslBj! = («y)2 - 1

BjilBji = («,)3 - 2 Uj

etc., with the parameters uj being defined as

k*

Uj = yj

y,-2h

Having~in mind the results of the previous section, we conclude that for r = 1,

2, . . . , n

BjrlBjl = <t>(Pr-l, Uj) (10)

Because of eq. (5), Uj must be a zero of <t>(Pn, x). Consequently,

k2 jr.

yj = 2 cos

yj-2h n + 1

and the 2n eigenvalues of G{h, k) are given by

y} (±) = 2h + Hj ± V *2 + Hj* (1 1)
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where Hj=cos— h and j=\, 2, . . . , n.

n+l

Because of (4), from (10) follows the important identity

BjrlBn = CfrlCfl (;, r = 1, 2, . . . , n) (12)

or, using the relation (6),

j^-^yy+ff C/,r=l,2,...,») 03)

sui [/rc/(»+l)]

Combining eqs. (12) and (13) with (9) we get

Bj,n+rlB}1= k CjrICn (14)

y,-2h

and

« , . , . - , sin [rjizl(n+ 1) ... , —

sin[j7r/(M+l)]

The equations (11), (13) and (15) provide a complete analytical solution of the

eigenvalue-eigenvector problem of the graph G(h, k). The Huckel molecular or

bital problem of the heteroanalogous polyvinylidenes is thus also solved4.

DISCUSSION

An interesting property of the molecular orbitals of the heteroanalogous

polyvinylidenes is that irrespective of the nature of the heteroatom (X), the mole

cular orbital coefficients on the carbon atoms are equal to the pertinent

MO coefficients of the linear polyene, eq. (12). Furthermore, the molecular or

bitals B)(+) and Bj(-) have equal coefficients on all carbon atoms of the mole

cule I.

The relation between the MO coefficients on the heteroatom and the neigh

bouring carbon atom is given by eq. (9). Hence from the knowledge of the MO

faefficterus of the linear polyene one can determine all the MO coefficients of I, eqs.

12) and (14). It is worth noting that the coefficients Bj, »+r(+) and Bjr(+) have

equal sign, whereas the signs of Bj, n+r(— ) and 5;r(— ) are opposite. Note that

Bjr(+) — B]r(—). (The above statement holds provided the parameter k is posi

tive, which, of course, is always the case.)

We prove finally that for all values of the parameters h and k (k --/= 0),

yi(+) > jy2(+) > . > y«(+) > yi(-) > y*(~) > . . . > v„(-) (16)

First note that the derivative of yj(±) with respect to j,

(dldf) y,{±) = -—t sin ( 1 ± -7v=--)

n+l n+l\ Vk2 + H}2J

is always negative and therefore
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yi(+) > y*+) > ...> y»(+)

and

yi(-) > y<~) > > yn(-).

In order to deduce (16) it is now sufficient to show that yn(+) is greater than

:yi(-).

Let D{h, k) be the difference between y*{+) and ). From (1 1),

*«- 7 *■ + (* + 105 »-r7 + v + (* - cos ^fi)! -

— 2 cos —~— (17)

»+ l

For £ = 0, D(A, A) is either zero or positive. (More precisely: D(Ji, k) = 0

only if k = 0 and | A I < cos TC , which will never occur in chemicallyH + l

meaningful cases.) Besides, the derivative of D (h, k) wich respect to the

parameter k,

(4/«) C(4, *) = * = + *

is evidently positive for A > 0 and negative for k < 0, irrespective of the value

of the parameter h. Hence D{h, k) is minimal for k = 0 and therefore positive

for all values of h and k (Jk ^ 0). The inequalities (16) are proved.

In the frequently occurring case when the molecule of the type I possesses

2n it-electrons, the inequalities (16) have the consequence that the mole

cular orbitals Bj(+), j = 1, 2, . . . , n are doubly occupied with 7t-electrons

and Bj(-) are empty. The total --electron energy of I can be then calcu

lated from the relatively simple analytical expression

n

E = 2nh + 2 X \/k* + Hf*.

y-i

Bn(+) is the highest occupied molecular orbital (HOMO) and Bi(—) is the low*

est unoccupied molecular orbital (LUMO). The HOMO--LUMO separation (in

P units) is then given by eq. (17). The sign of the coefficients of the HOMO

and LUMO is given as follows.

LU....-U LU...-U

♦ + - ♦ + ♦ 4- +

HOMO LUMO

Surprisingly, in the case of the polyvinylidene compounds, the LUMO has

only one nodal plane whereas the HOMO has n— 1 such planes. This ex

ample shows that the commonly accepted assertion6 that the HOMO has

less nodal planes than the LUMO is not free of exceptions.
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H3BOJI

XHKEJIOBE MOJIEKYJICKE OPEHTAJIE XETEPOAHAJIOrHHX

nOJIHBHHHJIH^EHA

HBAH rVTMAH h XOPCT XAPTMAH

npupodiio-.ttaiue.nauiuuKu (fiaKy.iiueui y Kpaiyjeaeuy u TexnwtKu ynueepu3uieui y JJpe3deuy

JloSHBemi cy eKcnjiHmnnH aHajiiiTH^KH H3pa3H 3a XiiKenoBe MOJieKyjicKe opSiiTajie h

oaroBapajyhe eHepieTCKe HiiBoe xeTepoaHajionnix nojiHBHHHjumeHciaix jeflHH.eK>a. YKa3aHO je

Ha Hene onurre npaBRjmocTH y Tt-tneicrpoHCKoj crpyi-cTypn obhx jeaHH>eH>a.

(ITpHMJbeHO 27. fleue.viopa 1982)
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НЕКОТОРЫЕ ВОПРОСЫ ФИЗИЧЕСКОЙ ХИМИИ
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ПАВЛЕ САВИЧ

Сербская академия наук и искусств, Белград, Югославия

(Поступило в редакцию 12 января 1983)

Современное развитие физики и физической химии позволило вскрыть

многие особенности электронной структуры конденсированных веществ . При

переходе в лабораторных условиях элементов из парообразного состояния в

жидкое, могут возникать высокие давления порядка резонансного потенциала.

Они могут ослабеть связь электрона с атомом, причем в металлах образуется слой

свободных электронов. Вследствие этого металлы становятся проводниками

первого рода, в то время как их пары являются изоляторами.

Непосредственный результат перехода электронов на более высокие энер

гетические уровни — скачкообразное повышение плотности. Весьма интерес

ным, в связи с этим, является заключение о том, что в результате каскадных из

менений плотности в теле происходит образование слоев различной плотности

— различных фаз тела.

Присутствием внутреннего дгвления объясняются явления делокализа-

зации электронов проводимости в некоторых бинарных системах, а также и пе

реход металлическая-полупроводниковая-ионная проводимости.

Основа толкования явлений в нашей работе была доложена больше

чем 20 лет тому назад в Отделении естественно-математических наук Сербской

академии наук и искусств. На русском языке1 она опубликована под наз

ванием „О происхождении вращения системы частиц и отдельных небесных

тел". Эта работа послужила позднее основой для разработки теории о пове

дении материалов при высоких давлениях, проведенной в сотрудничестве

с математиком Р. Кашаниным2.

С того времени, когда первый раз перед наукой была выдвинута проб

лема происхождения вращения системы частиц и отдельных небесных тел,

являющаяся общим видом движения больших масс в макромире, до его

применил на поведение материала в лабораторных условиях и влияния дав

ления на изменение физико-химических свойств, сделано ряд работ, сооб

щенных мною или с сотрудниками на международных конгрессах, в Афинской

и Венгерской академиях наук и опубликованы в научных журналах па русском,

английском и французском языках4-8. Поскольку от первого сообщения

прошло больше 20 лет, то мне кажется ненужным повторять то, с чем .мог

ознакомиться любой, занимающийся этой проблемой. Здесь я сообщу только

основные тезисы и резюме результатов, полученных расчетом из основной

гипотезы.

* Доклад прочитан на XII Менделеевском съезде по общей и прикладной химии,

Баку (СССР), 21-26 сентября 1981 г.
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На вопрос: „Почему самый общий вид движения больших масс —

вращение вокруг собственной оси или вокруг больших масс", кратчайший

ответ бы был: любое тело в природе состоит из бо.льшего или меньшего

числа химических элементов, а элементы — из атомов. Несмотря на неболь

шой вес, атомы в огромном количестве представляют собой массу любого

небесного тела. Когда речь идет об общем виде движении больших масс —

вращении вокруг собственной оси или круговом вращении вокруг совмест

ного центра тяжести системы тела, то причиной этого не может быть ни

масса тела, ни его химический состав. Причину надо искать в общем для

всех тел — в структуре атома, состоящегося из положительного ядра и отри

цательных электронов вокруг него. Суммированием всего сказанного полу

чаем ответ на вопрос о происхождении вращения как общего вида движения

больших масс: вследствие гравитации (веса) атомы тяготеют занять центр

тяжести системы частиц (небесного тела) и своим весом давят атомы внутри

тела (ближе к центру тяжести). Это давление увеличивается или с увеличе

нием глубины, или с увеличением веса столба материала, действующего

на свою основу. При достижении весом столба материала на основу потен

циала резонанса электронов в атомах, из которых состоит материал, электроны

переходят на более высокие энергетические уровни, причем плотность материала

увеличивается. Вследствие квантованного энергетического распределения

электронов при любом квантированнем переходе плотность изменяется скач

кообразно (ионизационные потенциалы атомов в составе материала, из ко

торого тело построено). Ввиду скачкообразных изменений плотности материала

тело расслаиваестся, причем физико-химические свойства любого слоя —раз

личны. Таким образом, несмотря на химический состав, любая система

частиц достаточно большой массы (или под соответствующим давлением)

становится многофазной системой с различными физико-химическими свой

ствами каждого слоя.

При достижении гидростатическим давлением значения потенциала

ионизации, электроны бывают выборшены из своих атомов и слой стано

вится дефицитным в электронах. В таком слое возникает качественно новое

свойство: в атомах с дефицитом электронов возникает свободный магнитный

момент и весь слой имеет свой магнитный момент с соответствующей парой сил.

Таким способом образованная пара сил приводип весь слой в вращательное движе

ние, которое при помощи трения передается на примыкающиеся слои и тело

в целом {многофазная система частиц) получает вращательное движение.

Видно, значит, что вращательное движение не зависит от химического

состава материала, но зависит от структуры атома, которая является общим

свойством всех атомов и таким образом и вращательное движение становится

универсальным движением больших масс, независимо от их химического со

става, как это подчеркнуто уже в начале нашей работы.

Из сказанного следует, что, независимо от принадлежности к элементам

атомов, из которых образована система частиц (небесные тела или системы

тел), атомы с дефицитом электронов обладают магнитным моментом (диполями,

четырехполюсниками и др.) и такая система обладает новым качеством, даже

в случае, если она состоит только из одного элемента.

Вследствие выталкивания и выбрасывания электронов под давлением

(разонантные и ионизационные потенциалы), которое обусловливает скачко

образные измс : средних плотностей фаз (слоев), изменил средних плот-

хтей дол--' нетствовать какому-то экспоненциальному закону. Уста
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новлено1, что средние плотности как Солнца и планет, также и отдельных

слоев внутри небесных тел, соответствуют эмпирическому уравнению

р = р0 2* (1)

4 ч
где р — средняя плотность тела в целом или отдельного слоя, р0 = — г см~%

3

9 — какая-то функция взаимодействия электронных слоев. Известно, что

функция 9 должна иметь корни целого числа для отдельного небесного тела

или для отдельного слоя внутри него. В таблице I приведена средняя плот

ность планет нашей Солнечной системы, в таблице II — средние плотности

внутренних слоев для Земли, все в сопоставлении с измеренными данными

по астро-, или геофизике. В таблице III приведено сопоставление рассчитанных

и полученных позднее экспериментальных данных по космческим иссле

дованиям.

ТАБЛИЦА I. Средняя плотность планет нашей Солнечной системы

Тело

Ф Ро = * (Г СМ"3)

р = р02=р*

р (г СМ"3)** р (г СМ"3)***

Сатурн -1 0,67 0,67 0,7

Солнце 1,34 1,41 1,41

Юпитер 0 1,34 1,34 1,34

Уран 1,34 1,36 1,58

Нептун 1,34 1,32 2,3

Меркурий 5,36 5,6 5,4

Венера 2 5,36 5,21 5,2

Земля 5,36 5,518 5,518

Марс 5,36 ? 3,94 ? 3,95 ?

*) ЗаУ1С, Р.1.

) „Аппиапе йс Ыо1ге СЫ" XXII, Асайегше <1ез Заепсез, 1957, Вео^гаё.

') АИеп, С. „АпторЬулса.1 ОиапНйе;", Мозсо\у, 1977.

ТАБЛИЦА II. Характеристики модели Земли

Слой 1 2 3 4

Толщина (км) 0-39 39- 2900 2900 -4980 4980-6371

Средняя плотность

(г см-») 2,66-2,95 3,54-5,90 9,84-11,81 14,17-19,97

Масса (10+" г) 0,056 3,730 1,619 0,572

Момент инерции

(10+<« г см-*) 0,155 6,820 0,933 0,092

Давление (10+" дик см-3) 0,25 1,29 2,89 3,7

Аккумулированная

энергия (эрг)-Ю1* 2,1 1,23 5,3 3,18

Установив на вышеприведенном основании связь между структурой

атомов, их числом (масса системы частиц), расслоеннием тела, возникновением

вращения вследствие магнитного момента дефицитных в электронах атомных

сюев и скачкообразным переходом от средних плотностей и слоев и телами

в целом — создана теоретическая база для исследования в двух направлениях.

Первое из направлений космогоническое для системы частиц или тел боль
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TABJ1HUA III. PacwiTaHHbie h sKcnepHMCHTajibHo noJiyMCHHbie flaioibie

3KcnepHMeirrajibHkie

JlaHHbie HauiH pacqera jiaHiibie HccjiejjoBaHO

Tojumma nepBoro cjioh 1400 (1968)7 1500 (1973) CeHCMHICCKaH

JlyHbi Rt (km) CTaHUHH HB JIjhc

Tojimmia BToporo cjioh 338 (1968)7 300-400 (1973) CeiicMHMecKaH

JlyHbi Rt (km) craHUHH Ha JlyHe

MarmtTHMH momcht JlyHbi L. 0 (1960)i 0 (1962) JIyHa-2

TojmoiHa nepBoro cjioh reo(pH3HiecKHe

3eMJiH R, (km) 39 (1961? 33 H3MepeHHH

JXaBJieHHe b ue3HH

Cs (kt/cm2) 33500 (1961)3 45000* B. IT. BpHfl>KMaK

* Heo6xoflHMO HMeib b BHjjy, ito 3Kcnepn.«eHTbi EpHflH<MeHa npoBeaeHw He npn

0 K, ho npn 3HamnejibHo 6ojiee bucokhx leMnepaTypax'.

innx Mace5, BTopoe — HccneAOBaHHe MaTepnajia nojj BjinxHHeM bmcokhx AaBJieHHH

b jia6opaTopHbix ycnoBHHX6. Ha ocHOBaHHH H3JioH<eHHoro, b coTpyinnwecrBe c

MaTeMannxoM P. KainaHHHbiM HaMH 6buia pa3pa6oTaHa oSman Teopnn „IIoBe,neHHe

MaTepnajia npn bmcokhx flaBJieHHHx", Bbimeainaa b leTbipex MOHorpa(J)HHx Ha

aHrjMHCKOM H3biKe b H3AaifflH Cep6cKon ana/jeMim HayK n HCKyccroB (1961 — 1965),

KOTopbie no3flHee (1976) bmiujih Ha pyccKOM H3biKe b H3flanHn „HayKOBon

flyMKH" b KneBe2-3.

He6xoAHMO noA^epioiyTb, uto b Hayne HeflocraTOHHO onpeAejieHO onepHpyeM

noHHraeM BejnraiHbi flaBJieHHH. ^to no/jpa3yMeBaeTCH noji noHHTHHMH HH3Kne,

cpejTHne h BbicoKHe flaBjieHHH, Haymo He BbicHHeHO. B ojihoh H3 Haninx pa6oT

Mb! 3TO nOflMepKHVJIH H, C TOUKH 3peHHH 3JjeCb H3JIOJKeHHOH KOHqenHIIH, HaMH

npefljiaraeTcn uiKajiw .ijaBJieHHH ajih jjamioro MaTepnajia no oTHOuiemno k pe30-

HaHCHOMy h nonH3ai^HOHHOMy noTeHnnajiaM ero oTHOcnrejibHon aTOMHoii Maccw.

JXjih. hchocth o6t>hchhm 6ojiee no/rpo6HO, hto HaMH noApa3yMeBaeTca noji otho-

CHTejn>HOH aTOMHoii Maccon MaTepnajia noTOMy hto, Kai< H3BecTH0, aTOMHan

ftiacca HBJiHeTCH cbohctbom xHMiraecKoro sJieMema.

IlycTb MaTepHaJi, noABepraiomnHCH jjaBJieHHio, coctoht H3 xHMHiecKHx

3JieMeHTOB aTOMHbix Marr A}, A%, Az ■ ■ ■ An coflep>KamHxcH b ojxhom rpaMMe

MaTepnajia b KOJin^ecTBe ai, ai, az . . . an; npn stom nojiyiaHM:

J__ai^02_l_03_l_ . ^»

A A\ A2 A» An (2)

ai + a2 + a3 +....+ a„ = 1

TaKHM cnocoSoM paccMHTaHHyio Bejinqimy A Ha3biBaeM OTHOCHTejibHOH

aTOMHoii Maccon MaTepnajia, noflBeprayToro naBJiemHo, V — cpeflHHH o6T>eM

b HyjicBOH TOMKe flJiH CMecH mm BejnranHa o6i,eMa rpaMM-aTOMa A npn 0 K.

3tot o5i>eM nonyiaeTCH no npaBHjiy cMecn H3

^ = 1^^}+ a2^+ . . .an VAa (3)

\ Ax Az An}

rjxe. a\ . . . On, Ai . . . An, hto h npHBe^eHO Bbiuie, V\ . . . Vn — cpeAHne 06-

■beMbi b HyjieBOH TO^Ke cooTBercTByiomHX SJieMeHTOB A\ . . . An.
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Таким способом из уравнений (2) и (3) для любого материала под да

влением получаем А к V симулятора смеси, из которой состоит материал.

После этого необходимого объяснения вернемся к вопросу давления,

о котором шла речь при поведении материала. На атомы химических элемен

тов, из которых материал состоит, действуют когезионное давление и внешнее

давление, под которым материал находится.

Для иллюстрации напомним, что металлы в парообразном состоянии

являются совершенными изоляторами, в то время как при охлаждении до

нормальной плотности становятся проводниками первого рода, т. е. полу

чают свободные электроны. Откуда полявляются свободные электроны? По

нашему толкованию, изложенному выше, изменением плотности при переходе

из парообразного в металличское состояние сопровождается возникновением

внутреннего или когезионного давления, достаточного дла того, чтобы из

атомов металлической фазы вытеснить электроны в область Ферми, т. е.

для их освобождения из соответствующих атомов, но недостаточного для

того, чтобы электроны покинули эту область; в этой фазе они движутся

в качестве свободного облака. Давление в металлическом состоянии повы

шается в несколько сотен и больше тысячь раз (пропорционально изменению

плотности), по сравнению с давлением в газообразном состоянии, при чем

из изолятора получается проводник первого рода4.

Под влиянием давления в материале аккумулируется энергия. Под

считано2, что аккумулированная энергия на один атом составляет

14,4

.Еак = —— (электрон-вольт) (4)

г

где г - Ю-8 — радиус действия соседних атомов в см.

Отношение плотности материала и аккумулированной энергии полу

чается из (2 • Ю-8)3 N = А, где N — число Авогадро, А — атомная масса

смеси из уравнения (2), где р — плотность в г см-3. В той же монографии2

при О К для аккумулированной энергии Е$ и расстояния таомов г$ при

когезионном давлении получаем следующее :

14,4
Е$ = —— (электрон-вольт) (5)

г* = 0,85 (К)1'3 (см) (6)

Для объема У% при когезионном давлении р% при 0 К получаем :

У*0 = ЗУ (см3) • (7).

^ 2,517 • 1012

^4/3

(дин/см2) (8)

Из этих уравнений, полученных из концепции выталкивания и выбрасы

вания электронов из атомов материала под давлением на выдвинутый выше

вопрос следует ответ для определения и классификации давлений. Оказы

вается, что в качестве критерия для действующих на материал давлений

можно взять соответствующие резонансные и ионизационные потенциалы.

Когда речь идет о потенциалах, то мы имеем в виду значения для симулятора
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(A h V) flaimoro MaTepHajia. nojiyMemibie ypaBHeHHH npHBe^eHbi b pa6oTe 2.

IlpHBeaeM HecKOJibKO npicviepoB npHiweHeHwi HauieH TeopHH noBeaeHHH

MaTepnajioB npH BbicoKHX flaBJieHHHx.

JXaBJieHHe npeflcraBJiHeT co6oh o^hh h3 oiocooob KOHCOJiHuanjiH #HcnepcHO-

-nopHCTBix cHcreM. B xofle sroro nponecca cneiuieHHe crpyicrypHBix ajieMewroB

(b flaHHOM cjiynae qacnm nopouno) ocymecTB.iHeTCH npHJio>KeHHeivi flaBJieHHH

b uiHpoKOM flHana30He 3HaHeHHH. Quia aaBJieHHH Ha o6pa3eu, oGmiho aeHCTByer

c oflHOH hjih AByx npOTHBOjiejKammc cropoH. ComacHo Hcc.ieflOBaHHHM T. B.

CaiacoHOBa h M. M. PHcnraa c coTpyjniHKaMH11, B3aHM0,neHCTBHe Me>K#y qacrH-

qaMH nopouiKa MaTepnajia nponcxoflHT eme Ha caMbix paHHHX cra^mcc npouecca

cnei<aHHH, aa>Ke b HacbmaHHOM nopouiKe. 3to B3aHM0fleHCTBHe oGycjiOBJieHO

aflre3HOHHbiMH cHiiaMH BaH-flep-BaajibCOBCKoro rana. IIoBbiujeHHe flaBJiemiH,

t. e. njiOTHOcra npeccoBOK npHBO^HT y MeTajunraecKHX nopouiKOB ro HacraHHoft

JIHKBHflaUHH OKHCHblX H flpyTHX IUieHOK Ha MecTax 6ojitiiieii fleCpOpMaUHH, t. e.

Ha KOHTaKTaX. 3(})(peKTHBH0CTb yCTpaHCHHH OKHCHbK H APyTHX nJieHOK HaCTOJIbKO

Bbiuie, HacKOJibKo TBepflocrb okhchoh njieHKH hjih KaKoro-TO flpyroro cjioh

6ojH.uie TBepflocrH ocHOBHoro Merajuia. YcTpaHeHHe okhchoh iuichkh nponcxo^HT

BCJieflCTBHe o6pa30BaHHH b Heft TpeuntH, npn njiacrHMecKOH flecpopMauini MeTajuia

nofl Heft, hjih BoieflCTBHe ee flHCCOUHauHH noa aeftcTBHeM 6ojibuioro KOirraKTHoro

flaBJieHHH. nocjie ycrpaHeHHH sthx iuichok nponcxoflHT B3aHMoaeftcTBHe MeTajuiH-

MeCKHX Hacnm..

Ilpn flocTHH<eHHH ^aBjieHHH, npn KOTopobix nponcxoflHT MOK^acTHMHoe npo-

CKaju>3biBaHHe h 6ojiee njioraaH ynanoBKa, xapaKTep npouecca Ha KOHTaicrax H3-

MeHneTCH12. IlpH 3thx flaBJieHHHx (BcjieflCTBHe He6ojibiuoii KOHTaKTHofl noBepx-

hocth fleHCTBHTcriBHoe flaBJieHHe Ha KOHTaKTax 3Hawreju>H0 6oju>iue) Ha noBepx-

hocthx TpeHHH Me>Kfly *racTHU.aMH, Ha yHacraax (JiaKTuyecKHX KOHraKTOB, ^aBJieHHH

flOCTHTaiOT 3HayeHHH flOCTaTOWHblX JIJW H3MeHCHHH 3JieKTpOHHOH cTpyKTypw

aTOMOB conpHKacaiouiHxcH macron. JJaBJieHHe, Heo6xoflHMoe rtih s -> d hjih

s ->• d -»■ f — nepexoflOB mo>kho Haft™, Hcnojib3ya Hauiy Teopnio2'3.

BjIHHHHe MOKaTOMHblX paCCTOHHHH, T. C flaBJieHHH Ha CBOHCTBa CHCTeMbI,

HccjieflOBaji M. IIIyimM c coTpyamiKaMH13 Ha CHcreiwax pacraopoB MeTajuioB

b pacnjiaBe cojieft b cootbctctbhh c pTyrabiM napoM npn cynepKpHTHuecKOii

TeMnepaType, KOTopan, b 3aBHCHM0CTH ot njiOTHOCTH, t. e. ot flaBJieHHH, npon-

BJweT MeTaiuiHuecKyio, iiojiynpoBoaHHKOByio h H30JiHHH0HHyio ajieKTponpoBOfl-

HOCTb, b to BpeMH Kan pacrBop MeTajuia b pacimaBax cojieft npoHBJiaeT Me-

TajumMecKyio h HOHHyio npoBOflHMOCTb. B nepBOM cnyMae Ha aTOMbi pTyra fleft-

cTByiOT BHeuiHHe h BHyTpeHHHe aaBJieHHH, no/yjep>KHBaiomHe onpejjejieHHyio

iuioTHOcTb napa, a b pacrBope MeTajuia b pacrmaBe cojieii Ha pacTBopeHHbie aTOMBi

j^eiicTByioT BHyTpeHHee AaBJieHHe >KHflKOCTH h BHyTpeHHee aaBJieHHe MOKfly aTo-

MaMH paciuiaBJieHHoro MeTajuia.

CorjiacHO H3MepeHHHM, npoBefleHHbiM M. IIIyuiHHeM h C. Memycoivi14 Ha

CHcreMe BiHgj2 3JieKTpoHHaH npoBOAHAiocrb b pacTBopax MeTajuia b pacimaB-

jieHHbix cojihx, oSycjioBjieHa He HanpaBJieHHMMH cnaiKaMH sneKTpoHOB, a npn-

CyTCTBHeitt CBOSOflHbDC aTOMOB MeTajIJia npH OKCHJieHHH-BOCCTaHOBJieHHH pa3JiHq-

HbDC BajieHTHblX COCTOHHHH. IloSTOMy MO>KHO npHHHTb TOMKy 3peHHH, «ITO MeTa.lJl

b pacnjiaBe cojieii mojkho npH6jiH3HTejibHO paccMaTpHBaTb b KaMecrBe napa Me

Tajuia c napuHajibHbiM jjaBJieHHeiw, nponopuHOHajibHbiM aaBneHHio b ji-

CHpoBaHHOH cpefle c onpeflejieHHbiMH CBoiicTBaMH. Hmchho tot (paKT, hto noBbi-

meHHe aaBJieHHH napa no^ ^eHCTBHeM flaBJieHHH npn cynepKpHTHHecKOH Tejvinepa-

Type, a TaioKe noBbiuieHHe KOHHeHTpauHH MeTajuia b pacnjiaBax cojiefl noa bjihh
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Hiie.M BH^TpeHHero aaBJieHHH rrpHBOflHT k SKcnoHeHUHaabHOMy pocry sjieKTpoHHOfi

IipOBOAHMOCTH, HAieHHO H yKa3bIBaeT Ha n0fl06Hi.lft MexaHH3M aKTHBaUHH 3JieKTpO-

hob b o6onx cjiyMaax.

Heo6xoflHMO nofl^epKHyTB, *rro bo Bcex HaniHX pacwerax, KaK Ha MaTepHanax

noj BbicoKHMH aaBJieHHHMH, KOTOpbie C03flaK)TCH BHyrpH SonbuiHX Mace He6ec-

HBix Teji, TaK h b jia6oparopHbix ycjiOBHHX, mm onepHpyeM TOJibKO yHHBepcajib-

HblMH KOHCTaHTaMH : MHCJIOM ABOraflpO N, 3apHA0M SJieKTpOHOB e, aTOMHOH Maccoft

A h iry.ieBMM o6-beMOM V.

TIocKOJitKy jiioGoh MaTepnaji npn flOcraTOMHO bmcokhx /rasjieHHHX BefleT

ceosi naK MHoro(J)a3HaH cncreMa, to b pacqerrax dpHrypHpyeT h *reTHOcn> dpa3bi

m, r\ne i — nopHflKOBbiii HOMep dpa3bi; a,- /uih MCTHoro i cocraBJTHeT 5/3, ajih

HeMeraoro i = 6/5. IIojiyyeHHbie ypaBHemw mo>kho HcnojiK30BaTB ajih nporH03a

cbohctb HOBbix MaTepnajioB, npeflHa3HaqeHHbix jxjih. coBpeMeHHoii TexHOJiorim.

SUMMARY

SOME QUESTIONS DEALING WITH PHYSICAL CHEMISTRY

OF PHASE TRANSITIONS

PAVLE SAVlC

The Serbian Academy of Sciences and Arts, YU-1 1000 Belgrade, Yugoslavia

At the moment the pressure acting on a material reaches the equivalent of the ionization

potential, electrons are being expelled from the atoms of the body, producing electron deficient

orbitals. Such a system acquires qualitatively new properties.

According to the results of investigations of the behaviour of materials exposed to high

pressures, a scale of pressures has been proposed, based on the relation of the atomic masses

and the resonance and ionization potentials.

In the present work this theory of the behaviour of materials at high pressures was applied

to the process of consolidation of disperse materials, such as metal solutions in salt melts.

(Received 12 January 1983)

H 3 B O a

HEKA nHTAH>A OH3HMKE XEMHJE d>A3HHX nPEJIA3A

nABJIE CABHTi

CpucKa axadeMuja nayxa u yMeiunoculu, Eeozpad

Kam npHTHcaK na Maiepnjaji flocrarHe Bpe/mocr noTeHiutjajia joHH3aunje, Taaa H3 aTOMa

MaTepHjaJia aojuhh no H36au.HBaH>a e;iei<TpoHa h Bajieimie op6irrajie nocrajy ACfpnuirrapHe y

enetcrpoHtrMa. Y TaKBOM cjiojy AOJia3H no nojaBe KBaniiTaTHBHO hobhx oco6HHa.

Ha ocHOBy pe3yjrraTa Haiuiix iierpa>KHBaH,a ynutaja bmcokhx npHTHcaKa Ha noHaniaH>e

waTepiijajia, *m cmo npea^o>KHJiH cnajiy npHTHcaKa 3acHOBaHy Ha oAHocy pejianiBHe aTomcKe

Mace h pe30HaHTHor h joHnaauHOHor noTeHimjajia.

Y paay cy AaTH npHAiepii npH/neHe Haute Teopaje o noHamaiby jwaTepujajia no,u biicokhm

npHTHCUHMa Ha nponec KOHcojinnamije Aiicnep3nx MaTcpnjajia, oahocho Ha ckctcmc pacTBopa

Mrrajia y pacronHMa cojih.

(npHMJbeHO 12. jaHyapa 1983)
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48 (4) 143—151 (1983)
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Оп!>1па1 зсгепн/к рарег

ВЛИЯНИЕ ВЫСОКИХ ДАВЛЕНИЙ НА ЭЛЕКТРОННЫЙ

ПАРАМАГНИТНЫЙ РЕЗОНАНС ИОНА Мп2+ В ЛИТОГРАФСКОМ

КАМНЕ

МАРИНА В. ВЛАСОВА, СЕРГЕЙ И. ГОРБАЧУК, НИКОЛАЙ Г. КАКАЗЕЙ,

ВЛАДИМИР М. МЕЛЬНИК, МИХАИЛ Д. СМОЛИН

Институт проблем материаловедения АН УССР, Киев, СССР

СТАМЕНКА М. РАДИЧ, ДРАГОЛЮБ П. УСКОКОВИЧ

и МОМЧИЛО М. РИСТИЧ

Институт технических наук Сербской академии наук и искусств, Белград и Центр по мульти-

дисциплинарному обучению Белградского университета, Белград, Югославия

(Поступило в редакцию 12 января 1983)

В настоящей работе предпринята попытка применить метод парамагнит

ного зонда для оценки изменениий, происшедших в поликристаллах под дей

ствием сильного всестороннего обжатия. Нами исследовались образцы лито

графского камня, представляющего собой алюмосиликат общего состава СаСО,-

•ЗЮ.-гН.О-АЬО.-Ре.О,.

Процесс пластического деформирования твердого тела сопровождается

возникновением различного типа дислокаций и точечных дефектов1. Суще

ствуют определенные соотношения, устанавливающие взаимосвязь между

плотностью образовавшихся дефектов и пластической деформацией образ

цов. Количественная характеристика дефектов в некоторых случаях может

оказаться объективным критерием оценки условий механической обработки

исследуемого материала.

В настоящей работе предпринята попытка применить метод парамагнитно

го зонда для оценки изменений, происшедших в поликристаллах под действием

сильного всестороннего обжатия. Основная идея привлечения метода ЭПР

состоит в тем, что возмущающее действие дефектов решетки, создающих

произвольно ориентированные поля деформаций, элекртические поля или 1гх

градиенты, приводит к неоднородному уширению резонансных линий при

месных парамагнитных ионов2-3. Статистическая теория, позволяющая опре

делить форму неоднородно-уширенных линий в зависимости от типа дефектов,

их концентрации и распределения, применяется в основном к монокристал

лам3-5, причем особе внимание уделяется (для систем с полуцелым эффек

тивным спином 8 > 1/2) линиям тонкой структуры (ТС), исключая цен

тральный переход —1/2-—•+ 1/2. В поликристаллах же наблюдаются, глав-

* Работа проведена в рамках сотрудничества между АН СССР и САНИ.
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hwm o6pa30«, jihhhh, CBH3aHHbie c nepexo/joM — 1 [2 —— + 1 /2. OlHTaeTCH8, *rro

ocra-TtHbie nepexoAU TC He Bcer^a MoryT 6biTb 3aperHcrpHpoBaHbi H3-3a CHJibHoii

yr.ioBoii 3aBHCHMOcra.

Hasm HccjieflOBajiHCL o6pa3iu>i miTorpacpcKoro KaMHH H3 Mecropo>K,qeHM«

b paiioHe AjireTH TpCCP. npeijcraB.iHiomero co6oft a.iioMOCHjiHKaT cocraBa

CaC03 ■ Si02 • 2H2O • AI2O3 • Fe203- npH«eHHeMoro b KanecrBe iwaTepnajia

KaAiep BbicoKoro flaBJieHHH. 06pa3nbi o6>KiiMa.iH Ha ycranoBKe ;yiH npoH3BO,zj-

CTBa CHHTerauecKHX cBepxTBepabix MaiepHajioB ycHJiHeM 2000 TC (lwo/jejii,

JX 0043). IlpH 3tom Hcno.ib30BajiH CTaHflapniyK) ocHacTKy c KaMepoii BbicoKoro

flaBneHHH Tuna „HaKOBajibHH-TopoH,zj". JI,aB:ieHHe b KaMepe onpe^ejiajiH no

rpaflyHpoBoiHOMy rpa(J>m<y ..flaB.ieHHe b KaMepe — ycHane npecca", nocrpoeHHOMy

no H3BecTHHM (pa30Bbuvt nepexo,naM b Bii_n — 2,54 ITIa, Tan-m — 3,67 rria

h Bim-iv — 7,75 ITIa7. Bo3fleHCTBHe na HCJieayeMHH o6pa3en ocymecTBJiHJiM

b aBTOManwecKOM peHawe pa6oTbi npecc-yeraHOBKH8 no 3aflaHH0H nporpaMiwe

c Hcnojib30BaHHeM npeuH3H0HHbix cpe^cTB o6ecne»ieHHH cTa6n_iH3aHHH aaBJiemiH.

IlpH 3T0M B03MO>KHbie Kone6aHHH /jaBJieHHH b Kajviepe ne npeBbiuia-iH ± 0,O5

rna.

Pl3MepeHHH cneicrpoB 3IIP npoBOflH-iHCb Ha paflHOcn^KTpoMCTpe P3 1301

npn KOMHaTHOH TejvinepaType.

h,«t

 

Phc. 1. Bha cnetcrpa 3I1P b HeAe<popMHpoBaHHOM (a) h aecpopMHpoBaiuioiM

(6) o6«<anieM npn 80 rria jiHTorpaipcKOM KaMHe: b h b' — cHraajibi othjihkh

or nepexoAOB ±3/2,^5/2-^5/2,^5/2 npn 0 «= 90°; r h r' — T- J/2,

T5/2 ~ T3/2, ±5/2 npn 6 = 0; a h «' - ±1/2, ± 5/2 ~ ±3/2, ±5/2

npH 6 = 90°; e h e' ±3/2,±3/2~ ±5/2, ±3/2 npn 6 = 90°; >k h >k' -

±1/2, ±3/2~±3/2, ±3/2 npn 8 = 0.
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а. Недеформированные образцы.

Наблюдаемый спектр ЭПР в исходных образцах (рис. 1а) характерен

для ионов Мп2+, находящихся в аксиальном кристаллическом поле9, и удов

летворительно описываемый спин-гамильтонианом вида

96 = ЖЯ- 5) + й [5г2 -|5(5+ 1)] + А (5- I) (1)

где § — фактор электроскопического расщепления, р — магнетон Бора,

5 — вектор спинового углового момента в единицах Н, Н — магнитное поле,

И — параметр аксиального искажения, А — коэффициент ассиметрии, I —

линия лоренцовой формы. Величина параметра ^ может быть оценена из

измерений относительной интенсивности сверхтонких запрещенных переходов

(СЗП) — 1/2, т-—•+ 1/2, т ± 1. В случае кристалла, выражая постоянные

спин-гамильтониана в теслах6

_ 64Л251п2 20 Г35 1

/сзп = т(т+ 1) (2)

Щ [4 \

512 1)2Г35
а для поликристалла: /ап = — •— — —т(т+1) ■

Отношение амплитуды низкополевого СЗП —1/2, —5/2——1-1/2, —3/2 и

соответствующего СТ-компонента — 1/2, — 15/2—• + 1 /2, — 5/2 центрального

перехода (мы принимаем, что А меньше нуля) оказывается равным 0,13.

что приводит к величине Б ~ 9 мТ. Для более точного определения постоян

ных спин-гамильтониака (1) удобно воспользоваться выражением для поло

жения линий ТС9:

И = Но - Г>(М8 - 1/2) (3 соз2 в - 1) + -сов'О-вшЧ [4 5 (5 + 1) -

2 Н0

- 24ЛГ„(М8-1)-9] [25(5+1) -6М8(М8-1) -3]-Ат-

8Но

Аг О2 А
' [7(/+1)-т2+ (2Л18-1)т] -^зт26 • со526 • (3)

[Л12-5 (5+1)]2-АГ2 [(М8-1)2-5(5+1)]2-(ЛГв-1)2| /)2 А

' ■ -> т

Мв ЛГв-1 ) 8Я2

•знИе {МЯ[2М2+ 1 -25(5+ 1)]-(М8- 1) [2(Мв- 1)2+ 1 -25(5+ 1)]}т-

В поликристалле число парамегнитных центров, спектр которых лежит

в интервале полей Н и Н + ДЯ. пропорционално величине

А 81П0-Д6) ... Дя .... 81Пв ...
Дя = —— • ДЯ или = / (6) , (4)

<1Я(в)/а8 ЯД <1Я(в)/ав

где 7(9) — угловая зависимость интенсивности сигнала. Максимумы интен

сивности на фоновом сигнале ЭПР соответствуют Дя/ДЯ -> со . Введение в
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3to Bbipa>KeHHe 3HayeHHii dW(6)/d8 onpeaejineT yaioBHH noHBJiemui cnraajiOB—

-otkjihkob rjih pa3JBWHBDC nepexojjOB Qjjih pa3peuieHHbix nepexoflOB 3/^eci>

/ = const):

IlpH 6 = 0° b nojioKeHHH jihhhh TC naGnioflaeTCH SKCrpeMyM, ho BepoHTHOcrb-

norjiomeHHH An/AH b stoh tomkc HBJUieTCH nocroHHHOH bcjihhhhoh, t. e. npen,-

craBJiHeT co6oft CTyneHtKy, h aMnjiHTy/ja oKHflaeiworo CHTHajia-omnHKa AOJinaia

6brn> MeHbineft, *ieM npH 8 = 90°.

YrjiOBaH aaBHCHMOcTb nojio>KeHHH C3II noflooHa yrjioBoii 3aBHCHMOCTH

ueHTpaji&Hbix pa3peiueHHBix nepexo/joB. Bbojhi b (popMyjiy (4) Icm (6) h <///(8)/d6,

HaxoflHM, *rro b OTjnraie ot nepexo/jOB — 1 /2, ot«—• + 1 [2, m, jinx. C3U b nojm-

KpHcrajure cymecTByer jmuib ojxun cHmaji-OTKJiHK npH 62.

IlpH noflcraHOBKe b (3) jjjih nepexo/jOB — 1/2, ot»—•+ 1 /2, m 3HaieHHil

8i h 62 h 3KcnepHMeHTajii>HO H3Mq3eHHbix BejiKWH MarHHTHbix nojieii nOJIOMCeHHH

pa3JiHUHbix CHTHajiOB-oncuHKOB nojiyHeHbi oie/xyioiHHe napajvieTpbi cnHH-raMHJib-

TOHHKaHa: D = 7,8 ± 0,5 mT, A = 9,5 ± 0,1 mT. BejnraMHa g — (paKTopa

OKa3ajiaa> paBHOH 2,002 ± 0,001.

B HH3KonojieBOH h BBicoKonoJieBoii yacrnx cneKTpa (pwc. la) HaSjuo/jajiHCb

OTHOCHTejibHO cnaSbie jihhhh, oSyoiOBeHHwe CHTHajiaMH-OTKJiHKaMH nepexo/joB

nepexoflOB TC: ±1/2, ± 5/2— ± 3/2, ± 5/2 h ± 3/2, ± 5/2— ± 5/2,

±5/2. OnpeflejieHHe hx nojio>KeHHH OTHOCHTejibHO 6jiH«<aHHiHx ueHTpajib-

Hbix nepexoflOB h cpaBHeHne c BbraHOieHHbiMH 3Ha*ieHHHMH no3BOjntno ycra-

HOBHTb, mto hoh Mn2+ HaxoflHCTH b aKCHajibHCM KpHCTajijmMecKOM nojie CO

oiaSbiM poM6nMecKHM HCKa>KeHHeM, Rjia KOToporo D = 7,5 ± 0,2 «T. E =

= 0,35 ± 0,1 mT. IlpinieM nocroHHHbie A, D h E hmciot o^HHaKOBbiH 3Hai<.

ITpoBefleHHbiii b paSoTe 9 pacneT cneKTpa 3IIP Mn2+ b nojiHKpHCTajiJiax

HJHI pa3JIHHHbIX 3HaMeHHH D H HIHpHHbl HHAHBHflyajlbHOft JIHHHH JIOpeHHOBOH

cpopMbi, KOTopaa He 3aBHcejia ot 8, no3Bojnui oneiiHTb AHmfl 0,5 mT b hc-

xojhiom o6pa3ue.

IlojryMeHHbie nocroHHHbie ciiHH-raMHJibTOHHaHa b jiHTorpacpcKOM KaMHe

OKa3ajiHCb 6jih3khmh k flaHHbiM fljw cneKTpa 3IIP Mn2+ b CaCOs9.

B iuiacTHwecKH flecpopwHpOBaHHbix npn pa3JiHMHbix flaBJiemiax o6pa3uax

Ha6juoAajiocb : a) ocjiaSjieHHe aMnjmTy/4 CT-KOMnoHeHT cneKTpa (pnc. 2), xoth

HHTerpajibHaa HHTeHCHBHOCTb CHrnajiOB ocraBajiacb HeH3MeHHoil; 6) H3MeHeHHe

OTHomeroor ajvnuiHTy/i pa3JiHHHbix KOMnoHeHTOB KaK pa3peureHHbix, Tan h 3a-

iipemeHHbix CT-nepexoflOB (pnc. 1 h 2); b) pe30Ke yjaeHbuieHHe aMiuiHTy^

CHTHajioB-OTKnHKOB jihhhh TC y>Ke npH Majibix creneHHX 06HOTHH; r) H3Me-

HeHHeacHMMeTpHHCHrHajiOB CT-KOAuiOHeHTOB: b HcxoflHbix o6pa3nax aMHiiHTyfla

BbicoKonojieBoit lacTH CT-KOMinoHeHTOB 0Ka3biBaeTCH 6oju>uie HH3KonojieBOH.

Ilocjie ^e(popMHpoBaHHH xapaicrep acHMbierpHH jihhhh c m = — 5/2 coxpaira-

ercH, Tor^a KaK rjw jihhhh c m > — 1/2 H3MeHHeTCH Ha o6paTHbiii (pnc. 3).

fljw-1/2, m—■+ 1/2, m 81= 90° 82=arc tg

 

±1/2, m— ±3/2, m

±3/2, ot— ±5/2, ot.

8 = 90°

B. JJe^opMupoeaHHue o6pa3tjbi.
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•ил
 

Р,тя

Рис. 2. Изменеш1е алшлитуды

СТ-компонент с т =—5/2

(1) и ш = -г 5/2 (2) и отно

шения амплитуд СЗП —1/2,

-5/2 « +1/2, -3/2 и -1/2,

+ 3/2- + 1/2, +5/2 (З)отве-

личны давления обжатия об-

бразцов.

 

?, г/и

Рис. 3. Измение параметров

асимметрии А [В от величины

давления обжатия образцов.

1 — переход —1/2, — 5/2.-

~ + 1/2, -5/2, 2 - -1/2,

+ 1/2- + 1/2, +1/2, 3 -

-1/2, +5/2— + 1/2, +5/2.

Для объяснения полученных результатов следует учитывать!, различные

аспекты формирования резонансных линий. Процесс внедрения в решетку

дефектов сопровождается частичной перестройкой локального окружения

парамагнитных ионов. Если очитать, что искажение решетки приводит к

изменению параметра И, не влияя на другие константы спин-гамильтониана
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(1), pe3y;u.THpyK>imiH cneKTp mo>kho npeacraBHTb Kan cynepno3HUHio CHniajiOB

OT OTfleJIbHBK HOHOB, Ka>K,m>IH H3 KOTOpbDC XapaKTq5H3yCTCH CBOHM 3HaieHHeM D.

Bojiee npocrbiM hbjihctch paccMOTpeHHe, b kotopom ywrbiBaeTCH bjihhhhc jje—

(peicroB peuieTKH Ha iimpHHy h <t>opMy HHflHBHAyajibHOH jihhhh b KpHcrajuie,

CTHTaff, 1TO D OAHHaKOBO flJIH BCCX HOHOB. B pa60Te 3 n0Ka3H0, 1TO flJIH pe3o-

HaHCHbix cnrHajiOB, b KOTopbix npoHB.THioTCH 3(pcpeKTbi BToporo nopHflna TeopHM

B30MymeHHH (a 3to othochtch h k jihhhhm nepexoAa — 1 /2 —— + 1 /2 jjjih 5 >-

1/2) 6o;xbuiaH n.n0TH0CTb /jHCiOKauHH oGycjiaBJiHBaeT (popMHpoBaHHe rayccnaHa,

uiHpHHa KOToporo nponopHHOHajibHa hx KOHHeHrpauHH. IlpH Majioit iuiothocth

flHCJiOKauHH cHraaji npeflCTaBJiaeT co6oft jiopeHHOBy jihhhio, xapaKTepHyro jjjm

6e3fle4>eKTHoro KpHcra.xia. B npoMOKyToiHOM crryMae pe3yjibTHpyiomHH cnrHajx

mo>kho paccMaTpHBaTb KOMno3HHHio (cBepTy) jiopeHyoBa h rayccoBa pacnpe/jejie—

hhh. OnrraH, mto xapaicrepHbie tomkh rayccnaHa onpcuejwiOTCH 3HaueHHHMn

D' = D + AD, r^e AD — hbjihctch napajweipoM HCKaweHHH, CBHsaHHbiM c

nJIOTHOCTblO flHCJIOKaUHH, H3 Bbipa>KeHHH (3) MO>KHO OnpeflCJIHTb IUHpHHy BKJiaAa

rayccoBoft jihhhh ajih nepexo/ja — 1/2, m-—•+ 1/2, m

TAEJIHLJA. 3naqennH K (6, m) ann paanmorbix CT-KOMnoHeirroB.

m 6i K (6i, m) 62 K (6,,»n)

-5/2 90° 0,166 38° 0,098

-3/2 90° 0,171 4O°20 0,185

-1/2 90° 0,176 41°27 0,273

+ 1/2 90° 0,181 42°6 0,362

+ 3/2 90° 0,186 42°32 0,451

+ 5/2 90° 0,191 42°50 0,540

MT = | - Hd-*, I = AD |8| [(2 - i8^) sin' 28 - ( 1 -^ X

X sin4eJJ = /C(6,m)-AD, (5)

t. e. AH 3aBHCHT ot opneHTauHH (6) h 3HaqeHHH m (cm. Ta6ji.). B ciryuae

CBepTKH UIHpHHa pe3yjIbTHpyK>meH JIHHHH CBH3ana C UIHpHHOH COCTaBJIHIOmHX

«e rayccoBoft h jiopeimpBOH jihhhh oiejiyioiHHM cooTHomeHHeM10:

AW = ^+ 1*2* +AHr- (6)

2 V 4

,Hjih aHajiH3a cpopMbi CHraajiOB nepexogoB — \j2,m •—■ + 1 /2, m b nojiH-

KpHcrajuie Heo6xoflH«o y*niTbiBaTb ycjioBHH noHBJieHHH h nojio>KeHHH cvtrHa-

JlOB - OTKJIHKOB . HH3KOnOJieBbie CHTHaJIbl-OTKJIHKH CpOpMHpyiOTCH, rJMBHMlH

o6pa30M, 3a chct CBepTKH c BKJiaaoM AHr npH 81, a BbicoKonojieBbie —

npn 62. Pa3JiH*nie b iirapHHe CBepTKH npn sthx yrjiax B03pacraeT c pocrojn

AD, t. e. c yBejiHieHHeM fle4)opMauHH o6pa3ue, h TaioKe 3aBHCHT ot Bejm-

hhhm m. 3thm o6bHCHHeTCH Ha6juoflaeMoe npoHBJieHHe acitMHerpHH cm-HajioB

(pnc. 1 h 3).

Bmiafl rayccnaHa b CBepn<y B03pacTaeT c yBejnraeHHeM m (cm. Ta6ji.),

noOTOMy, npn 6oju>meH fle^opManHH BbicoKonojieBbie jihhhh 6y,pyT 6ojiee yum
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ренными, чем низкополевые, что, естественно, проявится в изменении отно

шения их амплитуд.

Согласно работе 9, между амплитудой СТ-компонента в порошке и

шириной индивидуальной линии лоренцовой формы при О й 5 4- 10 мТ

достаточно хорошо выполняется соотношение / • ДЯ2ИНд = сопзг. Наиболее

четко оно реализуется для низкополевого СТ-компонента с т = — 5/2.

Воспользуемся этим соотношением для оценки величины ДО. В качестве

ширины индивидуальной линии возьмем среднеквадратичное значение ширин

линии
при в! и 02: ДЯдад = /АН(вО' + АЯ(62)*. с учетом того, что ДНГ

при Ох примерно в 1,75 раза больше, чем при 62, можно записать, что

/■ АЯ*,НД - /-АЯЛ:| 1 + УЦ^+ УЩ*±**) = сопзс,

где а = ДЯ Ул(здесь ДЯГ при 62 и т =— 5/2). На рис. 4 приведена вычис

 

ленная зависимость / =/(а). Легко видеть, что при а = /, т. е. ДЯЛ = ДЯГ =

= 0,5 мТ. / составляет х 0,25 амплитуды сигнала в исходном образце.

При этом ДО я 5 мТ. Однако для более точного определения ДЛ необхо

димо учитывать коэффициент формы линии, который для чисто лоренцовой

составляет 1 ,8 1 , а гауссовой — 0,5 1 .

СЗП формируются с участием гауссиана при 02, тогда как переходы

— 1/2, т — 4- 1/2, т — при 81 и 02. Таким образом, различие между

ЛЯл-(б2) для СЗП и АНта для центральных СТ- компонентов и определяют
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3£IK0H0MepH0CTH H3MCHCHHH aMHJIHTyfl HX CHTHajIOB . B0CnOJlb3OBaBlHHCb flaHHblMIT

Ta&nmxbi, JierKO BHZjerb, vro c yBejiHHeHHeiw AD OTHOCHTejibHan aMnjiHTyjja

C3n - 1/2, - 5/2— + 1/2, - 3/2 H - 1/2, - 3/2— + 1/2, - 5/2 aojuKHa.

B03pacTan>, Tor^a Kan «jih C3II cm > — 1/2 — naflan., hto h Ha6juo,najioci».

^to KacaeTCH flpyrax nepexoflOB TC, HajiHHHe HCKajieHHH npHBOAHT k

3HaMeHTejii.HO Sojibiueiwy Biciafly b CBeprKy rayccHaHa: A//r = j 2AD(3 cos26— 1) |

jyiH ± 1/2, m -> ± 3/2, m h A//r = | 2AD(3 cos^-l)! ajih ± 3/2, m-- ± 5/2,.

m H 6bICTpOMy HCHe3HOBeHHK) HX CHTHaJIOB-OTKJlHKOB. OTCyTCTBHe CHrHaJIOB-

otkjihkob jihhhh TC b nopouiKax, nojiyqeHHbix H3MejibMeHHeM KpHcrajuiOB,

o6yaiOBJieHO hx BbicoKoii HyBCTBHTejibHocTbio k Ha;iHMHK) aa>Ke cjia6bix ocra-

Toiiibix hckedkchhh KpHcrajiJiHMecKOH pemerKH.

nojiy^eHHbie 3KcnepHMeHTaju>Hbie flaHH&ie no3BOJiaioT npHHTH k 3aKJHO-

Memuo, hto not MeHbiue umpHHa HHflHBHflyajibHOH jihhhh b hcxoahom o6pa3u,e,

Tew MyBCTBHTejibnee napaMarHHTHbiii qemp (S > 1 /2) k o6pa30BaHHK> flecpeKTOB

npH fletpOpMHpOBaHHH KpHCTajUIOB. IlpHKeM lyBCTBHTejIbHOCTb CHTHajIOB-OTKJIH-

kob jihhhh TC B03pacraeT no Mepe hx y,tnuieHHH ot HempajibHoro nepexofla.

BblBOAW

1. H3yneHbi cneKTpbi 3IIP Mn2+ b jiHTorpacpCKOM KaMHe. Onpe/jejieiiM:

nocroHHHwe cnHH-raMHJU>TOHHaHa: g = 2,002 ± 0,001, D = 7,5 ± 0,2 i*T,

E = 0,35 ± 0,1 mT. HaeHTH(pHHHpoBaHbi, KpoMe nepexo^oB — 1/2, m -> + 1/2,

m h CBepxTOHKHX 3anpemeHHbcc nepexoflOB, flpyrne jihhhh tohkoh crpyKTypbi.

2. JJ,ecpopMHpoBaHHe o6pa3qoB npHBOAHT k H3MeHeHHK> cneKTpoB 3FIP, ko-

TOpoe OOyCJIOBJieHO H3MeHeHHeitt UJHpHHbl H (popjwbi (h HX aHH30Tp0nHH) HH-

3HBHflyaju>H0H jihhhh pa3JiHHHbix nepexo/jOB. IIpHBefleHM pe3yju>Tan>i, no3Bo-

jiHioume ycraHOBHTb CBH3b HaSjuoflaeMbtx H3MeHeHHH co cTeneHbio AecpopMauHH

o6pa3UOB. /

/

/

H3BO JI

YTHIJAJ BHCOKHX I1PHTHCAKA HA EJIEKTPOHCKy nAPAMArHETHY

PE30HAHU.HJY JOHA Mn!+ Y JIHTOrPAOCKOM KAMEHY

M. B. BJIACOBA, C. H. TOPBAMyK, H. T. KAKA3EJ, B. M. MEJbHHK, M. fl. CMOJIIIH

Hncuiuuiyiu 3a paieoj nayxe o MCMtepujcutUMa AH YCCP, Kujes, CCCP

C. M. PAflHTi, a. P. yCKOKOBHH K M, M. PHCTHTi

Hiiciuuuiyiu iuexmtuKux Hayna Cpucxe axadeMuje uayxa u yMeiuuocuiu, Eeiupad u lleniuap j«

MyAwuductfuii.wHapHe ciuyduje VHUtepsuuieuia y Eeoopady

IIpoyMeHH cy EPR cnei<TpH Mn2 *- joiia y .nnorpa<pci<OM iomchv. O.ip etjeiie cy kohctshtc-

cniiH-xaMHJiTOHiijaHa: g = 2,002 ± 0,001; D 7,5 0,2 mT; E = 0,35 ± 0,1 mT. riopefl

npejia3a —1/2, m — 4- 1/2, m H cynpepc^unux Da6paHjein:x npejia3a, naeHTH<})HKOBaHe cy k

flpyre JlHHHje (pHHe crpyKType. JleepopMani: a yaopana yniMe Ha npoMeHy EPR cneKrapa, noja

je ycjiOBitena npoiwenoM lunpime 11 o6jiHKa (k HbHxoBe aHH30TponHje) HHAHBHflyajiHHX .nmiija

pa3JiHiHTHX npejia3a. HaBeAeiiH cy peaymaTH Kojn OMoryhaBajy #a ce ycraHOBH Be3a jtbp^chhx

npoiueHa h creneHa flecpop.waiiHje yaopana.

(ITpHMJbeHo 12. janyapa 1983)
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SUMMARY

INFLUENCE OF HIGH PRESSURE ON ELECTRON PARAMAGNETIC

RESONANCE OF Mn!+ IONS IN LITHOGRAPHIC STONE

MARINA V. VLASOVA, SERGEI I. GORBACHUK, NIKOLAI G. KAKAZEI, VLADIMIR M. MELNIK

MIKHAIL D. SMOLIN, STAMENKA M. RADlC* DRAGOSLAV P. USKOKOVIC* and MOMClLO M.

RISTIC*

Institute for Problems of Materials Sciences of the Academy of Sciences of the Ukrainian SSR, Kiev,

USSR, and *Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade,

Yugoslavia

The electron paramagnetic resonance spectra of Mn2+ ions in lithographic stone were

examined. The following constants of the spin Hamiltonian were derived: g = 2.002 ± 0.001,

D = 7.5 ± 0.2 mT and E = 0.35 ± 0.1 mT. Next to the -1/2, m—• + 1/2, m transitions and

hyperfine forbidden transitions, other lines of the fine structure were identified. It was established

That deformation of the samples produces a change in the EPR spectra which is manifested by

changes of half-widths and shapes (as well as anisotropics) of individual lines of various transi

tions. The results enable an establishing of a relationship of the observed changes with the degree

■of deformation of the samples.

(Received 12 January 1983)
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A TIME OPTIMAL ELECTRODEPOSITION OF METALS FROM A BATH

WITH INSOLUBLE ANODE AND LIMITED VOLUME OF SOLUTION*
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A model of suboptimal regime of electrodeposition of metaJs has been deve

loped and checked with experiments. Electrodeposition of copper has been used

for this purpose. It was shown that the deposits obtained using the suboptimal and the

constant current regimes are of the same quality, but the suboptimal regime provides

a shorter deposition time.

The electrodeposition of metals by a pulsating current or overpotential

lead to formation of more compact deposits than in the case of the deposition

by the constant current or overpotential1. This applies to the deposition from

solutions with constant concentration of electrodeposited ions, e. g. plating pro

cesses. In electrowinning of metals and in charging of some chemical power sour

ces, however, a concentration of the reacting species decreases with time. In these

cases a maximum deposition rate in a potentiostatic regime occurs at overpoten-

tials which correspond to the diffusion limiting current where rough and pow

dered deposits are obtained1. On the other hand, relatively smooth deposits can

be obtained by very high frequencies of pulsating overpotential (up to 105 Hz)

even at average current densities which are close or equal to the diffusion

limiting current density2. Thks is easily obtained in the laboratory size cells but

difficulties arise on a practical scale because of the demands for a high power

and a high speed potentiostat. In the galvanostatic deposition such regime can

be approached by a stepwise decreasing pulsating current. Namely, it was shown3

that an average pulsating current gives smoother deposits than the corresponding

constant current density. The purpose of this work is to show the conditions for

a deposition of metals in a compact form a bath with an inosluble anode and

a limited volume of solution. The conditions are specified as the subop

timal regime based on the stepwise decrease of a pulsating current.

* Presented at 32nd I. S. E. Alec ng, Dubrovnik/Cavt^
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EXPERIMENTAL

Copper has been deposited onto a platinum electrode (surface area 4.0 cm2) from a solu

tion containing 0.25 mol/dm3 CuSC>4 and 0.5 mol/dm3 HsS04 in an open cell (volume 20 cm3)

at room temperature. A Winder platinum electrode was used as the counter electrode. The re

ference electrode was made of electrolytic copper. A deposition was performed by constant current,

pulsating current and pulsating overpotential. All experiments were carried out till the time when

the actual concentration of copper ions reached one half of the initial value (Co/2). In the case

of the pulsating overpotential (frequency 103 Hz, average overpotential 0.25 V) the value of

average current was measured. The experiment ended at the time when / = /o/2.

The galvanostatic experiments were done in two steps. First, the tj — r dependence

for the constant current /o/2 was established. That enabled to obtain the transition time and

the corresponding overpotential. Then, the same experiment was repeated. A deposition was

stopped at the overpotential corresponding to the transition time and a quality of the deposit was

examined and a microphotography made. In same way, the transition times and the overpoten-

tials for the average pulsating currents of 0.9, 0.8, 0.7, 0.6 and 0.5 7o were determined. In the

second experimental step a deposition was performed in the suboptimal regime by the pulsating

current. At the moment when the overpotential reached the value corresponding to the transi

tion time for the starting average pulsating current 0.9 Jo the current was reduced to the next

ower step 0.8 7o and so on. The procedure was ended up with the transition overpotential for

the average pulsating current 0.5 /o. All photomicrographs were taken under magnification 10 x.

RESULTS AND DISCUSSION

It is known4 that the diffusion limiting current in the potentiostatic

deposition (insoluble anode, limited volume of solution) varies with time accor

ding to:

/=7oexp(-^r) (1)

with

fi/2 = — In 2. (2)

SD

A time dependence of the average current in the pulsating overpotential deposi

tion is given in Fig. 1. It is obvious that the current change obeys the eq. (1) with

the half time of the reaction tin = 132 min. During the galvanostatic de

position the change of the concentration is given by

dC/dr = - I/z FV

which gives

C = C0 - It/zFV- (3)

The largest constant current which can reduce the concentration from Co

to Co/ 2 is obviously To/ 2. Taking into acount that

Io = SzFDColS

and substituting C and J in eq. (3) with Co/2, and 7o/2 respectively, one

obtains the minimum time for the concentration change from Co to Co/2 in

the galvanostatic constant current regime
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120 ISO
TIME (mini

Fig. 1. Time dependence of the log / in the

pulsating overpotential deposition (frequency 103

Hz, pause to pulse ratio 1).

t°2 = 8VISD. (4)

From eqs (2) and (4) it follows that,

tut * 0.69 tfn. (5)

The values of til* determined from Figs 1 and 2, are 132 and 208 min, res

pectively, give the ratio

 

100L

120 180 TIME (mini

Fig. 2. Time dependence of the overpotential in the galvanostatic

constant current regime (/ = Iajl = 47 mA).

tin = 0.64 tfl2

which is in good agreement with a prediction of eq. (5).
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Deposition times in the suboptimal regime described in the experimental

part (a stepwise decrease of an average pulsating current) can be calculated from

the equation

»C0= (»+0.1)Co - -tn (6)

which is a generalized form of eq. (3), where n = 0.5, 0.6, 0.7, 0.8 and 0.9. One

can choose soome other stepwise decrease of pulsating current. In general, the smaller

the average current step the suboptimal regime becomes closer to the

optimal one.

 

TIME [mm]

Fig. 3. Transition times and overpotentials for different I/Io ratios

in the suboptimal regime i. e. the stepwise decrease of the pulsating

current (frequency 100 Hz, pause to pulse ratio 1).

Fig. 3 gives a dependence of the average overpotential on the deposi

tion time for assigned values of the average pulsating current, 100 Hz,

pause to pulse ratio 1 (Fig. 4). Experimental data are represented by an

full line (Fig. 4) while a dashed line depicts deposition times calculated

from eq. (6).

tn = - — t
<;
1/2 (7)

Rearranging of eq. (6) gives

0A8V

n SD

which provides the relation between tftl and tft2 i n the form

tf,2= t0.9 + t0.9 + f0.7 + f0.6+ '0.5 = 0.1 tff, (— + ^ - + ~ + — + — +—\

\0.9 0.9 0.8 0.7 0.6 0.5/

or

rf/2*0.75rfi2 (8)

Experimental values of t^a from Figs 2 and 4, 208 and 144 min respectively,

give the ratio of 0.7 which is in a good accordance with that predicted by

eq. (8).

From eqs (2) and (7) one obtains,
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ct-E

a 8

Fig. 4. The stepwise decrease of the pulsating

current (100 Hz) in the suboptimal regime and

the transition times: experimentally obtained

(full line) and calculated (dashed line) from eq.

(6) using l°, from Fig. 2.

tsl2 « 1.09 fl/2

which says that this kind of the suboptimal regime should be less effective than

the optimal one for about 9%. Experimental values of ri/2 and rf,2

from Figs 1 and 4, 1 32 and 1 44 min respectively, give the same ratio number.

Microscopic examinations of the deposits obtained by the constant

current galvanostatic regime (/ = Io/2 = 47 mA, deposition time tfl2 = 208

min) and te suboptimal pulsating current regime descibed previously (ini

tial average current 0.9 Io = 84.6 mA, 100 Hz, pause to pulse ratio 1,

tfl2 = 144 min) show that the deposits are practically of the same qua

lity. This is in agreement with the recent results which show that the

deposits obtained by a pulsating current are always less rough then those

obtained by the constant current, regardless of the current densities ratio5.

We conclude that a suitable suboptimal regime can accelerate a metal

electrodeposition process with no harmful effects on the quality of deposits.

This is also valid for electroplating processes with an insoluble anode.

Perhaps the most important point is the possibility of the zinc-silver stor

age batteries fast charging with no dendrite formation by means of this

kind of the suboptimal regime.

70;

6C.

--,0.7

i06

OS

60 ,2° TIME lm.nl

NOMENCLATURE

C — concentration

Co — bulk concentration

D — diffusion coefficient

F — Faraday constant

/ — current

io — initial limiting diffusion current

S — electrode surface area

t — time

1 1/2 — half time in potentiostatic conditions

t" — half time in galvanostatic conditions

tf,, — half time in suboptimal regime

V — volume of solution

Z — number oy electrons

8 — thickness of the diffurision layer

7) — overpotential
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H3BOA

JEflAH BPEMEHCKH CYEOnTHMAJIAH PEHCHM TAJIOHCEIfcA METAJIA H3

KYriATHJIA OrPAHHMEHE 3AI1PEMHHE Y3 HEPACTBOPHE AHO.HE

KOHCTAHTHH H. nOnOB, MHOflPAT JX. MAKCHMOBHTi,

El'AHUC.IAB >K. HHKOJWR m BJEKOCJIAB M. HAKHl*

TexHOAoiuKO-meiua/typuiKu faKy.tuteiu yHu»ep3uuieuia y Eeotpady, u. up. 494,

11 00 1 Eeoipab u *Hncuiumyui 3a enexuipoxeMujy HXTM,u.itp. 815, 11001 Eeotpad

Pa3BHjeH je bpcmchckh cy6oirrnManHH pe>KHM Tajioweiba MCTa/ia H3 orpamraeHe .TanpcMHiie

pacreopa ya HepacTBopHe aHo^e, 3acHOBaH Ha CTeneHacroM CMaH>CH>y rycrHHe nyncHpajyhe crpyje.

Ha npniwepy Tajiomenba 6anpa je noKa3aHO «a ce Tanor Hcror KBanHTeTa iwowe ao6hth obhm

peKBMOM 3a Kpahe Bpe.vie Hero npH TanojKeJty KOHcraHTHOM crpyjoiw.

(ripHMJbeHo 21. cenTe/nSpa 1982; peBiiflHpaHO 28. jauyapa 1983)
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It has been found by using the ion exchange method that calcium, strontium and barium

form with hydroxybenzene complex compounds of low stability. Determinations were performed

at a constant ionic stength of the solution u, = 0.016. Calcium and hydroxybenzenc form a complex

[Ca(CH60)]+ with the stability constants log Pi = 1.71, 1.35 and 1.09 at 20, 30 and 40°C, re

spectively. The following thermodynamic data have also been determined: A// = — 59.8 kj/mol,

AF° = - 9.60 kj/mol, - 7.84 kj/mol and -6.53 kj/mol at 20,30 and 40°C, respectively, and

AS° = - 0.17 kJ/mol -K. The strontium - hydroxybenzenc complex [Sr(CtHsO)s] has

the stability constant values, log fit = 3.63, 3.48 and 3.32 at 20, 30 and 40*Q, respectively and

the thermodynamic data A// = - 29.0 kj/mol, AF° = - 20.4 kj/mol, -20.2 kj/mol and -19.9

kj/mol at 20, 30 and 40°C, respectively, and AS° = - 0.03 kJ/mol-K. The barium - hydroxy

benzenc complex ]Ba(CeH50)s] whose subility constant is log fa — 3.88, 3.70 and 3.57 at 20,

30 and 40°C, respectively, has the following thermodynamic data A// - — 29.1 kj/mol, AS" =

= — 21.8 kJ/mol,2I.5 kj/mol and - 21.4 kj/mol at 20,30 and 40X, respectively, and AS =

= -0.03 kJ/mol-K.

No data on complex formation between hydroxybenzene and calcium,

strontium and barium ions are to our knowledge found in the literature.

Our previous investigations5 have shown that a [Ca(C6HsO)]+ complex is

formed in the reaction between calcium and hydroxybenzene.

EXPERIMENTAL

Calcium, strontium and barium concentrations were measured by using atomic absorption

spectrometers Perkin-Elmer, models 370 and 403.

All the pH-metric measurements were performed on a pH-meter pHM 28 Radiometer,

Copenhagen.

The reagents used in the work, all p. a. grades, were: hydroxybenzene, Ca(NOs)i-4HiO,

Sr (NOi)j, Ba(NOa)2 and NaOH, Merck, cation exchanger Dowex 50 and potassium biphthalate,

Fluka AG, as well as buffer solutions: S 1001 and S 1231, Radiometer, Copenhagen.

The method and technique described in our previous paper5 were used.

159
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RESULTS

pH-Metric investigation of complex compounds . , .

Formation of calcium, strontium and barium complexes with hydroxy-

benzene was studied by preparing metal salt and hydroxybenzene solutions of

the same concentration (0. 1 mol/dm3)1-2 from which were then formed three

types of mixtures: salt solution and hydroxybenzene, salt solution and

water, and hydroxybenzene and water, by mixing equal volumes of compo

nent solutions or water. It is evident from Table I that the lowest pH

values are obtained for salts and hydroxybenzene solutions mixtures.

TABLE I

Mixture
PH

Ca Sr Ba

Salt and CeHsOH • 6.42 , . 5.62 6.12

Salt and water 6.80 6.82 6.43

C.H.OH and water 6.92

The higher H+ ion concentration in salt and hydroxybenzene solution

mixtures as compared to the total concentration of the same ions in salt — water

and hydroxybenzene — water solutions mixtures is ascribed to complex formation

between metal ions and hydroxybenzene according to the reaction;

M2+ + nCeHsOH ^ [M(C8HsO)„]2-» +>H+.

The' composition of the formed complexes could not be determined

by pH-metric or Job's method3 due to small differences in the pH values

of solutions at different molar ratios of the components.

Determination of the composition and stability constants of the complexes

by the ion exchange method

The investigation was performed by Schubert's method4 modified for these

systems in our earlier work5. Also, the data obtained for the calcium and hydroxy

benzene complex9 were corrected by the hydroxybenzene dissociation constant

value determined earlier6.

Experiments were carried out at 20, 30 and 40° using 3 series of solutions,

each containing 50 cm3 volumes of 3 solutions with 0.1 g of ion exchan

ger prepared according to Schubert's method. Each solution actually con

tained 0.002 mol/dm3 of strontium or barium nitrate and 0.01 mol/dm3

NaOH (purified to remove sodium carbonate, then standardized by using

potassium biphthalate). Hydroxybenzene concentrations in the investigated Sr

complex were 0.40, 0.30 and 0.20 mol/dm3 and those in the Ba complex

0.30, 0.26 and 0.13 mol/dm3. The ionic strength was first adjusted with

NaOH to 0.016 at a pH = 8.60 and the solutions were then constantly

shaken for 1 5 min. Solutions from the first series were thermostated at

20°, those from the second at 30° and from the third at 40 ± 0.5° for

at least 30 min. ... . , :'■ •• • . r '
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Fig. 1. Dependence of the distribution

coefficient of strontium on the hydroxy-

benzene concentration square
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Fig. 2. Dependence of the distribution

coefficient of barium on the hydroxyben-

zene concentration square

Determination of Sr and Ba in the 0.40 mol/dm3 hydroxybenzene

solution has shown negligible contents of these elements.

By using the modified Schubert equation for determination of K%,

diagrams were drawn for a l/Kd dependence on the square of hydroxybenzene

concentration in the investigated solutions, as shown in Figs 1 and 2.

Intercepts of the obtained straight lines represent l/K^ values. As it is

seen in the figure, deviation of the points from the straight lines is the

highest for Sr and Ba at 20°. The deviation being lower than the stan

dard deviation (± 0.003 IjKa for Sr, ± 0.016 l/Ka for Ba, as shows by

the vertical lines intersecting the points) the straight line is within the

measurement error. The deviation was corrected by the least squares method

and shown, for comparison with the previously obtained results, as Ka cor

in Table II.

TABLE It." VAlUes of the distribution coefficients of Sr and Ba at different temperatures and
■ different hydroxybenzene concentrations Strontium

Ki, exp Kdt cor

1 2 3 1 2 3

20 8.93

30 11.2

40 14,5

12.8 15.7 22.2

24.4

27.0

9.17

11.2

14.3

12.3

14.7

18.0

16.4

18.9

22.0

14.9 18.5

17.9 22.1

1. 0.4000 mol/dm8, 2. 0.2600 mol/dm8, 3. 0.2000 mol/dm3

Barium

CH5OH

. .
Ktl, exp jKu, cor

* 1 2 3 1 2 3

20 2.30

30 4.13

40 6.49

5.05 9.09

8.40 13.7

12.8 20.4

18.2

25.0

33.3

2.44

4.29

6.67

4.76

7.87

12.2

10.5

15.6

22.7

4. 0.3900 mol/dm*, 2. 0.2600 mol/dm8, 3. 0.1300 mol/dm' CaHsOH
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K$ and K* core values from Table II were used for graphical determination

of the relative stability constant of the complex. The slope of the straight

lines on the diagram in Figs 3 and 4, n = 2, shows that both Sr and Ba

form with hydroxybenzene complexes with the ratio 1 : 2, i.e. Sr : C«HsO- =

= 1:2 and Ba : C6HsO~= 1 :2 . Intercepts on the ordinate represent rela

tive stability constants of the complex, log (i'2, at different temperatures.

 

Fig. 3. Schubert's method for determination of the relative stability

constant of the strontium-hydroxybenzene complex

The total concentration stability constant, (ij, °f me complexes has

been calculated from the expression given in the previous paper5 and

the thermodynamic stability constant, P2, from the expression:

P» = h-nlfl+F-,

where n is the number of hydroxybenzene ions in the complex, fz-n is

the activity factor of the complex, fz+ and /_ are, respectively, factors of

Sr2+ and Ba2+ ions in hydroxybenzene. The results are presented in Table III.

The thermodynamic functions have been calculated from the stability con

stants of complexes at different temperatures. Enthalpy change has been deter

mined graphically from the van't Hoff relation for the reaction isobar (Figs.

5 and 6). The change of the standard free energy at different tempera

tures and of standard entropy, has also been determined. The results

obtained are shown in Table IV.

Calcium-hydroxybmzene complex

From the data for relative stability constants, of the calcium-hydro-

xybenzene complex5 at 20, 30 and 40° and hydroxybenzene dissociation con-
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Fig. 4. Schubert's method for determination of the relative stability

constant of he barium-hydroxybenzene comp ex

TABLE III. Values of the relative, concentration and thermodynamic stability constants of the

complexes [Sr(C«H50)s] and [Ba(C*HsO)»] at different temperatures

Strontium

1° P«' ft P* log 0s

20 8.913 1784 4304 3.63

30 7.079 1222 2999 3.48

40 5.248 839.8 2098 3.32

Barium

1° P«' P' P* log P.

20 39.81 3175 7660 3.88

30 29.37 2018 4955 3.70

40 23.99 1526 3808 3.57

stant value8 we have calculated in the present work concentration and

thermodynamic stability constants (Table V), as well as thermodynamic func

tions of the complex [Ca(C6H50)]+.

The dependence log (Ji on l/T is shown in Fig. 7 and the enthalpy,

standard free energy and standard entropy change is given in Table VI.
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Fig. 5. Dependence Of the Fig. 6. Dependence of the Fig. 7. Dependence of the

thermodynamic stability thermodynamic stability thermodynamic stability

constant of the strontium- constant of the barium- constant of the calcium-

-hydroxybenzene complex -hydroxybenzene complex -hydroxybenzene complex

on temperature on temperature , . on temperature

TABLE IV. Values ofthe standard entropy, enthalpy and standard free energv at different tempera

tures, "for the complexes [Sr(C6H50)2] and [BaCCeHsO^]

Strontium

t° ; AF° (kj/mol) AH (kj/mol) AS0 (kJ/mol-K)

20 -20.4

30 - 20.2 - 29.0 -0.03

40 - 19.9

Barium

... . 1° AF° (kj/mol) AH (kj/mol) AS°(kJ/molK)

20 - 21.8

30 -21.5 - 29.1 -0.03

40 - 21.4

TABLE V. Values of the relative, concentration and thermodynamic stability constatns of the

complex [Ca(C,H50)]+, at different temperatures

t° p; " pi Pi iogpt

20 1.062 28.6 51.4 1.71

30 0.569 12.4 22.6 1.35

40 0.507 6.71 12.3 1.09

TABLE VI. Varies of the standare entropy, enthalpy and standard free energy at different

temperatures, for the complex [Ca(C,HsO)] 1

fC AF°(kJ/mol) AW(kJ/mol) AS° (kJ/mol-K)

20 - 9.60

30 - 7.84 - 59.8 - 0.17

40 -6.53
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DISCUSSION

Our investigations have shown that Ca(II), Sr(II) and Ba(II) form with

hydroxybenzene complexes [Ca(C6H50)]+, [Sr(C6H50)2] and [Ba(C6H50)2]

which have relatively low stability constants.

Since no data on these complexes have been found in the literature, we

have compared their stability constants with those of these metal complexes with

other organic ligands7. The log Pi values of the calcium complexes vary

in the interval 0.8 — 3.96, and log P2 values of the strontium complexes in the

interval 1.89—2.85. Only the logp2 values for the barium complexes with acety-

lacetonate and its derivatives are relatively high: 9.0 and 8.0, but no similar data

for these complexes have been found in the literature. However, the litera

ture values for log Pi of barium complexes are low, and vary in the in

terval 0.08 —3.60. Our results also vary within these limits.

The values of thermodynamic functions show that the complex formation

reaction is a sponatneous exothermal process with lowered entropy of the

final state of the system in the temperature range from 20 to 40°C.

h 3 b o a

HCnHTHBAH>E KOMIIJIEKCHHX JE£HH>EH,A XHJHPOKCHEEH3EHA CA JOHHMA

KAJILIHjyMA, CTPOHUHjyMA H EAPHJYMA

UPArAH C. BECEJIHHOBHH h flYIHAH JI. MAJIEIHEB

IlHtiuuiuyw 3a $iuu<iKy xentujy, npupodno-MaweMaiuuiKU foxKynuiew, Eeoipad u IlHciuuuiyiu 3a

<fru3uuxy xeMujy, <PapMaueyuicKu (paKyjiiueiu, Eeoipad

IIpHMeHOM MeTOfle joHCKe M3MeHe HafieHo je fla y 6a3Hoj cpchhhh XHflpoKCH6eH3eH (pop-

Miipa KOMiuiCKce ca joHHMa Ca(II), Sr(II) h Ba(II). OapeljeHe cy KOHCTairre cra6miHOCTH,

cacran h TepMOAHHaMira<e (pyHKimje peanmije o6pa30BaH>a obhx KOMimeKca. CBa Mepeiba cy

Bpmeita Ha joHCKoj jamam (i = 0,016. KaniHfjyM h xHflpoKcn6eH3eH (popjvmpajy komiuickc

[Ca(C«HsO)]^ ca KOHcrraHTaMa cra6HJiHocTH log Pi : 1,71 Ha 20°, 1,35 Ha 30° h 1,09 Ha 40°.

OapebeHe cy oiejiehe Tep.MOAHHaMHMKe Bcnirome: AH = — 59,8 kj/mol, AF° = — 9,60 kj/mol

Ha 20-, - 7,84 kj/mol Ha 30° h - 6,53 kj/mol Ha 40°. AS° = -0,17 kJ/mol-K. CrpomwjyM

h xnnpoKCH6cH3eH (popMHpajy komiuickc [Sr(C6H50)a]caKOHCTaHTaMacTa6HJiHocTHlogPj : 3,63

Ha 20% 3,48 Ha 30° h 3,32 Ha 40°. TepiwoflHHaMHMKe BcrimffiHe cy: A//= -29,0 kj/mol, AF°= -

AF°= - 20,4 kj /mol Ha 20° • - 20,2 kj/mol Ha 30" h - 19,9 kj/mol Ha 40°. A5° = - 0,03 kj /mol • K .

EapjijyM h xiiapoi<cn5eH3eH (popjvuipajy KOMnJieKC [BatCeHsC^z] ca KOHCTaHTaiwa CTa6mmocTH

log Pi : 3,88 Ha 20°, 3,70 Ha 30° h 3,57 Ha 40°. TepMOflHHaivureKe BejiHtame cy: A//=-29,l

kj/mol, AF° = -21,8 kj/mol Ha 20°, -21,5 kj/mol Ha 30° h -21,4 kj/mol Ha 40°. AS° = -0,03

kJ/mol-K.

(IIpHMJbeHo 2. cenTe.«6pa 1982)
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KHHETHMKO-KATAJIHTH^IKO O^PE-BHPAIfcE HATPHJYMTHOCyjI-

<t»ATA, UHCTEHHA, ACKOPEHHCKE KHCEJIHHE H KAJIHJYM^EPO-

UHJAHHAA nPHMJEHOM TPAOHTHE PA,II,HE EJIEKTPOflE

PE4>HK M. 3EJHHJ!OBH3i

Me&a/rypuucu (paxyixuieiu y'nueep3uiueuia y Tuuioipady, 81000 Tuiuoepad

[ MHPOCJIAB H. TyPMITR [ h HHKOJIA J. MAPJAHOBHTi

TexHOAoutKu tfaxy/iuieui Vnueep3uiueuia y Hosom Cady, 21000 Hoeu Cad

(npHJvubeHO 2. jyHa 1982; pcBHflHpaHO 27. Aeue,w6pa 1982)

Haiic»KeHH cy pe3yjiTara HCUHTMBaH>a KHHeTHMKo-KaTajnmwKHX peaiawja

oKCHflaipije y ycnoBnata «a ce ejierapoflHa pearamja OAKrpasa Ha 6p30 nonapn30Ba-

hoj paflHoj e.ieKTpoflK. KHHenwKo-KaTajiHTHMKe peaKipijecy npoyqaBaHe aivuiepo-

MerpHjoM npa 6p3oj npoMjeHH noTeHiwjana, ca cbckmoh jojj/jo/njfl Kao KaTa-

JumpiKHM areHcoM, aok cy Kao cyncrpaTii KopnuiheHH HaTpHjyMTHOcyjKpaT,

L(+ )-UHCTeHH, L(+ )-acKop6HHCKa KHcejiHHa H KajiHjyiwpepouHjaHHfl. Ha ocBOBy

pe3yjiTaTa HcnnTHB3H>a noKa3aHO je «a ce obhm nocrynKOM HaBe^eHH cyncrpa-ra inory

noje^HHaMHo OApeljHBaTH. HcmiTHBaHH cyncTpani noKaayjy KHHenraKo-KaTaflH-

niMKy aKTHBHOCT Ha rpacpHTHoj ejieKTpoflH Koja ce y cbhm cjiyqajeBHMa iwo>Ke

onucaTH jiHHeapHOM (pymanijoM.

y ochobh oBor pa^a je aMnepomeTpHja npH 6p3oj npoiwjeHH noreHnHjajia

hjih oiihcho, eaeicrpoxeMHjcKa hjih ejieKTpoaHajmTHMKa Mero/ja kojj Koje ce Mjepn

crpyja y CHcreMy y 3aBHCHOCTH op, noTeHimjajia pa^He ejieKrpofle, npH qeiviy ce

noTemmjaji jnmeapHO hjih TpnaHryjiapHO MHjeaa y (pyHKinijH BpeivteHa. OBa

MeTOfla ce y JiHTepaTypn 03Ha^aBa Ha BHiue Hamma. ripeMa HOMeHKJiaTypH Ko-

MHCHje 3a ejieicrpoaHajiHTHUKy xeMHjy1, npeflJioweHH cy Ha3HBH Chronoampepo-

metry with linear potential sweep hjih Potential chronoamperometry, acpaheno

PSCA (iuto KopncTHMO y flajbeM TeKcry). Ilo MHuiJbeay ayropa, OBoj Mero/jH

na Hauieiw je3HKy Haj6ojbe o^roBapa Ha3HB „AMnepoMeTpHja npH 6p3oj npojwjeHH

noTeHUHjajia".

y eKcnepHMeHTajiHOM flHjejiy OBor paaa HcmiTHBaHH cy KHHeTHHKo-KaTa-

.ththukh npoceuH y KojHMa ce Kao KaTajonrraKH areHC KopncrH CHcreM )op[)op}ip,

npH qesry ce y ejieicrpojjHoj peaKUHjH #emaBa OKCHflaimja jojnifla, a y xeMHjcKoj

peaKHHjn — pe/jyianija jopa.

3a peflyKUHjy jofla, Hacrajior y xeMHjcKoj peaKHHjH, Kao peflyKyjyhn

cyncTpaTH KopnuiheHH cy: HaTpHjyMTHOcyjKpaT, L(+)-UHCTeHH, L(+)-acKop6HH-

o<a KHcejiHHa h KajmjyM(pepoHHjaHH!i.

PeflOKC-CHcreM ]op,l)op,up, o,zrpel)HBaH je KyjiOHOiweTpHjcKH2"5, nojiaporpacp-

ckh3'5 h noAiohy PSCA7 Ha ruiaTHHCKoj ejieKTpoflH. Pojjokc CHcreM TeTpaTHO-

HaT/raocyjKpaT oflpe^HBaH je nojiaporpa<J)CKH3'8 h noMohy PSCA7 Ha njiainHCKoj

ejieicrpo/jH. PejjoKC CHcreM L(+ )-uhcthh/L(+ )-UHCTeHH o/jpel)HBaH je nojiapo
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rpac|)CKH3, Bo.iyMeTpHjcKH13 h noMohy PSCA7 Ha riJiaraHCKoj ejieKTpojjH. PejroKC-

-CHcreM L( + )-flexHflpoacKop6HiicKa KHcenHHa/L(-!-)-acKop6HHCKa KHcejiHHa oa-

pe^HBaH je /nipeKTHOM9 h hhahpckthom5 Ky.rcoHOMeTpHjcKOM THTpau.HjoM, nonapo-

rparpCKH3, PSCA10 npHMjeHOM crauHOHapHe ejieKTpofle >khbhhc Kami h PSCA7

npHMjeHOM rmaniHCKe ejieicrpoae. Pcjiokc CHcreM (J)epHH.HjaHHfl/dpepoiiHjaHHfl cyj-

pe^HBaH je xpoHonoTeHUHoiweTpHjcKH11, KyjiOHOMeTpHjcKH5 h PSCA7,12 Ha ima-

THHCKOj ejieKTpOflH.

KHHeraMKO-KaTajiHTHHKH npouecn y aHOflHoj oGjiacra noTeHHHjajia Ha e:ieK-

Tpo^H oa KBpcror rpa(})HTa ao ca^a mijecy H3y«iaBaHH.

EKCnEPHMEHTAJlHH ^HO

CBa iicnimmaiLa y obom pamy MBeaeHa cy ca anapaTypoM y Miijoj ochobh je 6ho j-hh-

Bep3ajiHH ejieKTpoaHajiHTHWH HHcrpyMeHT Electroscan TM-30, Beckman, aok ce ejieKTpo,HHH

CHcreM cacrojao H3 n.iaiiapnc flHCK-ejieKTpofle on, UBpcror rpacpHTa WM-40 Radelkis, 3acnhene

Ka^oiwejiOBe ejieicrpofle Beckman h noMohHe miaTHHCKe cmipajiHe ejieKTpoae. Cxe.via anapaType

Ha Kojoj cy upmcua HcmiTHBaH>a flaTa je Ha cji. 1. Kao ejieKTpoaHajiirrmiKa hejiiija cjiywcjuia

 

CiiHKa 1 Figure

<t>yHKUHOHajma cxe.wa ciuiona anapaType 3a PSCA Mjepeiba. Schematic presentation

of the PSCA measuring apparatus. 1. Beckman Electroscan, 2. EjieKTpoaHajiHnmKa

heJiHja (electroanalytical cell), 3. MarHeTHa MjemajiHua (magnetic stirrer), 4. AyroiwaTCKa

6npeTa ABU 12, Radiometer (automatic burette), 5. TepiwoMeTap (thermometer), 6.

PaflHa eJieKTpoaa (working electrode), 7. JlyrHHOBa Kanmiapa h ejieKTpojurnrtrKii moct

(Luggin capillary and electrolytic bridge), 8. PeebepeHTHa ejieicrpofla (refererce electrode),

9. FIoMohHa eJieKrpofla (auxiliary electrode), 10. Ahlin-OBa unjeB (Ahlin tube), 11.

TetpJioHCKa Kanitnapa 3a /to,naBaH>e pacrBopa (Teflon capillapry for solution feed), 12.

UnjeB 3a pacnpiuHBaite a;toTa (nitrogen bubbling tube).

je craKJieHa nocyaa mhjh je ropn>H otbop 3aTBopeH noioionucM y KOMe ce Hana3e otboph 3a

ejicKTpoay. IloMohHa ejieKrpofla je paruuojeiia o« ocnoBHor flHjejia HcnimiBaHor pacrBopa

noMohy Ahlin-OBe ujijeBH. Khccohhk je H3 HcmmiBaHnx pacTBopa yKJioiteH noMohy a30Ta.
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У раду су употребл>аване сл>едеКе хемикали)е: натрщ'умтиосулфат (ЫагЗгОз^НвО)

р. а. Маек, Ь(+) аскорбинска киселина р. а. Мегск; кали)умфероци)анид (К4[Ре(СК)»])

р. а. Мегск, Ь(+)-Цистеин, за биохеми)у, Мегск, кали)ум)одид, неутрални, р. а. Мегск,

сирЬетна киселина, р. а. Мегск и натри)умхидроксид, р. а. 2ак1аёу СЬеппсхпе Озтепсмп.

Остале хемикали^е ко)е су у раду коришКене као помоКне, биле су аналитичке чистоЬе.

Сви раствори ко)н су коришКени у овом раду справл>аии су у води ко)а )е прво де-

стилована, затим де)онизована пропуштан>ем преко стуба кат)онског и ан)онског изм)ен>и-

вача ]она.

Као помоКнн (основни) електролит за сва одре^иваша коришЬен )'е 0,5 то1/с1т3

ацегатни пуфер, чи)и се рН кретао у границама 4,86 до 4,83. Раствор )е правхьен ми)'ешав>ем

)еднаких запремина 2 то1/(1т3 раствора сирЬетне киселине и 1 то1/(1т3 раствора натри)ум-

хидроксида.

Раствори кали)ум)одида (генераторског електролита) правл>ени су, непосредно при)е

анализе, растваран>ем чврстог осушеног кали)ум)одида у помоЬном електролиту или у

раствору одре^иване супстанщце. На ова) начин су припреманп раствори генераторског

електролита концентрации а 10 тто1/с1т3. Раствори ман>их концентращ^а доби)ани су

разблаживакем. Раствори одре^иваних супстанци)а припреманп су у помоЬном електро

литу или уз додатак кали)ум)°одида.

Основни раствори натри)умтиосулфата садржали су 100 тто1/агп3, а припреманп

су растварашем чврсте соли у помоЬном електролиту, и уз додатак 0,1 8 натри)умкарбоната

ради стабилизаци)е раствора. Ови раствори су чувани у тамним боцама у хладн>аку. Раствори

ман>их концентрацн)а припреманп су, непосредно при)е стандардизащце и употребе, раз-

блаживакем са чистим помоЬним електролитом или уз додатак кали)ум)одида.

Раствори аскорбинске киселине концентрашце 100 и 10 тто1/с1т3 припремани су,

непосредно при)е стандардизаци)е и употребе, растваран>ем чврсте аскорбинске киселине

у помоЬном или генераторском електролиту и уз додатак комплексона III (1 тто1/огп3)

ради сгабилизаци)е раствора.

Раствори Ь( + )-цистеина концентращце 1 00 и 1 0 тто1/6!т3 припремани су, непосредно

при)е употребе, раствараньем чврстог Ь( + )-цистеина у помоЬном електролиту или уз до

датак кали)ум)Одида.

Раствори кали)умфероци)анида 100 и 10 тто1/с1т3 припреманп су, непосредно при)с

употребе, растваран>ем чврсте соли у помоКном електролиту или уз додатак кали)ум)Одида.

Раствори прве три одре^иване супстанщце стандардизовани су индиректним кулоно-

метри)ским одре))иван>ем електрогенерисаним )одом. Кулонометри)ска одре^иваша су из

ведена при константно) стру)И у генераторском електролиту (кали)ум)одиду) концентраци)е

0,2 то1/агп3. Завршна тачка кулонометри)ских одре^ивака индицирана ]е биамперометри)-

ски, паром индиферентних платинских електрода поларизованих разликом потенциала од

150 тУ.

Кулонометри)ски одре1)Иване концентраци)е раствора натри)умтиосулфата биле су

измену 100,20 до 100,35 тто1/<1т3 са коефищцентима вари)аци)е од 0,15 до 0,20%, а раст

вора аскорбинске киселине показала су да се коришЬена чврста аскорбинска киселина

може сматрати примарним «андардом. Ова одре^иван>а изведена су са репродуктивношЬу

од 0,15%, изражена као коефищцент вари)аци)е.

Кулокометри)ска стандардизащца раствора Ь( [ )-цистеина кокцентратце 100 и 10

тто1/с1т3 показала )е да )е в)ероватно услщед издва)ан>а сумпора раствор цистеина, из

гледа као концентровани)и 20 и 27,7% због разградн>е цистеина. Како се постиже веома

оштра завршна тачка у об)е титраци)е може се констатовати да и ова распадна супстан-

ци)а реагу1е довол>но великом брзином са )одом а таког)е као и цистеин не реагу)е са електро-

дом у Р8СА одре!)иван>има. Због тога су сва испитиван>а рачуната са кулонометрщеки

одрег)еном концентрациям цистеина (рачунато на Ь(+ )-цистеин).

Раствори кали)умфероци)анида нису стандардизовани (примарни стандард).

При одре!)иван>у криве стру)а-потенци)ал, потенциал )е саопштаван у опсегу од

0 до +1 У(ЗКЕ) у анодном см)*еру. Брзина пром)ене потенциала ги )'е износила 100 тУ/з.

Посшуйак: У електроаналитичку Ьели)у одм)'ери се 20 ст3 генераторског електролита

у ко)'и се из аутоматске бирете дода;е раствор одрег)иваних супстанщ^а направлен у помоЬ

ном електролиту уз додатак кали)ум)одида, тако )е концентраци)а генераторског електролита

т). кали)ум)одида константна, )ер се у испитиваном раствору и Ьелн)н налазе исте концен-

трациде генераторског електролита. Прва крива стру)а— потенциал односн се на концен-

траци)у генераторског електролита. Посли)е сваког додатка око 0,5 ст3 истггиваног раствора

сними се крива стру)а-потенци)ал до укупне запремине 2,5 ст3.

Посли)е сваког сукцесивног додавала раствора супстрата, концентраци)е супстрата

рачунате су из разблажела по формули:



по ЗЕ.ЖИЛОВИЪ, ТУРЧИЪ и МАПАНОВИЪ

У,

С» - С, (тлго1Л1т3)

20 + V,

гд)е )е: С, — концентраци)а испитиваног раствора супстрата (тто1/с-т3), С, — концен-

траци)а основног раствора супстрата (тто1/дт3) и К, — инкремент основног раствора

супстрата (стэ).

Концентраци)а супстрата се ми)ен>а у опсегу од 0 до 11,11 и 0 до 1,111 тпкй/скп3,

Т). пет тачака )е коришЬено за одре^иван>е завясности измену стру)е, М)ерене на максимуму

криве стру)а-потенци)ал и концентраци)е супстрата.

По завршеном одре1)иван>у, непосредно при)'е оьедеНег одре^иванл, изведена \с

регснераци)а графитне (радне) електроде, кода се састо)и у чисто механичном третману

за разлику од припреме платинске електроде, ко)а се састо)в и у механичном и хеми)Ском

третману. Платинена електрода се до сада углавном користила као радна електрода у

■електродним реакци)ама оксидаци)е.

РЕЗУЛТАТИ ИСПИТИВАНЬА

На основу експерименталних података методом на)ман>их квадрата од-

ре!)ени су аналитични облици зависности измену концентраци^е супстрата и

струне М)ерене на максимуму криве стру)а-потенци)ал. Ови параметри су дати

у облику коефици)ената а, Ь и г из линеарне функщф облика:

и = а\ с + Ь\

гд)е )е: »'* — струна м)ерена на максимуму ((аА), а\ — коефшцфнт правца

{(лА • ёт3/т то1, с — концентраций (тто1/сип3), Ь\ — одс^ечак на » оси

(}лА) и г — коефициент корелаци)е (1). Резултати су дати као среднее ври)ед-

ности из на)ман.е три м]ерен,а у таблици I.

У свим одре!)иван>има квантитативни аналитични параметри су изаража-

вани и као бездимензионална величина односа стру)е у систему (»*) према

струги генераторског електролита (гв) и дати су као среднее ври)едности коефи-

ци)ената а0, Ь0 и г у функцией:

|*/»# = а0 С1 + Ъ{.

Бездимензиона функщф уведена )с ради елиминисан.а неких експери

менталних грешака и по аналогией у складу са литературним подацима.

ТАБЛИЦА I ТАВЬЕ

Резултат Р8СА кинетичко-каталитичког одре1)иван>а испитиваних супстрата и Щ.

Кези1(з оГ Р8СА 1ипе11С-саЫуис ёекгтшпапоп оГ шуезвдоес! зиозгппез апс5 К1.

Концентраци)а Конц. К]

Супстрат Сопсеп1Шюп Сопс.К! г в» ь. г

5иЬзСта1е тто1/<1т3 тто1/с1т3

N8,3,0, 0-11,11 10,0 70,94 1127 0,999 0,07

0,59

1,12

1,18

0,999

» 0-1,111 1.0 74,64 148,1 0,997 0,997

Ь(+)-АК 0-11,11 10 24,49 1208 0,998 0,02 1,01

0,97

0,998

0-1,111 1,0 18,32 97,93 0,996 0,18 0,996

КРС (И) 0-11,09 10,0 29,43 1040 0,999

0,991

0,03 1,02 0,999

13 0-1,113 1,0 37,83 153 0,26 1,02 0,991

Ь( + )-суз 0-9,255 10 78,76 1269 0,997

0,998

0,08 1,22

1,26

0,997

» 0-0,870 1,0 134 147 Ы4 0,998
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ДИСКУСЩА РЕЗУЛТАТА

У Р5СА одре^нванэима у ощени резултата, као квантитативни пара-

метри су коришЬене 1фИ)едности стру)а на максимумима кривих Р5СА (или

ьихови одиоси) и ври)едности коефишцената у смпири)ским функци)ама. Као

кватитативни параметра коришЬене су ври)едности потенциала у карактерис-

тичннм тачкама кривих стру)а-потенци)а'. У свим Р8СА одре^ивашима, мо-

рамо нагласити да, ври)едности струна \ма]у много веЬи знача) од ври)едности

потенциала обзиром на тачност и репродуктивност са ко)Има су ове величине

одре!)Иване. На прим)ер просечна одступаньа стру)а у паралелнгм одступа-

н>има износила су око 4%, док су ври)едности потенциала одступала измену

10 и 100 тУ. Ове разлике потенциала, посматране у оквиру Р8СА, ни)есу

велике и неуобича^ене, али су онсмогуНиле сигурно поре!)сн>е експеримен-

талних и теори)Ских зависностн изпедених за кинетичко-каталитичке процесс

Утвр1)у)уЬи узроке нерепродуктивности м^ерених и саопштаваних по

тенциала, зашьучили смо да пстлчу од неких експерименталних грешака

нпр. неу^едначене припреме графитне електроде, не)еднаког отпора рефе-

рентне електроде и елиаролитичке везе (Лугинове капиларе).

Кинетичко-каталитички процес одре!)иван>а натри|умт"осулфата електро-

генерисагаш )одом, ко)и се одви)а у условима Р5СА, састо)и се из стьедеЬих

фаза: а) Електродна оксидаци^а )0дида до )ода; Ь) Дифузи)а )'одида ка радно)

електроди; с) Дифузи)'а )ода ка гаствору; с!) Реакци)а )ода са натри)умтио-

сулфатом у приелектродном сло)у, при чему наста)у натри)умтетратионат и

)одид; е) Дифузи)а натри)умтиосулфата (из раствора) ка електроди, односно

приелектродном сло)у; \ ) Дифузи)а натри)умтетратионата ка растовру; %) По-

новна реакци)а )одида, насталог у фази; Л) Са радном електродом. Ова фаза

представлю непосредан узрок наста)ан)а „додатне" кинетичко-каталитичке

струне.

Ври)едност потенци]'ала максимума ко)И одговара реакцией натри)ул1-

тиосулфата с )одом износи Етах = +0,640 V према ЗКЕ (у литература

+ 0,628 V).

Та) процес се може оипсати системом од три парщфлне диференщфлне

)едначине ко)е има^у облИК:

дСк

д1

= Г>я--2-К + кСъС0

дх*

(0

дС0

д1

= О0-д2С° -кСг Со

дх2

(2)

дСг

= ' — кСг Со

дх*

(3)

д1

гд)е )е: Са = Сг~, С0 = Сз и Сг = СкагЯгОз и К — кгСг2. Са Б су озна-

чени одговара)уЬи коефици)енти дифузи)е, а са к — константа брзине ре-

акци)е.

Ако се у р)ешеН>е ових диференци)алних ('едначина прсма Хаусапг-у и

У1апе11и-у15 и КепЛез-у15 а §сус1к-у17:

ЫЬ = А;1/2/0,446 а1'*

уврсте ври)едности за А' доби)Э)у се ври)едности ко)е има)у линеарну функци)У .
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Упоре1)у)уЬи ври^едност коефици)ената правца из линеарних функци)а

(таблица I) може се заюъучити да се опаданием апсолутне концентра ци)е

натри(умтиосулфата и калн)ум)Одида ври)Сдности коефнци)Сната расту, што

може да се образложи адсорпщфм супстрата на радно) електроди при веЬим.

концентраци)ама .

Према ври)едностима за косфищфнт корелаци^е г, ко)е су блиске ^е-

диннци, посто)и линеарна завнсност измену концентраци^е супстрата и ки-

нетичко-каталнтичке струне.

Процес кинетичко-каталитичког одре1)ива1ьа Ь( + )-аскорбинске киселине

може се представнти сл>сдеЬом схемой: 1) Реакци)а аскорбинске киселине

са позитивно поларизоианом радном електродом, при чему наста)е Ь-дехидро-

аскорбинска киселина; и) Дифузи)а аскорбинске киселине ка радно) електроди;

ш) Дифузи)'а дехидроаскорбинске киселине ка раствору.

Фазама I, п, ш одговара крива приказана цртицама на сл. 2. а) Елек

тродна оксидаци)а )одида до )ода; Ь) Дифузи)а (одида ка радно) електроди;

с) Дифузи)а )Ода ка раствору; 6) Реакци^а )Ода са аскорбинском киселином,

при чему наста)у )Одид и дехидроаа<орбинска киселина; е) Реакци)а )одида,

насталог претходном реакциям (а), са радном електродом. Ова реакци)а

представлю неиосредан узрок наста)ан>а додатне кинетичко-каталитичке

струне (и — »'»).

Оксидащф )одида, без присуства аскорбинске киселине (фазе а, Ь, с)

одговара крива приказана тачкама и цртама на сл. 2 а укупном кинетичко-

-каталитичком процесу — крива приказана пуном лини)ом. Крива приказана

кружиКима одговара кинетичко-каталитнчко) реакцией овог система на пла-

тинско] електроди, прсма подацпма из литературе".

За математичко дефинисаше процеса кинетичко-каталитичког одре^и-

ван>а аскорбинске киселине у условима Р8СА било бн потребно ри)ешити

систем од три диференщлалне )едначине, ко)и би имао облик као систем

(I) — (3). При томе би треЬа ]едначина описивала нром)ену концентраци)е

аскорбинске киселине уаьед електродне и хсми)ске рсакци)е. Математпчки

посматрано у овом случа)у проблем )с далеко всЬи и за сада, ова) се процес

теори)ски не може дефинисати, ме1)утим, експериментални подаци показуху

линеарну функци)у и у случа)у кинетичко-каталитичког одре!)нва1ьа натри-

)умтиосулфата.

Упоре1)у)уЬн ври)едности коефшццената правца из линеарних функци)а

(таблица I) може се заюьучити да опадашем апсолутне концс1гграци)е аскор

бинске киселине и кали)ум)одида ври)едности коефицн)сната опада^у што се

може образложитн да )е адсорпци)а супстрата на радно) електроди при веКим

концентрацщ'ама маша него у случа)у кинетичко-каталитичког одре^иваша

натри(умтиосулфата .

Према ври)едностима за коефщдцент корслаци)е г ко)е су блиске )е-

диници, посто)и линеарна зависност измену концентраци^е супстрата и ки-

нетичкокаталитичке струне.

Овд;е се но)авл>у)у два максимума криве стру)а-потенци)ал. Први макси

мум одговара реакцией аскорбинске киселине с електродом и потенциал

максимума износи Етлх = г 0,380 V према ЗКЕ (у литератури 4- 0,440

V). Други максимум одговара реакцией аскорбинске киселине с рдом и

потенщцал максимума износи Ет*х = + 0,620 V према ЗКЕ (у литератури

+ 0,628 V).
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селине (Ь—АК).

Процес кинетичко-каталитичког Р5СА одре^ивааа Ь(+)-цистеина може

се приказа™ истом реакционом схемой као процес кинетичко-каталитичког

одре^ива&а натри)умтиосулфата, с тим што )е продукт електродне и хеми)'ске

оксидаци)е Ь-цистеина, Ь-цистин.

Ври)едност потенциала максимума ко)и одговара реакцией цистенна с

)одом износи Етл* = + 0,660 V према ЗКЕ (у литератури + 0,628 V).

Са сман>ен>ем концентращф об)е компоненте, слично као у случа^у

натри)умтиосулфата запаша се повеЬан>е релативних ври)едности коефици-

)ената правца. Релативне ври)едности коефищфната правца веЬе су од ана

логиях величина у кинетичко-каталитичким одре1)иван»има натри)умтиосул-

фата и аскорбинске киселине.
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npoijec KHHenmKO-KaTajiHTHMKor PSCA oaper)HBaH>a K£uiHjyM<bepoqHjaHHjja

Mowe ce ormcaTH h^chthmhom peanijHOHOM cxeaioM Kao npoi;ec KHHenraKO-KaTa-

jiHTHiKor oflpetjHBaifca acKop6HHCKe khc&uhhc. rpadpHK crpyja-noTeHUHjaji, cji. 3,

TaKobe, HMa curaaH o6jihk nao h rpadpHK acKop6HHCKe KHcejiHHe. KpHBa npHKa-

3aHa Kpyn<HhHMa oflroBapa KHuenmKo-KaTaiuiTHyKoj peaKimjn oBor cHcreMa Ha

njianiHCKoj ejieicrpoflH, npciwa noflauHMa H3 jiHTepaType7.

OBAje ce nojaBJbyjy flBa MaKcmnyMa KpHBe CTpyja-noTeHUHjaji. IlpBH MaKCH-

Myjw oflroBapa peaKUHjH KajiHjyM(pepoimjaHHfla c eneKTpo^o*i h noTeHUHjan MaKCH-

AtyMa H3HOCH £max = + 0,50 V npeMa 3KE (y jiHTepaTypH + 0,466 V). JXpym

MaKCHMyj* oflroBapa peanqHjH KajmjyMdpepouHjaHH.ua c jofloi* h noTemmjaji

MaKCHMyAia h3hoch Emtx = + 0,608 V (y jiHTepaTypn + 0,628 V).

MaibH KoecpHUHjeHTH npaBua npn obhm oflpefcHBaitHMa mory ce o6jacHHTH

MajioM 6p3HHOM xeiwHjcKe peaKUHje.

3AKJBYMAK

riouiTO ce paflH o mhihm KOHH,eHTpau,HjaMa HCiuiTHBaHor cyncrpaTa, a koh-

qeHTpaqHja i<HHennn<o-KaTajiHTHMKor areHca je KOHcraHTa, to ce MOH<e cMaTpara

Aa je xeivuijcKa peaKiraja ncey/j(OMOJieKyjiapHa, oahocho fla je jxcQmnaa peaKHH-

OHor cnoja iwaita oa AefjjBHHe jmdpy3H0H0r cnoja. EMimpHjcKe dpyHKiraje cy

jiHHeapHe. 3a KBamnTaTHBHa oflpetjHBaifca obom mctoaom iwo>Ke ce npHMHjeHHTH

ancojiytHa Me-ro^a aHanH3e.

SUMMARY

KINETIC-CATALYTIC DETERMINATION OF SODIUM THIOSULPHATE,

CYCTEINE, ASCORBIC ACID AND POTASSIUM HEXACYANOFERRATE (II) USING

P. S.C.A. AND A GRAPHITE WORKING ELECTRODE

REFIK M. ZEJNILOVIC, MIROSLAV N. TURClO and NIKOLA J. MARJANOVlO

Faculty of Metallurgy, University of Titograd, YU-81000 Titograd, and *Faculty of Technology,

University of Novi Sad, YU- 21000 Novi Sad, Yugoslavia

Results of an investigation of kinetic-catalytic oxidation reactions are described, where

the electrode reactions take place on a fast polarized working electrode. The kinetic-catalytic reac

tions were followed by potential sweep chronoamperometry with iodine/iodide as the catalytic

agent. The substrates were sodium thiosulphate, L(+)-cysteine, L(+)-ascorbic acid and potassium

hexacyanoferrate(II). It is shown that by this procedure the mentioned substrates can be deter

mined separately. The examined substrates show a kinetic-catalytic activity on the graphite electrode,

which can be described by a linear function in all cases.

(Received 2 June 1982; revised 27 December 1982)
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KHHETHMKO-KATAJIHTHHKO 0£PE'BHBAH>E CMJECA OJX BHUIE

CynCTPATA

PE*HK M. 3EJHHJIOBHTi

Meuia.iypiuKu $aKy.iiueui y>imcp3uiueuia y Tuiuoepady, 81000 Tuuio!pad

\ MHPOGJiAB~H. WPWfi7~j h HHKOJIA J. MAPJAHOBHTi

TexHo.iowKu tftoKyAiueui yHueepuiiueiua y HoeoM Cady, 21000 Horn Cad

(ripHMJbeHO 2. j>na 1982; peBHAHpaHo 27. AeueMcpa 1982)

JUth cy pe3yjiTaTn iicninuBaiba KHHenwKO-KaTMirrmKHx peaiamja okch-

Aaiuije CMjeca oa ppa, rpu h lerapn cyncrpaTa y ycnoBHAia Aa ce cnercrpoaHa pc-

aKujija oflHrpaBa Ha 6p3o noJiapn30BaHoj paAHoj ejieicrpoAH. KHHeTHHKO-Kaiajin-

totkc peaKUjfje cy npoyMaBaHe a.MnepoMeTpujoM npH 6p3oj npoMjeHH noTeHunjajia,

ca cHcreMOM joA/joAHA Kao KaTajurramaiM areHcoM, aok cy Kao cyncrpaTii ko-

pHmheHii a HaipHjy.MTiiocyji(J)aT, L(+)-UHCTenH, L( + )-acKop6HHCi<a KHcejiHHa h

KanHjy.MepepounjaHHA. Ha ocHOBy pe3yjiTaTa HcnHTHBaita noi<a3aH0 je Aa ce civijece

oa ABa, tph h lenipii iicmiTHBaiia cyncrpaTa hcthx KOHueHrpauHja Mory 0Aper)HBa™

obhm nocrynKOM. Ciwjece HcmrTHBaront cyncrpaTa noi<a3yjy KHHeTmrKo-KaTajiHTHMKy

aKTHBHocT Ha rpa(J)HTHoj ejiejcrpoAH Koja ce y cbhm cjiyMajeBHMa MO>«e onncaTH

jiHHeapHiiM <})yHKUHjaMa. CyncrpaTH y cAijecii ce noHamajy Kao Aa cy caMH h noKa3yjy

aAHTHBHe BpHjeAHOcra Koe(J)HunjcHaTa npaBna y jinHeapHoj (JjyHKUHjH.

y npcixoflHOM pa^y1 y flaT yuofliffl aho, onnc anapuiype ii jtcjiobh jichhth-

Baita.

y jniTepaTypH ao ca^a HHjecy ormcaHe KHHeTHMKO-i<aTa.iHTruKc pcaKinije

ca flBa, Tpn h yerapH cyncrpaTa y anoflHoj o6.iacni noTcmmjcvia na e:ieKTpcviH

oa ^Bpcror rpa<J)HTa.

PE3yjlTATH HCnHTHBAIfcA

y paay 1 je aaT Hamm o6paae pe3yjuaTa HciiHTHBSi&a.

Pe3yjiTaTH HcnHTHBaiba cy npHKa33HH y TaSjiHirH I — III.

TABJIH1JA I TABLE

Pe3y.TraTH PSCA KHHeTHMKo-KaTajiHTjWKor oApetjHBana cinjece ofl ABa cyncrpaTa h KJ.

Results of PSCA kinetic-catalitic defcrmination of two substrates and KI mixture.

FIojeAHHaHHe

CyncrpaTH kohii. cyncrpaTa KJ kohii.

Substrates y cmjecu mmo/dm3 mmol/dm3 a, 6, r a„ b„ r

Na2S203 h KFC(II) 0-11,11 10,00 102:4 1120 0,998 0,101 1,114 0,998

„ 0-1,111 1,00 91.06 137,5 0,998 0,864 1,104 0,998

177
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Na2S203 nL( + )AK 0- 11,12 10,00 103,5 1138 0,998 0,110 1,218 0,998

0- 1,113 1,00 94,84 141,4 0,997 0,754 1,124 0,997

N,SiOaHL( + )CYS 0- 11,11 10,00 158,9 1357 0,998 0,145 1,241 0,998

0- 1,111 1,00 148,0 148,0 0,999 1,203 1,203 0,999

L( + )CYShL( + )AK0- 11,09 10,0 113,3 1394 0,997 0,096 1,186 0,997

0- 1,111 1,00 166,7 168,6 0,999 1,325 1,340 0,999

L(+)CYS h KFC(II) 0- 11,13 10,0 110,4 1356 0,998 0,094 1,148 0,998

0- 1,111 1,00 178,6 169,4 0,999 1,484 1,408 0,999

KFC(H)hL( + )AK 0- 11,11 10,00 56,01 1007 0,999 6,057 1<024 0,999

0- 1,111 1,00 51,54 168,3 0,998 0,419 1,368 0,998

TAEJIHUA II TABLE

Pe3yjiTaTH PSCA KHHerawKO-KaTajurnnKor o,npel)HBaiba CMjece on TpH cyncrpaTa h KI"I.

Results of PSCA kinetic-catalytic determination of three substrates and KI mixture.

riojeAHHa«me KJ

CyncrpaTH kohu. cyn- kohii.

Substrates CTpara y mmol/ ax £>, r aB b0 r

c.wjecn dm3

mmol /dm3

Na2S2Os, L(+) AK, KFC(II) 0-1,114

KFC(II), L( + ) AK, L(+ CYS 0-1,113

KFC(II),Na2S»OsL( + ) CYS 0-1,111

N2S203, L(+) AK,L( + ) CYS 0-1,111

1,00 118,1 118,1 0,999 1,167 1,160 0,999

1,00 118,7 187,8 0,999 1,585 1,348 0,999

1,00 201,1 105,9 0,999 2,048 1,076 0,999

1,00 200,9 98,52 0,999 2,043 1,001 0,999

TAEJIHUA III TABLE

Pe3yjrraTH PSCA KHHeTHWO-KaTajiiiTmiKor o^per)HBaH>a ciwjece ofl verapn cyncrpaTa h KJ

Results of PSCA kinetic-catalytic determination of four substrates and KI mixture.

IIojeflHHavHe KJ

CyncrpaTH kohu. cyn- kohu.

Subsrtates crpaTa y mmol/ at £>, r a„ b„ r

cm) ecu dm3

mmol/dm8

Na2S203, L( + ) AK

KFC(II), L( + )CYS 0-1,111 1,00 209,6 116,2 0,999 2,044 1,132 0,999

flHCKYCHJA PE3YJITATA

CwcreM flHdpepeHqiijajiHHx jeflHaiHHa Kojn onncyje npoqece 3a CMjecy ofl

ueropH cyncrpaTa npeiwa Rendles-y2, Sevcik-y3, Nicholson-y h Shain-ys,

—- = Do — K\Co — KzCo — K.%Co — K3C0

8c 8x*

—5 =Z)r^ + K^R+KzCn+KzCK+KiCix

8c 8x*

y KojeM cy ca^pwaHe jeflHafHHe 3a TpH h ^Ba cyncrpaTa y cmjcch, ejmMHHHcaH>cM

3aflH,Hx MJiaHOBa.
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BpajeaHOCTH KoedpHOHjeHaTa ai h a0 CMjeca cyncrpaTa iiph6jih«ho o^ro-

Bapajy 36Hpy noje,inoia*rHHx BpHjeflHOCTH a\ h a0.

y fl^cKycHjH (pafl 1) je HcraKHyro fla BpHjenHOCTH KoedpramjeHaTa a\ h

Oo pacry qhhocho ona^ajy ca pa36jia>KeH>eM cyncrpaTa. Oflcrynaiba BpHje^HOCTH

KoetpmjHjeHaTa a\ h a0 y CMjecaMa «OH<e ce TyiwamiTH rawe jep y CMjecajwa HMaMO

Behy 36HpHy KOHneHTpanHjy iijto y hckhm aryqajeBHMa noro^yje noBeha&y a

y ApyruiK arjroajeBHMa awaibyjy KHHeroHKO-KaTajiHTHMKe aKTHBHOcra. Mo>Ke ce

TaKO^e npeTnocraBHTH na je h HeflOBOJbHa KOHueHTpauHja jo^a y pacrBOpy.

Ilpn oflHocHMa KOHneHTpaipija cyncrpaTa 10 : 1 h 100 : 1 flocrajKe ce crpyja

3acHhes>a Koja He 3aBHCH or KOHneirrpanHje cyncrpaTa y HaBefleHHM once3HMa

KOHneHTpainija .

HajBehn KHHenHMKo-KaTajiHTHMKH eqbeKaT jaBJta ce Ka^a cy KOHueHTpairjije

cyncrpaTa ncror peaa BejHrame.

KpHBe crpyja-noTeHrrHja^ He3aBHCHO o« cuijeca cyncrpaTa ocrajy Here Kao

h Kafla ce caM cyncrpaT Hajia3H y HcnHTHBaHojvt pacrBopy.

noTeHUHjajm iwaKCHMyiwa CMjeca cyncTpaTa oaroBapajy noTeHnnjamiMa awk-

CHMyMa cyncrpaTa Kojn cy flam y pafly 1 h cacraB civijece cyncrpaTa He Mnjeaa hx.

SUMMARY

KINETIC-CATALYTIC DETERMINATION OF MIXTURES OF SUBSTRATES

REFIK M. ZEJNILOVIC, MIROSLAV N. TURClC* and NIKOLA J. MARJANOVlC*

Faculty of Metallurgy, University of Titograd, YU-81000 Titograd, and ^Faculty of Technology,

University of Novi Sad, YU-21000 Novi Sad, Yugoslavia

As a contunuation of a previous work1 on kinetic-catalytic determination of sodium thio-

sulphate, L(+)-cysteine, L(+)-ascorbic acid and potassium hexacyanoferrate(II) by potential

sweep chronoamperometry, it is shown that these substances can be reliably determined in solu

tions containing their binary, ternary and quaternary mixtures.

(Received 2 June 1982; revised 27 December 1982)
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1

HEMOLYSIS OF PIGEON ERYTHROCYTES BY DL-PROPRANOLOL

V. LESKOVAC, D. PERlClN and S. TRIVlC

Institute of Chemistry, Faculty of Science, University of Novi Sad, YU-2100 0 Kcvi Sod, Yugoslavia

(Received 15 October 1982)

Propranolol is an important pharmacological

substance, serving as a potent (3-edrenergic

blocker; in addition to this, propranolol has

a wide application in the field of receptor bio

chemistry. Therefore, our observation report

ed in this communication, that propranolol

induces hemolysis of pigeon red blood cells,

may be of a pharmacological importance.

Pigeon erythrocytes have been washed twice

in the medium (in mM : sodium 1 50, potassium

1, magnesium 1, chloride 160, phosphate 1,

Tris 10, glucose 10, pH 7.4) and then incubated

in the medium for 90 min at 40°C. Subse

quently, the rate of net K+-efflux from the

35% cells, in the presence of effectors, has

been measured continuously by the F2312K

potassium selectrode (Radiometer, Copenha

gen), as previously described1.

At the concentration of 1 mM, a-adrenergic

effectors phenylephrine and tolazoline, and

^-agonist isoproterenol have no influence on

the rate of net efflux of K+ from the cells.

At the concentrations below 0.5 mM, propra

nolol is also ineffective; above 0.5 mM, pro

pranolol rapidly increases the rate of net loss

of K+ and the loss of hemoglobin from the

cells (Fig. 1). Propranolol induced hemolysis

can not be prevented by isoproterenol, thus

implying that propranolol hemolysis does not

occur by its interaction with (3-receptors.This

is understandable, since propranolol hemolyses

red cells above 0.5 mM, and (3-receptors are

already saturated at much lower concentrations

of effectors2. Figure 2 shows that 2.8 mM

propranolol has no influence on the fast step

in the digitonine-induced loss of K+ from

the red cells, thus implying that propranolol

hemolysis does not take place by an interaction
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Fig' 1. Dose-response curve of pigeon erythrocyte

-hemolysis by dl-propranolol. Initial concentration

of medium K+ was 10—15 mM, temperature 40°C,
efflux time 20 min. Abscissa (left) denotes the rate

of the net change of K+- concentration in the medium,

(right) the concentration of hemoglobin lost by the

cells, estimated by an OD of cell-free hemoglobin

solutions at 575 nm.

with cholesterol molecules on the red cell mem

brane3; hemolysis of red cells by digitonine is

a very rapid process, compared to hemolysis by

propranolol1. Table I shows that ouabain has

no influence on the rate of propranolol-induced

hemolysis, thus implying that propranolol he

molysis does not take place at the digitalis

receptor of red cells.

The mechanism of propranolol hemolysis

is not yet clear. It is clear that propranolol

hemolysis does not take place solely by an

interaction of propranolol with (3-receptors. Nor

does propranolol hemolysis occur by its inter

action with cholesterol molecules or with digi

talis receptors of the red cell membrane. Since

a noticable hemolysis takes place at relatively

high, millimolar concentrations of propranolol,
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Fig. 2. Influence of dl-propranolol (2.8 mM) on digitonine (1.5 mM)-induced
hemolysis of pigeon erythrocytes. Concentration of cells I0uo, temperature I5°C.

After the addition of digitonine (zero time), K+-concentration was recorded

continuously by a K+-selective electrode, as described elsewhere1.
— . — . — denotes the presence and the absence of propranolol.

TABLE I. Influence of ouabain on the propranolol-

-induced hemolysis of pigeon erythrocytes

Concentration

of ouabain

The rate of the net change of K»-con

centration in the medium (uM/min)

Without With 2 mM Difference

propranolol propranolol

(mM)

None - 12.5

0.12 + 15.2 + 75.9 60.3

0.6 + 18.2 + 80.0 61.8

3.0 + 25.9 + 94.0 68.1

Initial concentration of medium K+ was 3.9—6.5 mM,

temperature 40°C.

it is likely that a hydrophobic naphthalene

moiety of its molecule is inserted into the

highly hydrophobic lipid phase of the memb

rane; insertion of a hydrophobic naphthalene

moiety into the membrane causes distortion or

disruption of the membrane and subsequently

a loss of K+ and hemoglobin from the cells.

The notion of a hydrophobic interaction of

propranolol with the membrane is strengthened

by • recent report of a highly specific insertion

of the naphthalene moiety of propranolol into

the hydrophobic pocket of the fi-receptor on

the red cell membrane of the frog4.

H3BOJ1

XEMOJ1H3A EPHTPOLWTA rOJIYBA DL-nPOIlAHOJIOJIOM

B. JIECKOBAU, JI. IlEPHMHH H C. TPHBHTi

Ilicrtiuny n u xeM'jjy, npApidm-MawcMamuHKu tbaxyimem, Hotu Cad

TTponaHonon H3a3HBa xeMojiH3y epiiTpo- MeM6paite, Hero BepoBarao s6or NiupcxbooHe

mrra rojty6a y KOHueirrpamijaMa rhuihm on, HHTepaKitHje HacbrajiHHCKor ^ejia H>eroBor

0. 5 mM. EtpeKaT nponatio.no.na hc Hacraje MOjieKyjia ca jiMnn^iiMa Me.\i6paHe.

a6or JberoBor BesHBa>f>a Ha (S-peuenTope, nn-

nrraJiHC peuerrrop hjih xojiecrepHH hejiHjcxe (flpHMJbeHo 15. oi<To6pa 1982)
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L Processes in hollow cathode sources

1. Cathodic sputter

2. Processes in the plasma

II. General considerations from the analytical aspect

III. Modified versions of the hollow cathode sources

1. Separation in time of atomization and excitation processes

2. Spatial separation of atomization and separation processes

3. Application of a magnetic field

4. Coupling of a microwave field to a hollow cathode source

5. Hollow cathode with a conical bottom

6. Water-cooled hollow cathode source of thermal atomization

INTRODUCTION

In the last decade or so the inductively coupled plasma, microwave plasma,

glow-discharge and hollow cathode sources have undergone a great development.

One of the special methods for gas discharges is the hollow cathode method

developed by Paschen in 19 161-. The hollow cathode source has two advantages.

One of them is the great current intensity at low voltage at optimal pressure and

the other one is the negative glow range practically in the whole of the hollow

providing favourable excitation parameters.

In contrast to the traditional arc and spark discharges, by using a hollow

cathode source the excitation parameters (current intensity, voltage) and the pressure

of the neutral gas can be effectively controlled.

The hollow cathode source is widely used in atomic absorption spectro

metry and in laser research3,4.

The problem is that the conditions for the application of hollow cathode

sources for analytical purposes have not been worked out. One major area of re

search is related to technical improvements for increasing the hollow cathode

emission intensity.

* Lecture given on the session of the Spectrochemical Section of the Serbian Chemical

Society in Belgrade on December 8, 1982.
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I. PROCESSES IN HOLLOW CATHODE SOURCES

Processes in hollow cathode discharge are generally classified into two main

categories: processes on the cathodic wall and processes in the plasma.

1. Cathodic sputter

The hollow cathode source is one of the main sputtering sources.

The cathodic sputter is the process leading to the transfer of the cathode

material (or sample on the surface of the cathode) into the plasma. This takes

place due to the effect of high energy ions and neutral atoms bombarding the

cathode. The rate of the cathodic sputter depends on the mass of the bombarding

particle5, its energy6 7, angle of incidence8, the smoothness as well as on the cov

erage of the surface by adsorbed gases9,10.

The rate of cathodic sputter is determined on the basis of the decrease of

the mass of the cathode1112 and the optical density of deposited sputtered ma

terial on a cooled surface near the cathode13, or by the intensity of excited atoms

of the sputtered material in the space in front of the cathode14.

In this connection two fundamental theories have been developed. According

to the evaporation theory the energy delivered in the point of attack of the ion

beam increases the temperature of the target. The local warming up depends

on the energy of ions, the flux of the ion beam as well as on the specific heat and

heat conductivity of the target material. If the delivered energy is greater than

the loss caused by the latter two processes and by the work of atoms at the transfer,

evaporation takes place. This theory is supported by experience according to

which the maximum of the energy distribution of the sputtered particles appears

at an energy of a few tenths of an electron volt15. However, the angular distri

bution of sputtered particles can not be explained on the basis of the energy dis

tribution of the bombarding ions.

According to Kaminsky's impulse theory the sputtering is the result of

the impulse between the bombarding particle and the target atom16.

In Henschke's double collision theory the bombarding particle clashes into

a deeper lying atom, becomes reflected and knocks out an atom from the surface17.

During the cathodic sputter micro and macro changes take place on the

cathode surface. A macro change is that the originally cylindrical hollow takes

up a barrel or pear shape18. This can be explained by the hollow cathode current

intensity distribution in depth19. A micro change is the formation of a cone (20—

30 am) wich can be observed after 10— 15 minutes of sputtering in case of an

easily sputtering metal. In gas discharges the ionization of sputtered atoms, their

acceleration as well as their redeposition on the cathode after recombination must

be taken into account.

The cathodic sputter Qi0 is given by the expression:

Q =- kLh/hfp

where k is a constant depending on the gas and cathodic material, L is the power

(W), / is the cathode upper rim surface area (cm2), h is the depth of the hole (cm),

t is the time (s), p is the pressure (mbar), Q is the amount of sputtered material (g).
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Boumans21 has established a function between the cathodic sputter Q and

the voltage U for Grimm discharge:

Q = k (U—Uo)

where U0 is the sputtering threshold voltage. According to experimental results

the Q — U function is linear at the hollow cathode discharge too, for which the

same formula can be applied. The values of Q and U depend on the cathodic ma

terial and the type of noble gas, but they do not depend neither on the current

intersity nor on the gas pressure. In the case of hollow cathode discharge the Q

values change according to a minimum curve with the increase of pressure.

2. Processes in the plasma

The processes in the plasma: the ionization, excitation, recombination and

charge transfer are insufficiently known. Torok and Zaray have measured the

electron and gas temperature radial distribution in a deep-cooled hollow cathode

source. The changes in the electron and gas temperatures are due to plasma proc

esses. On the basis of their investigations it may be assumed that the processes

at different excitation energies and ionization potentials are separated locally too.

It has been found that the electron temperature is independent of the radius in

the central zone, where its value is minimal (2—3 eV). The temperature sharply

increases near the cathodic wall. In consequence of all this the central part is ideal

for easily excitable elements. Less excitable elements can be more effectively

excited far away from the centre22-25.

II. GENERAL CONSIDERATIONS FROM THE ANALYTICAL ASPECT

Three types of hollow cathode sources are used: deep-cooled, water-cooled

and hot hollow cathodes. According to earlier experiments, in the liquid — air

cooled hollow cathode source the particles of the sample are introduced into the

hollow by the sputtering effect. Consequently the light emitted is weak, indicating

that the number of particles in the plasma is small. In the transitional source,

in addition to the sputtering effect, the thermal atomization has also a role. In

the hot hollow cathode source practically only thermal atomization takes place,

therefore this source is widely used for analytical purposes. In this case the pro

blem is that the evaporation and excitation processes can not be controlled simul

taneously. This disadvantage becomes very important when examining readily vol

atile elements, when the partial vapour pressure of the sample increases considerably

in the hollow and the typical hollow cathode discharge transforms into an arc

discharge, making the reproducibility of measurement and the analysis impossible.

On the basis of the experiments with hot hollow cathode sources it has been

established that the atomization and excitation processes must be separated, so

as to ensure the most advantageous conditions for both processes which are dif

ferent.

The hollow cathodes are, in general, weak light emitters, beacuse the rate

of atomization by cathodic sputter is low. Beside this, the sputtering rate in the

same carrier gas considerably differs for different elements. In addition, one part

of the positive ions does not reach the negative glow range, and due to the elec
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trostatical attraction they return to the cathode wall. Finally, the sputtered cathode

material step by step covers the surface of the sample during the excitation and,

in consequence, the ratio of atomization decreases further.

For the above mentioned reasons, the tendency is to produce the sample

vapour in a separated unit and to introduce it into the hollow by the streaming

carrier gas. Evaporation may occur e. g. in a graphite furnace heated electrically

or with the aid of spark and arc discharges. These methods have well known dis

advantages, too. For example, carbide-forming elements can not be analysed

in a graphite furnace. When using arc discharge for evaporation, fractionation

must be taken into account. Atomization by spark discharge seems to be most

suitable because of the absence of fractionation. Good results have been obtained

with the combination of a Grimm discharge for atomization and a hollow cathode

as excitation source26.

III. MODIFIED VERSIONS OF THE HOLLOW CATHODE SOURCES

I. Separation in time of atomization and excitation processes

In the early experiments d. c. supply units have been used. They have the

great advantage that, using the same current intensity at the mecsurement of the

voltage, conclusions could be drawn for both the rate of sample atomization and

the further change of the process in time. The voltage is high if the partial vapour

pressure of the sample in the plasma is great.

In the recent time researchers generally do not use constant current intensity.

Consequently, in their experiments a fractionated cathodic sputter sets in the

water- and deep-cooled hollow cathode sources. The same can be said for the

thermal atomization in the hot hollow cathode sources too. To prevent fraction

ation , the current intensity must be increased gradually from a certain minimum

value up to a controlled upper level.

The separation in time of the atomization and excitation processes can be

realized by an impulse-type operation27-29 (Fig. 1). The achieved signal to noise

ratio is approximately 50 times greater than that in operations under direct current

at the same gas temperature. The use of an impulse-type operation hollow cathode

gave a possibility to investigate the spectra of multiply ionized atoms. In this

case the applied impulse current was 1000—1500 mA30.

 

Fig. 1. Scheme of the impulse

type hollow cathode source accord

ing to Dobrosavljevic
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The impulse-type sources have two advantages. On the one hand, because

of the inserted cooling periods, the peakr of current intensity are very high (1—2

A). Under such circumstances the thermal atomization and the luminous intensity

of the source increase. On the other hand, it is possible to ensure the excitation

with a gradually increasing current intensity.

The intensity of the copper resonance line was greater in consequence of

the increase of Cu atoms in the plasma when the source operated under impulse

conditions, probably because of a more favourable regime of temperature and

reduction of self-absorption31. Injecting an RF signal into the lamp after the current

impulse caused a better line intensity accompanied by optimal stability32,

Fe and Cu were determined under pulsed and steady-state conditions33.

2. Spatial separation of atomization and excitation processes

The separation of atomization and excitation processes in space significantly

decreases the detection limit. Two hot hollow cathode sources are mounted per

pendicularly to each other and are operated by two independent power sources

of direct current. One of them serves for evaporation of atoms and the other for

their excitation. The reduction ofthe detection limit is five times greater at this ar

rangement as compared with that when using traditional hot hollow cathode

sources34.

The application of a hot hollow cathode for the sample atomization and

a water-cooled hollow cathode for the excitation have made it possible to decrease

the detection limit for approximately one order of magnitude as compared to

that achieved with a traditional water-cooled hollow cathode source35. There

have been attempts to apply an impulse operation for increasing the excitation

of atom vapours. This method resulted in a significant increase of the intensity

of the ion lines36.

Sources have been designed in which direct current37,38 or a high fre

quency secondary discharge enhanced the better excitation of atom vapours orig

inated by a hollow cathode discharge of direct current. In these cases the light

intensity is increased for about one order of magnitude.

The task of a secondary discharge is to increase the excitation of sputtered

sample atoms originated by negative glow discharge. The advantage of this con

struction is that the emission intensity of sputtered atoms increases and their

spectra are simplified in consequence of smaller energy excitation conditions.

It is well known that the excitation in a hollow cathode source is brought

about by high energy electron collisions and that in the preserving of the discharge

the atoms of metastable states of noble gases play an important role. Atoms of a

metastable state arise from first-order collisions. Their role is significant because

of the high energy which they can trcnsfer during the second-order collisions.

Their effect is enhanced by the fact that the duration of life in metastable states

is several orders longer than that in normal excited states. In consequence of this,

the probability of collisions is great, and higher energy levels are excited which

is favourable for the analysis of nonmetallic elements.

The secondary discharge results in a greater electron density, so it becomes

possible to regulate the excitation process39. Szilvassyn6 and Buzasi40 have de
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veloped a modified tube with secondary discharge (Fig. 2). The secondary' dis

charge takes place perpendicularly to the axis of the water-cooled hollow cathode,

and behaves as a hot hollow cathode. The secondary electron source was originally

a cold tungsten plate (the cathode surface is larger in this case) but recently an

incandescent thoriumized tungsten fibre has been used (the thermal electron

0 ringcolhod.V

gas
ssssr. V*®*

 cathode block

anode

anode block

quart;

gas

Fig. 2. Hollow cathode lamp with

a secondary discharge according to

Szilvassyne

emission increases). In both cases the current density is increased, therefore the

number of fast electrons is smaller in consequence of the decrease of the free paths

of the electrons. The decreased electron energy causes the increasing of the prob

ability of smaller excitation energy transitions and more favourable conditions

can be obtained for excitation of metals. In this way the contents of readily vol

atile elements of natural waters (As, Ga, Sn, Pb) have been determined.

3. Application of a magnetic field

The detection limit can also be lowered by the application of a magnetic

field on the hollow cathode discharge, causing the decrease of the cathode drop,

in consequence of which the electron temperature decreases. The latter phenom

enon results in an increase of the intensity of atom lines and in the decrease

of that of ion lines. At the application of an optimal magnetic field strength the

detection limit decreases in He by about one order and in Ar by approximately

two or three orders of magnitude as compared with results obtained without the

the magnetic field41"44.

The effect of the application of the magnetic field can be explained as follows :

on the one hand, in the magnetic field the fast electrons form a narrow bundle

which causes a large electron density in the carrier gas, and this promotes the

cathode sputtering. On the other hand, the electrons in the magnetic field move

on a spiral orbit and in consequence of this, the frequency of collisions between

sputtered atoms and electrons resulting in excitation significantly increases.

Rudnevskii45 reported on the behaviour of the emission from a copper hollow

cathode as a function of the applied magnetic field. Under these conditions an

enhancement of spectral emission for He, Ar, C, Fe, Cu, Mo, and Zn was ob

served46 (Fig. 3). Further studies on the superposition of a magnetic field to a

graphite hollow cathode containing Li, Na or K showed an increase in emission

of one order of magnitude47,48.
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The intensity distribution of the lines (e. g. Na 330.2 I) along the diameter

of the hollow cathode has been investigated at different magnetic field strengths.

It has been found that the intensity of these lines is maximal in the centre of the

plasma and decreases on passing to the crater walls.

Fig. 3. Schematic representation of

the magnetic field-coupled hollow

cathode lamp according to Rud-

nevskii

 

coil
iron core

4. Coupling a microwave field to a hollow cathode source

Caroli et al. have developed a hollow cathode source coupled with a micro

wave of 2450 MHz49 (Fig. 4). The source was basically of a Grimm glow discharge

type modified for use as a hollow cathode source. The microwave radiation was

transferred to the hollow cathode lamp by an antenna with a metallic reflector

for concentrating and directing the microwave beam. The position of the antenna

was perpendicular to the plasma axis placed approximately at the centre of the

j j - | Fig. 4. Schematic diagram of the microwave-coupled

j—I hollow cathode lamp according to Caroli

~|_ I jj j 1. Pressure gauge 5. HCD lamp

'. . 1—I—1 2. Current stabilized 6. Tuned antenna

. , I—I—I electric source 7. Argon supply

l 3 I H 9 I 3. MW generator 8. Spectrograph

4. Voltmeter 9. Vacuum pumps

hollow cathode tube. This position was the most suitable for an effective transfer

of microwave radiation to the hollow cathode lamp, and it provided the greatest

efficiency when using a resonant cavity. The authors investigated the effect of

microwave radiation for a copper hollow cathode, because this metal has a rather

high sputtering ability.

On the basis of high-frequency (electrodeless) discharge features it was

thought that the superposition of a microwave field on a hollow cathode discharge

would lead to a significant increase in spectral line intensity. The investigations

supported this assumption, showing that the material sputtered from the cathode

is effectively excited by the energy supplied by the microwave radiation. On the

basis of experiments it can be concluded that the increased emission from the

cathodic material is independent of its physical state and the carrier gas (Ar) spec

trum is less intense and, in consequence, less interfering. Presumably an increased

population of Ar metastable atoms is responsible for this effect. In the improving

of the detection limit, this phenomenon is the main factor.

It has been established that the differences in the copper spectral lines with

and without the application of a microwave radiation increase with the increasing
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pressure of the carrier gas and with the decreasing of the current. The suitability

of this method for improving the detection limit has been verified by investiga

tions with aqueous solutions of gold and silver ions.

5. Hollow cathode with a conical bottom

The development of hollow cathodes applied for emission spectral analysis

was accelerated by its application for atomic absorption spectrometry. Dyulgerova

and Zechev have developed a conical bottom of the hollow cathode50 51 (Fig. 5).

It became evident that the material of the cone plays an important role in vola

tilization and excitation, i. e. in the high intensity. At this construction a notice

able increase in emission was obtained and the emission from the inert gas re

mained unaltered. This can be explained partly by a larger surface being available

for sputtering, partly as a consequence of better excitation as well as by the atoms

entering the plasma more efficiently.

Papp and Racz52 have investigated the line intensity at different heights

of copper cones inserted into an aluminium hollow. If the height is sufficient,

the copper line intensity reaches the same value as if the cathode material were

copper. It means that in this case practically only the cone material takes part

in originating the emission. It has been established that the cone material suffered

from an intensive sputtering. The peak of the cone is the place of the maximum

current intensity. The upper part of the cone glows at a given current intensity

brought about by the intensive Ar+ ion bombardment because of the great electron

density. If the cone material was aluminium in a copper cylinder, copper con

tamination could be observed especially on the lower and colder part of the cone.

It means that the cathode material takes also part in the evaporation. These in

vestigations suggest that the peak of the cone is the best place for the sample to

be examined. If proved, this may open a new perspective for analytical application

of hollow cathode sources.

6. Water-cooled hollow cathode source of thermal atomization

In order to preserve the advantages of the hot hollow cathode with keeping

at the same time the thermal atomization under control, Torok and Andrasi53

have developed a new type of water-cooled hollow cathode source. In this source

the traditional anode is replaced by an electrically heated tungsten spiral, the

construction of which can be seen in Fig. 6.

 

Fig. 5. Hollow cathode of a conical

bottom according to Dyulgerova
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They have investigated the effect of different material rod anodes inserted

into the hole. From the current intensity — voltage characteristic curves it could

be concluded that the hollow cathode effect itself remains undisturbed if the rod-

-anode is pushed into the geometrical axis of the cathode. The voltage values

are not influenced by the material of the anode at the same pressure and the same

current intensity. The pushing of the anode into the hole of the cathode results

in the increase of emitted light intensity.

~0-«V O-VA ~°

Fig. 6. Water-cooled hollow ca-

thodeofthermalatomization accord

ing to T6r6k

 

Later the rod-anode was replaced by an electrically heated tungsten spiral.

The charactristic curves showed that no important changes took place as com

pared with the curves of the tungsten rod-anode. The tungsten spiral was heated

electrically till a maximum current of 1.5 A.

In the conventional hollow cathode excitation the sample is put to the bottom

of the hollow. This method has a disadvantage, because the cathodic sputter starts

at the mouth of the hollow and the sputtered cathodic material covers the sample,

the bottom being colder than the mouth. In our source this problem is eliminated.

The water solution of the substances to be examined is transferred by a micro-

pipette to the spiral and then it is dried. A great advantage of this method is that

the substance is introduced directly into the negative glow, and so the analytical

sensitivity may be expected to increase. On the basis of preliminary studies it

can be assumed that the heat developing on the anode will suffice for the thermal

atomization of the sample. The heat developing on the anode is only about one

tenth of the whole heat developing on the cathode, nevertheless, the thermal atom

ization on the anode will introduce a greater amount of the substance into the

plasma for excitation than the cathodic sputter.

SUMMARY

The main features of hollow cathode sources are the stability of discharge, the repro

ducibility of intensity measurements, the sharp profile of emitted spectral lines, reduced self-

absorption, negligible background and low matrix effects. However, the intensity of spectra

emitted by cathodic sputter is generally lower than that obtainable with conventional excitation

sources. In consequence of this, the applicability of hollow cathode discharge for the determi

nation of trace elements is not completely satisfactory. Various modifications of this source have

been proposed in order to increase the emission intensity. The author has briefly summarized

the main criteria of the cathodic sputter as well as the generally used modifications of this sput

tering source which are very promising for analytical purposes. 53 references.
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H3BOI

MOflHcUHKOBAHE BEP3HJE UiynJBE KATOJtE

EPyKEEET AHflPAIHH

HHCuiuwytu 3a ueoptaHcxy u ana.tutuuuKy xeuujy yHutepmiueuia ... lopaud Emeeui", Eyduuuewiua,

Mahapcxa

r.iaBHe occ6enocTii cneKTpajiHHX H3Bopa aaciioBamtx Ha uiyniboj kstoah cy crauHjiHOCT

npa>KH>eH>a, penpo;ryKTHBHOCT Mepeita HHTeH3HTera, onrrap npocpHji eMHTOBamix cneKTpajiHHx

.iHHiija. cMaiMHa caMoancopniutja, aaHe/wap.-bUBa iioaaaiwa n hhckh MaTpHMHH ecpeicm. Hh-

TCH3HTCT cMHTOBaHHx cneKTapa je Hiian, y onurre.vi cjiyiajy, msh>h ho uito ce to ;joGnBa o6hm-

hhm cneKTpajiHHM H3Bopii.ua no6ybnBan»a. Kao nocneflKua oBora, npHMCHjBHBOCT uiyiube KaTO,ne

3a o,npet)HBaH>e e.ieuenaTa y TparoBHMa Hiije cacBHM 3aaoBOJbaBajyfta. I Ipe;iJK»KeHe cy pa3He

MomupHKaiutje OBOr H3Bopa pa/ui nonehaH>a HHTeH3HTeTa eiwHcuje. Ayrop je yKparao aao nperjie/t

rJiaBHHx KpHTepHjyMa KaTO^Hor pacnpmeH>a Kao h npiiweitiiBanHX MO/rHdniKamija oBor H3Bopa

Koje HMajy .uiaTHe nepcneKTHBe 3a aHajiiiTiiMKy npHMCHy.

(TlpHMACMO 14. .icucMopa 1982)
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1 . Увод

2. Хомогена нуклеащца

3. Кинетика хомогене нуклеащце

4. Константа кондензащце

5. Равнотежна концентраци)а гроздова

6. Алтернативни изрази за брзину нуклеащце

7. Завршни коментар

1. УВОД

Прелазак гаса у течно или чврсто статье, кондензаци)а, представл>а

свакодневну и на први поглед веома }асну по]аву. Зна се, на притер, да вода

под притиском од )едне атмосфере шьуча на 100°. Ме^утим, експериментално

>е на!)ено да потпуно чиста вода, изолована од утица|а површина, шьуча

на 279, 5"1. Далье, применено )е да течност може веома дуго посто)ати у пре-

гре)аном или прехла^еном сташу, односно на темиератури нешто вишо) од

Нэене тачке шьучанъа или нешто нижо) од ньене тачке мржн>ен>а. Исто тако

када притисак посматраног гаса на константно) температури постане веки

од напона паре засиКене течности, кондензат се не мора по)авити. Илустра-

ци)е ради узмимо чисту воду на 0° на притиску два пута веКем од одгова-

ра)уЬег напона паре засиЬене течности. МогуЬе )е показати да би у том слу-

ча)у требало чекати око Ю^з до по)'аве прве капи течности. Ово време )е

око 10м пута веЬе од старости Земгье, те се мирно може реЬи да )е конден-

заци^а под тим условима невероватна2. Ме^утим, када )е посматрани однос

притисака 4:1, време чекааа се своди на око 0,2 з. Очигледно да процес

кондензащф не може бити об)'аш№ен преко искл,учиво равнотежних термо-

динамичких параметара полазне фазе, гаса и кра)н>е фазе, кондензата. Посто)и

природно ,,кочен>е" процеса као последица по)аве познате под називом

нуклеаци]а, чи)у Ьемо суштину анализирати у овом чланку, при преласку

гаса у течно стаае.
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2. ХОМОГЕНА НУКЛЕАШИА

Подияан>ем притиска гаса на константно) температури он нрелази у

кондензат пролазеКи претходно кроя парно ста!ье у коме норед мономолекула

(мономера) садржи и скупине од више молекула (полимере). Последнем се

обично назива)у гроядовима*. У систему под утица)ем спол^ашших пара-

метара нотребним за кондензаци)у, поменути по.гимери, односно гроздови,

показу)у различите особине у завнсности од н>ихове величине. Тако )е веро-

ватни)е да се, спонтано, они млн. и распада)у до .мономолекула, а веЬи дал>е

увеЬава)у прелазеКи у кондензат. Об)аипьен,е лежи у чшьеници да групнсани

молекули чине неку врсту течне кани одрег)ених днмензи)а**. Про.мена

енерпце система ко)а прати наста)ан>е ове капи — грозда, садржи у себи

два члана супротних янакова. Први, негативног янака, одговоран )е яа ства-

ран>е течне масе грояда, а други, пояитивног, яа истовремено оформл>аван>е

н>егове површине. Мале капи иоседу)у релативно велику површину по .)е-

диници яанремине, те им )е пояитивнн енергетски члан веЬи од негативног

чиме се и об)ашн>ава н>ихова нестабилност. Са норастом капи однос се мен>а

у корист яапремине, укупна промена енерпцс носта)е негативна, а стабилност

грояда све веЬа са шеговим дальим увеЬан>ем. Зависност енерги)е формиран>а

грояда од бро)а молекула у н>ему схематски )е представ.ъена на слици 1 .

Максимум ове криве одговара критичном грозду, односно оном грояду

чи)е дал>е увеЬанэе представлю спонтан процес. Очигледно )е у посматрано.м

систему доволен и )едан )едини критичан грояд да би яаиочео спонтани процес.

Зато се он )ош назива и нуклеус, а теори)а формираша критичних гроздова,

нуклеацща. Другим речима, теорща нуклеаци)е опису)е процес у систему

до почетна сионтане кондензаци)е.

У следеКем поглавл>у Кемо анализирати ова) процес у с.туча)у када

на н>ега не делу)у зидови суда, механичке нечнстоЬе или друге присуще

супстанци)е, односно посматраЬемо кинетику хомойне нуклеаци)е.

Како )е нуклеаци)а процес ко)и иретходп кондензации, онда )е вели

чина од нримарног интереса уираво брзина нук./еашуе, односно бро) критич

них гроздова ко)и наста)у у (единици времена и (единици яапремине посма-

траног система. Она одрег)у1е основне параметре конденяаци)е као што су

нпр. н>ена брзина, време чекакьа до ио]аве конденяата или натпритисак кога

треба довести да би бряина конденяаци)е била у жел>еним оквирима.

* Реч грозд )е потекла од енглеске речи с1илег (грозд). Код нас 1'е одомаЬен израз

^кластер" [ко)и би требало избегавати (йри.ч. ред.)]

** Гроздови се не могу идентифнковати са течннм калима, поготово ако садрже

свега неколико молекула. Детал>ни)'е о овоме се може наЬк у литератури (нпр. у моногра

фией под редакциям А. С. 2еп1тоуег-а3).

 

Сл. 1. Схематски приказ енерпче формиран>а грозда у

завнсности од бро]а молекула у дему.

3. КИНЕТИКА ХОМОГЕНЕ НУКЛЕАЩЦЕ
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У систему под утица)ем спол>ашн>их параметара потребним за конден-

заци)у, наста)ан>е и нестэ)ан>е гроздова се опису)е скупом ланчаних реак-

ци^а типа:

А1 + А1 ^± А2

А2 + А15±Аз (1)^

А<_1 + А1 <± А(

где )е са А< означен грозд од г молекула. Очигледно су дозвол>ене само би-

молекулске реакци)е у ко)има се по )едан молекул кондензу]е на грозд или

испарава са н>ега. Реакци)е измену два грозда се не узима)у у обзир због ньи-

хове мале вероватноЬе4,5. Чишеница )е да )е сума концентраци)а гроздова

свих величина у почетку кондензащф (у току нуклеационог процеса) далеко

.чаша од концентращф мономера6. Зато се ова друга узима константном

и )еднаком полазно) равнотежно) концентрации мономо;1екула, Я15-7. То

У)едно представлю први гранични услов при траженьу конкретне вредности

за брзину нуклеаци)е. Ако са /1 обележимо концентраци)"у мономолекула

у времену г, може се формално написати

/1 = п\ = сопзг. (2)

У посматраном случа)у зависност концентраци)е гроздова од времена

се опису)е следеКим системой диференци^алних )едначина:

о!/(/ск = С1-ф-1—Е^{—Сф+Ем/м, за свако />2 (3)

у коме су са С( и Е\ означене одговара)уКе константе кондензаци]е и испа-

раван>а, редом. Концентраци)а мономолекула )е уюьучена у константу кон-

дензаци)е. Тако се, захвал>у)'уЬи првом граничном услову []ед. (2)], ланац

бимолекулских реакци)а (1) опису)е системой диференффлних )едначина

йрвог реда.

Бро) ових )едначина може бити, у принципу, онолики колики )'е по-

лазни бро) мономолекула у систему. На среЬу, гюсто)анье веома великих

гроздова )е мало вероватно, )ер гроздови веЬи од критичног показуху спон-

тану тенденци)у дал>ег увеЬаньа и прелажеша у тсчиу фазу. Зато се узима

да )е концентращца гроздова ко)и садрже више од С молекула ]еднака нули,

где )е С>1*. (О величини бро]а О Ье бити речи касни]е). Тиме )е уведен

други гранични услов8.

Сада бро) диференци)алних (едначина поста)е далеко маши, али, пошто

критични грозд на)чешЬе садржи око 100 молекула, )ош увек превелик

за вьихово аналитичко решаваше6. С друге стране, експериментална мерен>а,

теори^ска као и нумеричка рачунан>а на рачунарима, указу)у да се брзина

формираша критичних гроздова у систему прво повеЬава да би веЬ после

неколико микросекунди досегла константну вредност 8,9 16 . За исто време

константну вредност поприме и концентраци)е гроздова свих величина.

Систем )е тада у усшаленом сшан>у ($1еас1у 51а1е), стан>у ко|е се не мен>а са

временем. Како се оно може достиЬи исюьучиво у отвореним системима16-19,

ми морамо ланац реакщф (1) формално допунити уводеЬи два „резервоара"
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чи)а )е улога да обезбеде константно утицан>е мономолекула из гасне фазе

и константно истицатье гроздова од О молекула у течну фазу8. Обележивши

ове рсзервоаре са А'" и А(Г ланац рсакци)а (1) можемо написати у потпу-

ни )с ч облику:

АГ -> А,

А1 + А1 *± Аг

(4)

Ас_1 + А1 г* Ас

Ас -*■ Аох

Очигледно, константна бранна нстицаша гроздова од О молекула из

горн>ег ланца реакци)а захтева константну вредност н>ихове концентраци)е, т) .

/с = СОП81. (5)

Затим се види да константа истицан>а гроздова од С молекула, Ас, и /с могу

имати различите вредности ко)е зависе од тога у коме се од могуЬих уста-

.ъених стаььа систем налази. Другим речима, ове величине одре!)у)у удал.еност

посматраног устал>еног стан>а од равнотежног. С друге стране равнотежно

стан>е може бити остварено само у затвореним системима и тада к с мора имати

вредност нула.

Брзина нуклеаци)е се обично изводи на начин кога )е дао МсОопаЫ2

елегантно средпвши веЬ посто|еЬа рачунан>а. УводеЬи величину /< ко)а

опису)е разлику брзине ковдензацн)е и брзине испараван>а одговара;уЬе

карике ланца (4):

/« = С(/<— Е{+1/{+1, (6)

могуЬе )е написати зависност концентраци)е гроздова од I молекула са вре

менем у облику

^ =/,->-/, (7)

У устал»еном станьу, када су концентраци)е гроздова свих величина

константне, а н>ихове промене у времену )еднаке нули, сви 1% мора)у бити

(еднаки и независни од времена, еквивалентни општо] брзини процеса ну-

клеаци^е /, т).

л = /2 = ... = и = ... = /. (8)

За сваку карику ланца (4) може се написати по )едан израз (6) и тако

добити следеЬи систем ^едначина:

I = СгН-ЕгН (9)

I = Сс-1/с-1—Ес/с-
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КористеКи чшьеницу да ]е у равнотежном стан>у /<=0 за свако I, кон

станта испарававьа се може дефинисати преко константе кондензаци)е и вред

ности равнотежних концентращф гроздова7

Ъ= С(-1?ц-11т, (10)

означава)уЬи при томе /{ равнотежно са щ.

Замешу^уЬи ове вредности за константе испаравааа у систем )едначина

(9) и делеЬи сваку од н»их одговара|уКим Сцц доби;амо да )е

/ _/1 /•

(П)

С\П1 щ пг

С% П2 Я2 13

I _ /о-1 /а

Св~1 Пс-1 Па-1 Пс

Сумиран>ем овог система )едначина при чему се са десне стране крате

сви чланови осим првог и последн>ег, а први сабирак )е )еднак уединили

на основу услова дефинисаног изразом (2), лако се може извести израз за

брзину нуклеаци)е у облику

До израза за брзину нуклеаци^е можемо доКи и на други начин20. Ана-

лизира)уЬи систем диференци)алних )едначина за описиван>е ланца реакци^а (4) :

6/{1й1 = С(-ф-1-Еф-Сф + Ем/М = и-1-и, за 2</<С-1,

4/с/си = Со-^а-х-Есйа-Ые = 1а-1-кв/а, (13)

уз веК уведену претпоставку да се систем налази у устал>еном стан>у те да

}е /о=сопзг. а /<=/ за свако г, одмах видимо на основу последнее релаци^е

да )е

/ = кс/с (14)

Изведени изрази за брзину нуклеаци)е (12) и (14), иако формално раз-

личити, ме^усобно су еквивалентни. То се директно види при паралелном

рачунаау концентраци^е гроздова различитих величина.

У првом случа^у2,7 концентраци)у гроздова добщамо парщфлним су-

миран>ем система )едначина (11) из чега директно следи да )е



200 Л>. КО.'1АР-ЛНИ"Б

Л_А+ /02'-!-. (15)

щ па С/тц

У другом случа)у20 Ьсмо поново посматрати систем диференцирал

(едначина (13). У устальном стан>у шихове леве стране су )еднаке нули. Тада

на основу израза (6) и (14) свака од )едначина може бити написана у облику

С«/,-Я<+1/<+1 = ко/в. (16)

КоришЬе1ьем израза за брзину испараван>а (10), налазимо да )е

Ж ТЦ+1 С« Ж

Пошто )е /<+1/и<+1 аналога функщф од /<+г/я<+2 и тако редом, онда сукце-

сивним замен»иван>ем ових израза у (едначини (17) доби^амо да )е

А=^ + кв/о°^ _±_. (18)

Щ па /-{ С} щ

У овом случа^у смо имали да )е к(;/с управо )еднако брзини нуклеаци)е

/ [)едн.(14)], те се последил )едначина своди на ону веК израчунату МсОс-

паИ-овом процедурой (15). Еквивалентност управо изведених израза за

концентраций гроздова од I молекула захтева и еквивалентност одговара-

)уКих брзина нуклеаци)е те )е

'-^(•-Ш^Г- (,9)

Очигледно, када )е систем затворен, т;. када )е брзина истицан>а гроздова

од С молекула из ланца реакщф (4), кс, )еднака нули и брзина нуклеаци)е

)е )еднака нули, а концентращф гроздова од С молекула досеже сво|у рав-

нотежну вредност.

Када )е систем отворен, кс )е различите од нуле и /е<ис, а брзина

нуклеаци)е / има вредност карактеристичну за дато устал>ено станъе. Раз-

личита устал>ена стан>а система Ье бити дефинисана одговара)уЬим скупом

параметара /, к с и /с.

Овде би требало подвуЬи да )е израз за брзину нуклеаци)е (19) мате-

матички доследан за свако О. Ме1)утим, физички гледано, свако /с>/<*

директно зависи од /< , )ер )е у питан>у систем сукцесивних реакци)а код

ко)их на)сгюри)и ступай», односно она) са на)веЬом енергетском бартером,

одре1)у)е брзину целог процеса2122. И у овом случа)у то мора бити тако. Ре-

акци)а са на)вишом енергетском бартером одговара формиран>у критичног

грозда што смо показали на слици 1.

Брзина нуклеаци)е се експериментално одре^У)е, али на^чешЬе инди

ректно, мереньем натпритиска кога би систем требало да има при форми

ран^ ^едног критичног грозда у ^единици времена и ^единици запремине0-41.

Затим се за жел>ени натпритисак врши рачунан»е брзине нуклеаци^е по )ед-

начини (19).
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Осш1 овога могу се израчунати концентрацн^е гроздова у функцией

од шихових величина при различитим брзинама нуклеаци)е /. У том цшьу

нреуредчЬемо израз ( ! 5) додава)уЬи му и одузилш)уЬи од шега члан

1-1

/^Г \1С}1ц. Има)уЬи у виду )едчачину (12) можемо натшсати да )е

Последней израз не зависи од С. На основу н>ега израчунате вредности за

концентраци)у гроздова у устал>еном стан>у при разним брзинама нуклеаци)е

/ су дате на слици 2. Крива без минимума одговара на)веКо) брзини нуклеа-

ци)е, односно оно) када /с/ис->-0.

 

Сл. 2. Концентрацииа гроздова у различитим усталеннм

стан,има у зависности од бро;а молекула у гроздовима,

рачуната по )едначини (20) за воду при Т = 263,2 К и

5 = 4,91.

4. КОНСТАНТА КОНДЕНЗАЦЩЕ

У досадашн>им рачунаныша како брзине нуклеащф тако и концен

траций гроздова у устал>еном станьу, користили смо константу кондензаци)е

као познату величину. Ме^утим, нисмо )е дали у експлицитном облику, на

Немо то учинити у овом одслжу.

У прво) апроксимаци)и се узима да )'е грозд од г молекула сфера полу-

пречника 1С На основу кинетичке теори)е гасова, бро) удара мономолекула

о шегову површину )е )еднак щ/д^Л, где )е дх средн>а брзина мономолекула
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атасе пц ддта општим изразом42,43: т>1=(8А777Ш1)1/2. Ако са ас< обележимо

вероватноЬу да молекул ко)и удари о грозд буде и апсорбован, онда )е кон

станта кондензаци)е С< )еднака:

С, = а, тс г?т(8*Г/тс«1)1'«=«< 4тс/г?Р(тгт1*Г)-1/*. (21)

Овде Р означава притисак гаса ко)и )е, због претпоставке да су мономолекули

у великом вишку, приближно (еднак шиховом парци)алном притисну, т).

Р*Л= гцкТ. (22)

Овако поставлена константа кондензаци)е носи у себи низ проблема.

Први )е свакако везан за вредност коефициента ефикасности судара а< за

кога се сматра да )е приближно )еднак )единици. Ако )е нпр. н>егова вред

ност 0,01, константа кондензаци)е )е 100 пута мака, а исто толико и брзина

нуклеаци)е / [)едн. (12)]3,в.

Други озбшьан проблем лежи у облику грозда, ко)и никако ни)е сфера.

Поготово када су у питан>у веома мали гроздови3, е-7.44.

Ме^утим, разлике у резултатима за брзину нуклеаци)е и концентраци^е

гроздова у устал>еном стан>у, настале услед ових апроксимащца, нису ни

приближно онолике колике су оне настале као последица различила прилаза

у дефинисаау равнотежне концентраци)е гроздова.

5. РАВНОТЕЖНА КОНЦЕНТРАЦИИ ГРОЗДОВА

Осим константе кондензаци)е у изведеним изразима за рачунан>е ос-

новних величина процеса нуклеаци)е фигурише (директно или индиректно)

)ОШ и равношежна концентрацииа гроздова. Н>ена дефиници)а представлю

на)Осетл>иви)у тачку теори^е хомогене нуклеаци)е. Ми овде не можемо уКи

у све детали овог проблема, али га можемо у основи сагледати.

Први израз за равнотежну концентраци)у гроздова потиче из радова

об;авл>ених почетном овог века4,45-48. Сматрало седане концентраци]'а гроз

дова величине « пропорционална вероватноКи шихових по)авл>ива1ьа помно

жено) концентрациям присутних мономолекула:

щ = щехр [-АОС0/ЛГ]. (23)

Овде ДО(») представл>а промену ОлЬЪ$-ове слободне енерги)е при форми-

ран>у грозда од » молекула у односу на чисто гасно стан>е када се систем

налази на константно) температури и константном притисну. Н>ена вредност

)е дата изразом:

ДО(0 = -ИгТ 1п* 5 + аА(г)} (24)

где )'е —&7*1п5 опадаае слободне енерги)е услед кондензовааа г молекула

из презасиЬене паре, а аА(г) слободна енерпца површине настале при фор-

миран>у овог грозда (ст представл>а (единични површински напон, а А{г)

површину грозда од « молекула). Мера презасиКености паре )е дата односом

реалног притиска Р и напона паре засиНене течности на исто) температури

Ро. т).:

Р/Ро = 5. (25)
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Са разведем статистичко-термодинамичког прилаза теорией вуклеацв)С

уочени су недостачи горн>ег израза за равнотежну концентраци)у гроздова4,>

Тако \с применено да у н>ему не фигуришу енергетски чланови одговорни

за транслаци)у и ротаци)у уоченог грозда. Затим )е рачунски показано да

)е у изразу (23) концентращф гроздова од I молекула пропорционална са

л\ што ни)е у складу са законом детства маса ко)И захтева да щ буде про

порционално са щ. Уведен )е нови израз за промену слободне енсрги)е при

формиранъу грозда из гасне фазе у облику:

АО(0ког= -гкТ 1п З+оАф-кТ 1п 2тпа.-кТ 1п 2„ц.+кТ 1п щ. (26)

Прва два члана )едначине су иста као и у класично) теорией. ТреЬн

члан представлю слободну енерги)у транслаци)е. У н>ему фигуриш одго-

вара)уЬа статистичка сума дата изразом5®:

гхПп..=(2птцкТ1к*)*'*, (27)

где )е Ш1 маса грозда од г молекула, а к Р1апск-ова константа.

Свободна енерги)а ротаци)е )е обухваЬена четвртим чланом. Доби)а се

преко ротационе статистичке суме сферног полимолекула80:

г10%= -тс1'2 (втгУДТ/й2)3/2 (28)

у ко]о\ т) представлю бро) симетри)е, а ] момент инерци^е дат релащфм

У^ушлг?. (29)

Пети члан )е само формално уведен са цил»ем да исправи грешку у

изразу (23) те поништи концентраци)у мономолекула испред експоненци)алног

члана.

У изразу за промену слободне енерги)е при формиран>у гроздова )ав-

лл)у се и неки додатни чланови ко)и би требало да воде рачуна о корекци)И

бро)а степени слободе при преласку I гасних молекула у одговара)уЬи грозд.

Они се разлику)у од аутора до аутора и ми их зато неЬемо наводити. Детал>-

ни)е информаци)е читалац може наЬи у посто)еЬим радовима3,51-54.

У општем случа)у, равнотежна концентраци)а гроздова израчуната

преко израза за слободну енерги)у (26) )е око 1017 пута вейа од оне израчуиате

класичном теори]ом! Исто толико се разлику)у и одговара^уЬе брзиие ну-

клсаци)е. Експериментална мереша се у неким случа^евима приближава)у

резултатима класичне теори^е, а у неким резултатима ове друге (Ьо1пе-Роип<1

-ове) теори^е. Овде морамона поменути да су експеримента;ша мерепл брзине

хомогене нуклеаци)е тако^е апроксимативне природе, те )е тешко нзврл.ити

тачно поревев*.

С друге стране, теори)ски доследно статистични термодинамикчо ра-

чу!Ю1ье концентраци)е гроздова ни)е могуЬе ;ер )Ош увек нису познати тачни

аналитични изрази за осцилаторне статистичке суме честица насталих спа»

)шем веКег бро)а молекула.



-— гроздова у
 

эеоча с*лкен про-

И.» »—1 у ее трсГя*.:»: 5с:*а> . ■ «г ж_-р*з за 5с.гну н> :-с>гацн;е среЬе

у .^гтатуря ■ У дг.-ткч г* п =и ~=л эге тед наглела ;у потпуно

-■г.. -И--1/ГТ! л *э:с? лгт?с *;.гз*^гэ: * "л Т*>:аз с с"г. "л- н са нзразом :

у , л '-д; у^--л клу^я.чл.-ш-\ бр^шх вуклеалэ! « рач>т**то- по кдначннн (12)

:ги /о --0. Лкрутим. &7~ "жа ул-ь--»-д"и у нс«се б*гги посжатрана сио у гра-

у.уг-.и - и С-Г.--и -у кала -О ,1гр. кала «е/;=0. кз эоследтье од система ди-

Т»гргнди,а-:иих >едначика !3 следи да »е и /\,-_;=0. п;<сгт:> »е Сс-1 константно.

'.'у*мгл:ж /<•„_;= О у претпоследн>0! кдначики. добиамо да к /с-* = 0 и тако

р*д\ ч. Услов /г, = 0 захтева да контунтрапик; свих гроздова. па чак и моно-

ко.лгхула, л? кднаке нули! Изглаз X) кхык посте-и у литсратурн изведен

?Л'Л>;<ыи^ якч постутткоч при чему сг ова| проб к-ч тешко примеЬу^е*"7-

Заткм, последил израз за брзнну н\ к_кацик директно завися од бро>а

О. -.1 се и дискуси |а везана за н>ега нетто разликук од оне дате у ово* чланку.

Т/ргжн* нуклеаци'е се такоЬе среЬе у обшку

/*С,- яг (31)

к^>и ;;редлавл»а грубу апроксимашпу |едначкнс \,30,~. Односно, пошто су

'/к иг:ш'т»е ко|е фигуришу у ню), С, н я« функций од бро»а мо.текула у

I у, -.л. с тим што сс ова друга далеко брже мен»а од прве, због свог експо-

ш;и;&)**;нл облика, онда се види да )е найвеЬн сабирак у изразу 1.30) она)

с* иа;каи»/я раыютежноя концентратором гроздова. Та концентрашпа од-

\чь*'/* чиклу чнул к сюбодиа енерги1а формира&а на|веКа (слика I). Зато

к: **,г/Ул у и ;разу '30, задржати само сабирак у коже фигуришу параметр!»

*ул;г,ч\чп |ро;да.

У ли»сратури се често )ав.ъа )ош |едан израз за брзнну нуклеацн^е,

Нш.ш, уж> резу.пат н'.-што бол>е апроксимаци|е од претходне при чему \е

1ч\чш сума гамоьсиа интегралом. На кра)у овог приблнжног рачунатьа се

тг#п шм*;*,н да у*'4

и ч

I

* 2^ С(. я,. . (32)

' ' '<;»«кци'.:(-- познат иод називом Зе.ъдовичев фактор, износи око

'» '— К;

, пжледнэИ изрази за брзнну нуклеаци|е нредставл>а|у

-блике онога датог )едначино.м (19).



О ПРОЦЕСУ НУКЛЕАЦЩЕ 205

7. ЗАВРШНИ КОМЕНТАР

На кра)у морамо реки да природном процесу кондензаци)е претходи

хешерогена нуклеащф, односно она ко)а се одви)а уз помоК других материна

као што су то увек присутне нечистоКе, молекули или агрегати молекула

других супстанци)а, површине зидова суда, итд. У сваком случа)у поменута

„страна тела" утичу каталитички на сам процес сман>у)уНи н>егову енерги)у

активаци]е. Основне законитости каталитичких процеса могу се наКи у хе-

ми)ским кинетикама21'22. Као резултат овог ефекта вода ипак юьуча на око

100°, а киша пада на притиску од око 1 агт или чак нешто ман>ем.

Мег)утим, релативни односи параметара хомогене нуклеаци)е важе и

под тим условима. Зато се данас интензивно ради на н>иховом дефинисаау

као и експерименталном одрег)иван>у.

ИЗВОД

У раду )е описана хомогека куклеащца као почетни процес кондензащце гаса. При

томе )'е дат кен реакциони механизам и изведена основна кинетичка величина, брзина

нуклеаци)с. Дискутовани су и други параметри потребни за квантитативно описиванье

овог процеса као што су то нпр. концентраци^е гроздова и константа кондензацще. Ди-

рехтно су подвучени на)важни)'и проблеми везани за теори)у нуклеаци)е.

5ЦММАКУ

СЖ ТНЕ РКОСЕ83 ОР ЫиСЬЕАТКЖ

ЦЩАЫА КОЬАК-АМ1С

1ппйии о/ РЪупсаА СЬатИгу, Раси11у о/ Заепсе, Цтцегшу о/ Ве1ргаЛе, Р.О. Вох 550, УЦГ-1 1001

ТЬе Ьотортпеош пис1еа(юп аз а рге(гагш(юп зОДе о{ (Ье сопЛепзаиоп ргосезз 18 рге-

$еп(ео". Рог (Ье аззитей кшеис зсЬете (Не гаге о{ пис1саиоп 1$ с1еуе1оред. А1зо, (Не сопсеп-

ггапопз о? (Не с1из(егз аге са1си1а(сс1. ТЬе то»( ипрогсат ргоЫетз ш (Ье (Ьеогу оГ пис!еа(юп

аге етрпаздос!. 54 геСегепсез

(Кесе1Уеа 3 ЫоуетЬег 1982)
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The extrapolation ofthe annellation series of polycyclic aromatic hydrocarbons

leads to reasonable values for the UV spectra of the aliphatic ,,double" bond.

Already in 1936 it was found1 that symmetric annellation of benzo rings

to an aromatic hydrocarbon sh s the wavelengths of the a-bands (X,,) in the UV

spectra to higher values, the shifts being constant in \/\*. An example is pro

vided by the annellation series benzene, phenanthrene, pentaphene and hepta-

phene (Fig. 1); here the square root of the shift is roughly constant at 6.75 \/A.

This appears amazing since wavelength is not an energy scale but rather an inverse

energy scale.

 

o i 1—i 1 1 ■ ■-

6 7 7J 8J 9J 10J 11 J

Order Number K

Figure 1. Square root of the wavelengths of the a-bands, VXa, vs.

order numbers K for ethane, ethylene, benzene, phenanthrene,

pentaphene and heptaphene. For numerical values of X« see refs.

1 and 2.

* Private address: Punta Chullera, Km. 144, Prov. Malaga, Espana.
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Extrapolation of the above series to lower values gives the first band of ethylene

and then the first band of ethane or other aliphatics. However, it must be con

sidered that this comparison is not quite correct. Ethylene has two more hydrogen

atoms and ethane four more hydrogen atoms attached to each carbon atom. How

ever, this does not undermine the principle which is quite remarkable. An order

number K can be given to the a-bands of each hydrocarbon: benzene 7y, phe-

nanthrene 8\, pentaphene 9~, heptaphene 10y, nonaphene 1 1 y, the difference

in v'^a always being approximately 6.75 v A. Ethylene can be replaced by cyclo-

hexene, and ethane by any other paraffin. Admittedly, this comparison has little

value because the determination of the a-bands is difficult if not impossible due

to the diffuseness of the UV spectra.

In going from ethane to ethylene, two a-electrons must be transformed

into ^-electrons. Based on the a-band energies, this amounts to 11200 cm-1, a

value which compares well with the estimate derived from conventional C-H,

OC and C=C bond energies (10040 cm-1). Whether the order number 6 has

anything to do with the nuclear charge of the carbon atom will be considered

below.

There are more indications that there is only one double bond formed from

the 6 ^-electrons in a benzene ring. The benzylic coupling constant between

the methyl group and the adjacent hydrogen atom in 9-methylphenanthrene (I)

is 1 Hz.

CH3 CH3 CH,

^ Br

i I ■

The coupling between the methyl protons and the aromatic protons in 1-methyl-

naphthalene (II) is rather complex and becomes simple in l-methyl-4-bromo-

naphthalene (III)3.

There are numerous examples of this type. On the other hand, there is no

single reaction known in which the 9, 10 double bond in naphthalene enters an

addition reaction. This is only the case in tetrabenzonaphthalene (IV) where the

four external rings desactivate the inner formal double bond:

TO®

IV b

 

As a consequence, addition products are obtained with Li*, OsC>4 and phenan-

threne quinone/hv.4 (IVa), (IVb).

Summarizing only these few results must produce the impression that

Hiickel's (4«+2) rule is explained by 4 ^-electrons localized in each linear hy-
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drocarbon, and the other 2 produce a sextet as in an otherwise empty ring, viz.

phenanthrene:

 

Figure 2 presents the results for the p-bands of the acene series. Each ad

ditional ring with 2 migrating ^-electrons shifts the p-band further to the red,

Th > ft amounts here to approximately 7.5\/A which isV 1-2 times the shift

for the a-bands in the phene series. It is obvious that some a-electrons must be

excited in order to form p-bonds in the p-state. . > - .

0 00 000 coco ooccooo

 

20 •

0 I 1 1 1 1 1 r-<

6 7 a 9 10 11 12

Order Number D

Figure 2. Square root of the wavelengths of the p-bands, ap vs.

order numbers D for the acene scries. Numerical values of for

benzene through pentacene from ref. 4, for hexacene from ref. 5.

In the above series the first member cannot be ethylene or ethane but must

be benzene, and the absorption must be related to a p-7t-bond. This explains

the difference between the shifts, namely 6.75 vs. 7.5 y/k.

The above relations can be tentatively written as hx. = K-120 R for the

a-bands of the phenes, and as ^p = D*j 16 R for the p-bands of the acenes, where

R is the Rydbcrg constant. The order number K starts with 6 for ethane in the

at-scries, whereas D starts with 6 for benzene in the p-series. A connection with

the nuclear charge of the carbon atom can possibly be obtained by the equation:
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Tablt I T«W» B

Order Compound ,^-band in [/T ait Ordtf Compound p - bind VT Olff.

6 1/2 JC -«C^ O.N teal)

7./ J Q SOU 5 7 00 »"»

•.75 »*

" ri°n • 0000

7S*

• I,

7.SS
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»*oxa »» .... "Cocco "»

V) "OOOCO "»

•v OOOOt^- „ ooccco ^

H 3 B O 3,

KOPEJIAUHJE H3ME-BY AJ1H4>ATMHHHX „£BOryEIIX" BE3A II HOKPETHMX

APOMATHWHHX .HBOrYEHX BE3A

E. KJ1AP

XeMujcKU odctx, ynu*ep3uiueui y rAanoty, Taoko* W2, UlKoiiicxa

EKcrpano.namtja aHCJiamioHor miaa nojmuuKJiHMHHX apoManiMHHx yrjbOBOflomtKa aaje-

npHxBarjbHBe BpeflHocm 3a yjrrpan»y6iMacTe cneKTpe ajiiuhaTHMKe ,„rrBory6e" Be3e.

(rTpiLM.n>CHO 18. c|)e6pyapa 1983)
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Dimethyl acetals of 2,5-anhydro-D-xylose and 2,5-anhydro-D-ribose (4—9)
■were prepared as key-intermediates in a planned synthesis of d-oxybiotin. Acid

catalysed methanolysis of />-toluenesulphonic or methanesulphonic esters of 1,2-

O-cyclohexylidene-a-D-xylofuranose {2 and 3) has afforded the corresponding

dimethyl acetals of 2,5-anhydro-3-0-/>-toluenesulphonyl-D-xylose (4) and 2,5-an-

hydro-3-O-methanesulphonyl-D-xylose (5) in good yields. Analogously, by acid

catalysed alcoholysis of 2 and 3 in ethylene glycol the corresponding dioxolane

acetals 6 and 7 were prepared. Sulphonyloxy groups at C-3 in the synthesized

acetals have shown a considerable chemical reactivity in respect to their treatment

with strong, or even weak bases (NaOMe, t-BuOK, and NaHC03) whereby the

corresponding epoxide derivatives (8 and 9) were formed. A kinetic study of the

mentioned epoxide formation* has shown that p-toluenesulphonic esters 4 and 6

react 2.5 to 3 times faster than their methanesulphonyl analogues 5 and 7, most

probably due to a greater steric hindrance in the ground states of the compounds

4 and 6 which accelerates the formation of the corresponding oxirane rings.

The formation of 2,5-anhydro-sugars was observed, for the first time, in

reactions of some amino-sugars with nitrous acid1. At that time, this reaction

was mainly used for structure correlations and determinations of the starting

amino-sugars. However, since recently, certain 2,5-anhydro-sugars have been

used a- starting compounds for various syntheses of some important chiral, bio

logically active, molecules2-5. In the chemical literature, the alcoholysis of 5-

-O-p-toluenesulphonic esters of 1,2-O-isopropylidene-derivatives of aldoses has

been recommended as the method of choice for the preparation of 2,5-anhydro-

-sugars6-9.

The main goal of our investigations was to find a suitable method of prep

aration of acetal derivatives of 2,5-anhydro-D-xylose (4—7), starting from the

corresponding l,2-0-cyclohexylidene-3,5-di-0-tosyl (or mesyl)-a-D-xylofuranoses

{2 and 3), in order to prepare the key intermediate? for the synthesis of d-oxy

biotin. In addition, we planned to study the reactivity of the leaving groups from

C-3 under the influence of the neighbouring acetal functions from C-l.

By using rather standard methods (/>-toluenesulphonyl chloride10, or meth

anesulphonyl chloride in absolute pyridine), 1,2-O-cyclohexylidene-a-D-xylofuranose

(/) was converted to the corresponding 3,5-di-O-sulphonate esters 2 and 3 in

high yields.

211
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Further, by methanolysis of the compounds 2 and 3, in the presence of

catalytic amounts of />-toluenesulphonic acid, the corresponding 3-O-sulphonate

esters of dimethylacetals of 2,5-anhydro-D-xylose (4 and 5) were obtained in

good yields. In an analogous way, disulphonatec 2 and 3 in ethylene glycol afforded

the corresponding dioxolane derivatives 6 and 7, as the only reaction products.

The compounds 4 and 5 were converted to dimethylacetal of 2,5:3,4-di-

anhydro-D-ribose (8) by treatment with potassium rert-butoxide in anh. dioxane,

in order to prove the frara-configuration of the substituents at C-3 and C-4. It

is interesting to mention that the compound 8, for preparative purposes, can be

obtained directly from the compound 2, without isolating the intermediate 4.

In this case the epoxide formation is induced by treatment with aqueous meth-

anolic NaHCOa. In analogous way, compounds 6 and 7 afforded the corresponding

ethylene acetal of 2,5:3,4-dianhydro-D-ribose (9). All described chemical trans

formations are presented in Figure 1.

The smooth conversion of compounds 4—7 to the corresponding epoxides

8 and 9 can be explained as follows : in addition to the necessary trans-arrangement

of the reacting groups from C-3 and C-4 in the compounds 4—7, the formation

of the epoxides 8 and 9 is particularly favoured by repulsive steric interactions

between bulky acetal groups from C-l and sulphonyloxy groups from C-3.

Namely, by studying molecular models, one can see that these interactions con

siderably hinder free rotation of the acetal function around the Ci—C2 bond. This

assumption is supported by NMR spectra of compounds 4 and 5, where two sing

lets are observed, each corresponding to 3H, from the acetal methyl groups.

We suppose that larger difference in chemical shift of the mentioned methyl groups

in compound 4(16 Hz), in respect to compound 5 (4 Hz), besides an anisotropic

effect of the C-3 tosyloxy group, is due to a greater steric strain existing in the

ground state of compound 4.

In order to support experimentally this assumption, we have studied the

kinetics of the epoxide formation from the corresponding 2,5-anhydrides {4—7)

induced by an action of sodium methoxide in anh. dioxane at -j- 1 0°. The course

of the reaction was followed by determination of the concentration of unreacted
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sodium methoxide by retitration of the excess of hydrochloric acid previously

added to stop further reaction. The results of these investigations are summa

rized in Diagrams I and 2.

It is obvious from diagrams that the nature of the acetal function at C-l

does not essentially influence the course of the reaction. Namely, 2,5-anhydrides

4 and 6, as well as 5 and 7, react by comparable rates under the mentioned reaction

conditions.

However, from Diagrams 1 and 2 one can see that the rate of the epoxide

formation depends to a greatest extent upon the nature of the leaving group from

C-3.

Taking into account that the reaction of the epoxide formation follows the

second order kinetics (in our case the reactant concentrations are approximately

the same), the equation for the rate of the examined reactions has the following

form:

 

where k is the rate constant, t the reaction time in seconds, St the substrate

concentration at time t, and S0 the starting substrate concentration.

Equation (1) can be expressed in another form:

(2>



214 MILJKOVlC, POPSAV1N «nd HRANISAVLJEVlC

Equation (2) represents a linear relationship with k corresponding to the

slope, so that k can be simply and graphically determined (Diagrams 3 and 4).
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DIAGRAM 3: Graphical determination of the rate constants for

the epoxide formation reaction from compounds 4 and 5

 

DIAGRAM 4: Graphical determination of the rate constants for

the epoxide formation reaction from compounds 6 and 7
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From Diagrams 3 and 4 the following values for the rate constants (dm3

mol-1s_1) of epoxide formations from compounds 4—7 were obtained : k (4) =

= 4.8 X 10-2, k(5) = 1.7 X 10-2, k(6) = 5.6 X 10~2 and k (7) = 2.2 x 10~2.

From the obtained rate constants it can be seen that p-toluenesulphonic ester

4 reacts 2.8 times faster than its methanesulphonate analogue J, whereas in the

dioxolane series, tosylate 6 reacts circa 2.5 times faster than its corresponding

mesylate 7.

Differences in reactivity of 2,5-anhydrides 4—7 are in accordance with

an existence of repulsive nonbonding interactions in their ground states, arising

from steric proximity of bulky C-3 sulphonyloxy groups and acetal functions

at C-l.

In transition states leading to the epoxide formation, starting molecules

release a part of their steric strain, thus the activation energy is decreased and

the process of the oxirane formation is favoured. Therefore, the compounds 4

and 6 react faster due to a greater steric strain in their ground states induced by

bulkier tosyloxy groups.

EXPERIMENTAL

IR spectra were recorded with a Perkin-Elmer 457 spectrophotometer and band posi

tions (vmiz) are given in cm"3. NMR spectra were recorded with a Varian 60A instrument using

tetramethylsilane as the internal standard. Chemical shifts (b) are given in ppm values, while

symbols s, d, t, q and m denote singlet, doublet, triplet, quartet and multiplet, respectively. Mass

spectra were taken with a Varian CH-5 spectrometer (first number denotes the m[e value, while

ion abundances are given in parentheses). Melting points were determined with a Biichi SMP-20

apparatus and are not corrected.

l,2-0-Cyclohexylidene-3,5-di-0-/>-toluenesulphony!-a-D-xylofuranose (2)10

1,2-O-Cyclohexylidene-a-D-xylofuranose (7)10'11 (7.70 g, 33.5 mmol) and p-toluenesulphc*

nylchloride (22.0 g, 11 5.5 mmol) were dissolved in dry pyridine (180 cm3) and the resulting so

lution was left at room temperature for 48 h. The reaction mixture was then poured into cold

diluted HC1 (1 :1, 600 cms), and the resulting suspension was extracted with CHCb. Combined

extracts were washed with water (pH 6—7) and dried over anh. NagSO*. After removal of CHQa

in vacuum, the oily residue was crystallized from MeOH affording the pure compound 2 (14,41

g, 80%), m.p. 134° (lit.10 m.p. 134°). IR spectrum (KBr): 3000—2860, 1600, 1370, 1190—1180,

1020—960, 775. NMR spectrum (CDOs): 1.30—1.53 (broad signal, 10H), 2.38 (s, 6H), 3.85—

4.10 (several signals, 2H), 4.12-^1.45 (m, 1H), 4.56 (d, 7=3.5 Hz, 1H), 4,72 (d, 7=2.5 Hz, 1H),

5.75 (d, 7=3.5 Hz; 1H), 7.16—7.82 (several signals; 8H). Mass spectrum: 538(34; M+), 509(4),

495(25), 155(34), 757(100), 139(8), 99(7), 98(11), 97(30), 91(93). Anal. Found: C, 56,07; H, 5.76;

S, 12.00. Calc. for CgsHacC^S,: C, 55.76; H, 5.58; S, 11.90.

1 ,2-0-Cyclohexylidene-3,5-di-0-methanesulphonil-a-D-xylofuranose (3)

A solution of the compound 7 (17.84 g, 77.56 mmol) and methanesulphonylchloride (14.5

cm*; 186.2 mmol) in dry pyridine (70 cm3) was left at room temp, for 24 h. The reaction mixture

was then poured into diluted HC1 (1:1; 120 cm3) and ice (100 g). The resulting suspension was

extracted with CHCls and the combined extract was washed with water (pH 6—7) and dried

over anh. NasCOs. After removal ofj CHCls in vacuum a yellowish oil remained. Upon double

recrystallization from methanol colourless crystals of the pure compound 3 were obtained (27.34

g; 91%), m.p. 135°. IR spectrum (KBr): 3060—2840, 1360—1340, 1175, 1100—1050. NMR

spectrum (CDCU), 1.30—1.80 (broad signal, 10H), 3.08 (s, 3H), 4.33—4.66 (several signals'

3H), 4.82 (d, 7=3.5 Hz, 1H), 5.12 (d, 7=2.5 Hz, 1H), 6.02 (d, 7=3.5 Hz). Mass spectrum:

386(18; M+), 357(14), 343(11), 75/(100), 139(11), 99(29), 98(21), 97(50). Anal. Found: C, 40.64;

H, 5.72; S, 16.50. Calc. for Ct3HM0,S,; C, 40.41; H, 5.69; S, 16.57.
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2,5-Anhydro-3-0-p-toluenesulphonyl-D-xylose dimethylacetal (4)

A solution of the compound 2 (8.00 g, 14.9 mmol) and p-toluenesulphonic acid (mono-

hydrate; 0.80g, 4.2 mmol) in dry methanol (100 cm3) was refluxed with stirring for 18 h. The

react on mixture was then poured into aq. NaHCOs (1 %, I SO cm3) and the obtained solution

was saturated with NaCl. The resulting suspension was extracted with CHCla and the combined

extract was dried over anh. NaiSOs. After removal of drying agent (by filtration) and CHCls

(in vacuum) the crude product 4 was obtained as a yellow oil. Upon'double recrystallization from

benzene-hexane the pure compound 4 was obtained (3.06 g, 62%), m.p. 85—88' (lit.* m.p. 79°).

IR spectrum (KBr): 3480,3010—3000, 3000—2840, 1600, 1370—1350, 1 190— 1 170, 1 100—106O.

NMR spectrum (CDC13): 2.45 (s, 3H), 2.80—3.00 (m, 1H), 3.12 (s, 3H), 3.35 (s, 3H). 3.80—

—4.50 (5H), 4.85 (q, 1H), 7.30—7.90 (several signals, 4H). Mass spectrum: 301(5), 155(30),

129(63), 91(64), 75(100). Anal. Found: C, 50.58; H, 5.91 ; S, 9.55. Calc. for CuHjoOjS: C, 50.60;

H, 6.02; S, 9.63.

2,5-Anhydro-3-0-methanesulphonyl-D-xylose dimethylacetal (5)

A solution of the compound 3 (3.93 g, 15.35 mmol) tnd p-toluenesulphonic acid (mon-

onydrate; 0.02 g, 0.12 mmol) in dry methanol (30 cm3) was refluxed with stirring for 17 h. The

reaction mixture was then poured into aq. NaHCOs (1%, 100 cm3) and the obtained solution

was saturated with NaCl. The resulting suspension was extracted with CHC13 and the combined

extract was dried over anh. NazSO^ After removal of solvent (in vacuum) the crude residue was

chromatographed on a column of silica gel (50 g; benzene-acetone 4:1). Upon recrystallization
from benzene, the pure compound 5 was obtained (1.91 g; 73%), m.p. 100—102c. IR spectrum

(KBr): 3390, 3040—2840, 1370—1350, 1200—1180, 1100—1065. NMR spectrum (CDCla) :

3.12 (s, 3H); 3.43 (s, 3H); 3.47 (s, 3H), 3.60—4.70 (several signals, 6H), 4.48 (q, 1H). Mass spec

trum: 225 (6), 129(47), 87(12), 79(10); 75(100). Anal. Found: C, 37.73; H, 6.23; S, 12.27. Calc.

for CsHwCbS: C, 37.50; H, 6.29; S, 12.50.

2,5-Anhydro-3-0-p-toluenesulphonyI-D-xyIose ethylenacetal (6)

The compound 2 (2.00 g, 3.72 mmol), p-toluenesulphonic acid (monohydrate ; 0.05 g,

t0.26 mmol) and ethylene glycol (10 cm3) were heated with stirring at 100° for 5 h. The reaction

mixture was then poured into aq. NaHC03(l%, 50cm3). The crude product was filtered, washed

thoroughly with water and dried in air for 24 h. The yield of the crude product 6 was 0.80 g.

After double recrystallization from EtOH colourless crystals of the pure compound 6 were ob

tained, m.p. 150—151" (0.69g, 60%). IR spectrum (KBr): 3445; 3100—3000, 3000—2820,

1600, 1365, 1190—1160, 1100—1000. NMR spectrum (acetone-de) : 2.45 (s, 3H), 3.55—3.81

(several signals, 6H), 4.02—4.30 (q, 1H), 4.38-^*.43 (m, 1H), 4.73—4.80 (several signals, 2H),

7.42—7.87 (several signals, 4H). Mass spectrum: 330 (1; M+), 172(10, 155(9:, 91(17), 85(7),

7J(100). Anal. Found: C, 51.12; H, 5.30; S, 9.75. Calc. for CmHisOtS: C, 50.91; H, 5.45; S,

9.70.

2,5-Anhydro-3-0-methanesulphonyl-D-xylose ethylenacetal (7)

'The compound 3 (2.00 g, 5.18 mmol), p-toluenesulphonic acid (monohydrate, 0.05g,

0.26 mmol) and ethylene glycol (17 cm3) were heated with stirring at 100' for 2 h. The reaction

mixture was then poured into aq. NaHCOs (0.5%, 100cm3) and the resulting solution was ex

tracted with AcOEt. After drying the extract over anh. NazSO^ and removal of solvent in vacuum,

the crude product 7 was recrystallized from AcOEt-hexane, affording the pure compound 7,

m.p. 158—159° (0.77 g, 59%). IR spectrum (KBr): 3405, 3040—2900, 1360—1340, 1170, 1100—

—925. NMR spectrum (acetone-de): 3.15 (s, 3H), 3.67—3.78 (q, 1H); 3.85—4.02 (several sig

nals, 5H), 4.06—4.43 (q; 1H), 4.44-^1.48 (m, 1H), 4.86—4.90 (q, 1H). Mass spectrum: 254(2,

M+), 181(2), 86(31), 85(62), 79(45), 7J(100). Anal. Found: C, 37.74; H, 5.70; S, 12.68. Calc.

for CsHmOtS: C, 37.79; H, 5.51; S, 12.60.

2,5:3,4-Dianhydro-D-ribose dimethylacetal (8)

Procedure A. The compound 4 (1.44 g, 4.34 mmol) was dissolved in dry dioxane (30 cm3)

and to thus obtained solution was added K-fcrr-butoxide in ;m-butanol (0.64M, 8.5cm3). The

resulting suspension was stirred in an atmosphere of nitrogen at room temperature for 1 h. The

reaction mixture was then poured into water and to the obtained solution several drops of HC1

(1:1) were added to neutralize an excess of base. Finally, the reaction product was extracted with

ether. After drying the extract over anh. Na2SC>4, and removal of ether in vacuum, the crude

product 8 was obtained in a form of yellow oil. Distillation of the crude product in vacuum (b.pv

50—54°/800—933 Pa), afforded the pure compound 8 as a colourless liquid (0.54 g, 78%).

Procedure B. From the compound 8 (0.37 g, 1.45 mmol), under analogous experimental

conditions as described in the procedure A, the compound 5 (b. p. 50-—56' ,'800—933 Pa) was,

■pared (0.12 g, 52%).
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Procedure C. A solution of the compound 2 (12.00 g, 22.30 mmol) and />-tolucnesulphonic

acid (monohydrate ; 1.00 g, 5.26 mmol) in dry methanol (200 cm3) was refluxed with stirring

for 1 8 h. To the reaction mixture a saturated aq. NaHCOs (200 cm3) was then added and the

resulting suspension was heated with stirring at 80° for 1.5 h. Finally, methanol was removed

in vacuum and the remaining aq. solution was extracted with CHCls. After drying the extract

over anh. NajSC^ and removal of solvent (in vacuum), the crude product * was obtained. Di

stillation of the crude product in vacuum (b. p. 50—547800—933 Pa), afforded the pure com

pound 8 (2.60 g, 73 °0, based on 2). IR spectrum (film): 3040, 3000—2830, 1200—1190. 1130—

—1065, 855. NMR spectrum (CDCI3): 3.42 (s, 6H), 3.60—3.86 (several signals, 4H), 4.10 (A—B

quartet, 2H), Mass spectrum: 129(15), 85(5), 75(100). Anal. Found: C, 52.68; H, 7.74. Calc.

for C7H12O4: C, 52.50; H, 7.50.

2,5 :3,4-Dianhydro-D-ribose ethylenacetal (9)

Procedure A. The compound 6 (0.525 g, 1.59 mmol) was dissolved in dry dioxane (20

cm3) and to the obtained solution was added K-rerr-butoxide in rm-butanol (1M, 3.2 cm3). The

resulting suspension was stirred in an atmosphere of nitrogen at room temperature for 1 h. The

reaction mixture was then poured into water (20 cm3) and to the obtained solution several drops

of HC1 (1:1) were added to neutralize an excess of base. Finally, the reaction product was ex

tracted with ether. After drying the extract over anh. NaaSO-i and removal of ether in vacuum,

the crude compound 9 was obtained as a yellow oil. Distillation of the crude product in vacuum

(b. p. 78—817800—933 Pa) afforded the pure compound 9 as a colourless oil (0.1065 g, 43%).

Procedure B. From the compound 7 (0.3253 g, 1.28 mmol), under analogous experimental

conditions as described in the procedure A, the compound 9 (b. p. 76—80°/800-—933 Pa) was

obtained (0.0726 g, 36%). IR spectrum (film): 3040, 3000—2880, 1205, 1080—1030, 855. NMR

spectrum (CDCb): 3.25-^1.00 (several signals, 7H), 4.05 (d, 1H), 4.10—4.40 (m, 1H), 4.85 (d,

1H). Anal. Found: C, 53.13; H, 6.76. Calc. for C7H10O4: C, 53.16; H, 6.33.

Kinetic study of the formation of epoxides 8 and 9 from 2,5-anhydridcs 4—7

a) Preparation of the examined solutions

The following starling solutions of 2,5-anhydrides 4-—7 in anh. dioxane have been pre

pared :

Weight of the sample Concentration

(mol/dm3)Compound (g/50 cm3)

4 1.6640 0.1002

5 1.2813 0.1001

f> 1.6491 0.0999

7 1.2695 0.0999

Remark: the compounds 6 and 7 are dissolved slowly in dioxane at room temperature;

therefore, dissolving has been carried out at somewhat higher temperature (40-—45°), whereupon

the given amounts of these substances are dissolved in 10—15 min, but upon cooling the solu

tions romain clear.

b) Preparation and standardization of the sodium methoxide in methanol solution

In a volumetric flask (250 cm3) metallic sodium (0.6263 g; 28.08 mmol) is dissolved in

anh. methanol (100 cm3), and then the flask is filled up with rest of anh. methanol (150 cm3).

The exact concentration of the prepared solution (cniokc = 0.1 120 mol/dm3) has been deter

mined as follows: an aliquot part of the sodium methoxide in methanol solution (1 cm3) is diluted

with water (10 cm3) and then titrated with a standard HC1 solution (from burette of 25 cm3;

chci — 0.0106 mol/dm3), against methyl orange as an indicator.

c) Procedure for following the epoxide formation kinetics

The solutions of the compounds 4—7, kept in a cooling bath at 4 10c, is added the sodium

methoxide solution (cxmOMo= 0.1 120 mol/dm3; 10cm3), also precooled at -1 10°. Reaction mix

tures (three parallel experiments with each mentioned compound) are stirred at 4 10', and ali-

quots (1 cm3) are taken for analysis each five minutes. These aliquots are immediately diluted

with HC1 (10 cm3; cHci= 0.0106 mol/dm3). The excess of HC1 is then titrated with the standard

sodium hydroxide solution (burette of 10 cm3; cn.oh = 0.0143 mol/dm3), against methyl red
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as an indicator. ParaUelly, under the same conditions, the blank sample, containing HQ (10 cm3;

chci -- 0.0106 mol/dm3), the solution of the corresponding compound in dioxane (0.5 an') and

anh. methanol (0.5 cm') is titrated with standard NaOH. The concentration of the unreacted

substrate (S,) is calculated according to the following formula:

5, = 0.5 C, + AKC.N.OH—0.5 Cn.om*

where the used symbols denote: 5, the concentration of the unreacted substrate at time t, C,

the starting substrate concentration, AV = Vbj—V, the mean value of the difference of the

titration agent consumption for blank sample and real sample (!*'.), Cn.oh the concen

tration of the titrating agent, and CvmOMe the starting concentration of the sodium methoxide

solution.

The authors are grateful to the Regional Scientific Found of SAP Vojvodina for support

ing this work.

H3BOJ

CHHTE3E H OCOBHHE HEKHX 2,5-AHXH^PO-D-AJIJ[OnEHT03A. I.

flymAH A. MHJBKOBHTi, BEJIHMHP J. nonCABHH H JOBAH T. XPAHHCABJbEBHTi

Ihtciuuuiy'M 3a xeMujy, IIpupodiw-MaiueMaiuuuKU tfiaxyAuieui , Re.bxa B.iaxotuha 2, 21000 Horn Cad

y obom paay pa3paheHH cy npenapaTiiBmi nocrynuji 3a ao6njaifce AHMeTHjiaueTajiHHx

^epiiBaTa 2,5-aHXHflpo-D-KCHJio3e h 2,5-aHXH,npo-D-pH6o3e 4—9, KJbyroHX Hirrep.MeAHjepa

y njiamipaHoj ciurre3H d-0Kcn6H0THHa. KHcen.o-KaTaJiH30BaHOM MeTaH0JiH3OM p-TOjryojicyji<po-

HaTHHx, oaHOCHO MexaHcyjKpoHaTHHX ecrapa l,2-0-m««ioxeKainHfleH-a-D-KCHJio(bypaH03e (2

vl3) ^oCnjeHH cy OATOBapajyhH ,nHMeTKJxau.eTajm 2,5-aHXH^po-3-0-p-TOJiyoncyji(poHHJi-D-KCHJio3e

(4) h 2,5-aHxnnpo-3-0-MeTaHcyji4>oHHJi-D-KCHno3e (5) y ao6phm npuHocHMa. AnajiorHO, KticeJio-

-KaTajtHSOBaHOM anKOXonH30M 2k jy eTKJieHT.riHKojiy, nooHjeHK cy ooroBapajyhM aiioKcujiaHCKH

ayerajm 6 h 7. CyjKpoHHJiOKCH rpyne Ha C-3 y CHHTerHSOBaHHM aueTajwMa cy BeoMa peaKTHBHe

npH aejCTBy janitx, na taK h cna6nx 6a3a (NaOMe, t-BuOK h NaHCOa), npn neMy juko Hacrajy

oflroBapajyhn enoKCHAHH flepHBaTH (S h 9). HcnHTHBaH>e khhcthkc rrpoueca dx>pMHpaa>a enoi<-

CH^a 8 h 9 noKa3aJio je fla p-TOJiyojicyjKpOHaTHH ecrpii 4 h 6 pearyjy 2,5-3 nyra 6p»e on h>h-

xobhx MeraHcyjicpoHaTHiix aHajiora 5 h 7, urro yKasyje fla je y ochobhhm craibHMa jefliiH>eH>a

4 h 6 npwcyTaH 3HaTHiijn crepmt HanoH, kojh v6p3aoa (pop\mpau.e OKCupaHCKiix npcreHOBa.

(IIpHMJbeHO 27. aeae«6pa 1982)

REFERENCES

1. F. Shafizadeh, Advan. Carbohyd. Chem. 13, 9 (1958)

2. S. Wilkinson, Quart. Rev. 15, 153 (1961)

3. T. Ogawa, M. Matsui, H. Ohrui, H. Kuzuhara, S. Emoto, Agr. Biol. Chem. (Japan) 36

1449, 1655 (1972)

4. A. Gateau-Olesker, I. Castellanos, F. Panne-Jacolot, J. Cleophax, S. D. Gero, Tetra

hedron 37, 1685 (1981)

5. L. Castellanos, A. Gateau-Olesker, F. Panne-Jacolot, J. Cleophax, S. D. Gero, Ibid. 37

1691 (1981)

6. J. Defaye, J. Hildesheim, Tetrahedron Lett. 313 (1968)

7. J. Defaye, Advan. Carbohyd. Chem. 25, 181 (1970)

8. J. Defaye, V. Ratovelomanana, Carbohyd. Res. 17, 57 (1971)

9. J. Defaye, D. Horton, M. Muesser, Ibid. 20, 305 (1971).

10. V. F. Kazimirova, K. V. Levitskaya, Zhur. Obshchei Khim. 30, 723 (1960)

11. K. Heyns, J. Lenz, Ber., 94, 348 (1961).



TJIACHHK XEMHJCKOr -HPyiUTBA BEOrPAfl

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD48 (3) 219—227 (1983)

GHDB-903 UDC 547.45S/.526

Original scientific paper

SYNTHESIS AND CHEMICAL BEHAVIOUR OF SOME 2,5-ANHYDRO-

-D-ALDOPENTOSES. II.

DUSAN A. MILJKOVIC, VELIMIR J. POPSAVIN and BRANKO

S. SLAVICA •

Institute of Chemistry, Faculty of Science, University of Novi Sad, YU-21000 Novi Sad, Yugoslavia

(Received 26 January 1983)

Two multistep syntheses of acetal derivatives of 2,5-anhydro-D-ribose (15

and 16), the key-intermediates in a planned synthesis of d-oxybiotin, are described.

By an action of benzoyl chloride in pyridine 3-O-sulphonate esters of acetal deriv

atives of 2,5-anhydro-D-xylose1 (/•—<) were converted into corresponding 4-0-

-benzoyl derivatives (5—8), which were further epimerized at C-3 affording the

isomeric benzoyl derivatives of 2,5-anhydro-D-ribose (9 and 10). The compounds

9 and 10 were firstly debenzoylated by sodium methoxyde in methanol and the

obtained acetal derivatives of 2,5-anhydro-D-ribose (// and 12) were subsequently

converted into 3,4-di-O-methanesulphonic esters of 2,5-anhydro-D-ribose (i5

and 16) by an action of methancsulphonyl chloridein pyridine. Investigations ofthesol-

volysis kinetics for the compounds 5—* in 95% N, N-dimethylformamide have

shown that there exists a considerable steric strain in the ground states of 5—8,

causing a greater reactivity of ^-toluenesulphonate esters 5 and 7 compared with

their methanesulphonate analogues 6 and 8. These findings are in accordance

with our previous studies1.

In our previous work1, starting from D-xylose, we achieved a synthesis

of acetal derivatives of 3-0-/>-toluenesuIphonic and methanesulphonic esters of

2,5-anhydro-D-xylose (/—4, Scheme 1), the important intermediates in a planned

synthesis of d-oxybiotin. The next step in this multistage stereospecific synthesis

of d-oxybiotin was a further chemical transformation of the mentioned 2,5-an-

hydrides of D-xylose (/—4) into the corresponding acetal derivatives of 2,5-an

hydro-D-ribose (15 and 16). We assume that these compounds (15 and 16) can

be converted into d-oxybiotin in a straightforward manner, by introducing two

amine functions at position C-3 and C-4, involving Walden inversion at both

centres, and by a proper lengthening of the side chain starting from the C-l acetal

group. All chemical transformations carried out in this work arc summarized

in Scheme I.

By using standard synthetic procedures (benzoyl chloride in pyridine at

room temperature), the compounds 1 to 4 were converted into the corresponding

4-O-benzoyl derivatives 5—6" in satisfactory yields ranging from 60 to 90%.
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SCHEME 1

The next, strategically important step, was the C-3 cpimerization of the

D-xylose derivatives (J—8) in order to obtain stereospecifically, in high yields,

necessary D-ribose derivatives (15 and 16). This aim was achieved by solvolysis

of benzoate esters (5—8) in N,N-dimethylformamide (5% of water), at reflux

temperature in the presence of calcium carbonate as a proton acceptor.

The basic idea for this stereospecific solvolytic transformation came from

the chemical literature2 4. Namely, it was shown that solvolytic reactions of tratis-

-a-acyloxy sulphonates, in wet aprotic solvents, proceed with a participation of

the neighbouring acyloxy group, whereupon the ortho-ester derivatives of type

I are formed (Scheme 2), as reactive intermediates. In subsequent steps the orrho-

-ester I is spontaneously decomposed into two isomeric benzoates (II), as a con

sequence of the configuration inversion at the electrophilic centre.

By performing the solvolytic reactions with compounds 5—8, we quali

tatively noticed different rates of formation of D-ribose benzoate derivatives (9

and 10) in varying yields as well. A similar observation was made in our previous

work1, where it was established that />-toluenesulphonic esters 1 and 3 had been

 

SCHEME 2
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converted into the corresponding epoxides 2.5—3 times faster than their methane-

sulphonic analogues (2 and 4). Namely, it is obvious that in both previous and

present cases there exists a serious steric strain in the ground states of the starting

molecules (/—8) due to nonbonding repulsive interactions between the proxime

and bulky substituents at C-l and C-3. These interactions are obviously stronger

in the cases of C-3 tosylate derivatives compared with C-3 mesylate analogues.

As in transition states, leading to the products formation, molecules 5—8 release

a part of their steric strain, tosylates 5 and 7 react faster than corresponding mes

ylates 6 and 8 due to bulkier tosyloxy groups.

To confirm these findings quantitatively, we decided to follow the kinetics

of the solvolytic reactions of the compounds J—8, performed in 95% N,N-di-

methylformamide at 140— 142°C, in the presence of calcium carbonate. The

quantitative course of the solvolytic reactions was followed by high pressure liquid

chromatography (HPLC), using reverse phases and an external standard. The

results of these investigations are summarized in diagrams 1 and 2. As it can be

seen from these diagrams the nature of the acetal function at C-l does not influence

to a greater extent the rate of the solvolytic reactions (namely, tosylates 5 and

7, as well as mesylates 6 and 8 react by approximately the same rates). Indeed,

the solvolytic rates depend solely on the nature of the leaving group from C-3.

Taking into account that solvolysis reactions of the compounds 5—8 follow

first order kinetics, under the stated reaction conditions, the following equation

can be applied:

* = ' In So (1)

t Si

where k is the rate constant (s-1), t the time (s), S0 the starting substrate concen

tration (mol/dm3) and St the substrate concentration at time t (mol/dm3). Equation

(1) can be further transformed as follows:

In S, = - kt + In S0. (2)

As equation (2) represents a linear relationship, the rate constant can be simply

determined graphically (from the corresponding slope) or numerically (by the

least squares method).

By numerical extrapolation of the experimental results, following values

for the rate constants (s_1) were obtained: k (5) = 2.44 x 10~4, k (6) = 9.84 x

x 10-5, k(7) = 2.63 X 10-4 and k(8) = 9.30 x 10"5.

Based on kinetic measurements, one can conclude that p-toluenesulphonic

ester 5 reacts approximately 2.5 times faster than its methanesulphonic analogue

6, while under the same reaction conditions, dioxolane tosylate 7 reacts circa 2.5

times faster than the corresponding mesylate 8.

In the subsequent step leading toward d-oxybiotin, isomeric benzoates

9 and 10 were debenzoylated by sodium methoxide in methanol at room temper

ature, whereupon dimethyl acetal of 2,5-anhydro-D-ribose (//)5 was obtained

in 77% yield, while ethylene acetal of 2,5-anhydro-D-ribose (12) was prepared

in 95% yield.
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DIAGRAM 1 : Concentration

changes of the compound 5 and 6

as a function of the reaction time

(a) ; graphical determination of the

rate constants for the solvolytic

reactions of the compounds 5 and

6 (b)

In order to confirm the structure and configuration of the products // and

12, they were subjected to a condensation reaction with cyclohexanone in pres

ence of cone, sulphuric acid as a catalyst, whereby the corresponding 3,4-0-

-cyclohexylidene derivatives {13 and 14) were formed in high yields. This fact

proves the cis- (ribo-) configuration of the solvolytic products, pointing out, in

addition, that he solvolysis of benzoyl derivatives 5—8 proceeds with the in

version of the C-3 configuration.

Finally, the compounds // and 12 were converted, with methanesulphonyl

chloride in pyridine, into the corresponding 3,4-O-methanesulphonic esters 15

(72% yield) and 16 (83% yield), which are expected to serve as useful interme

diates in future synthesis of d-oxybiotin.

The structures of all prepared compounds (5—16) were deduced by standard

spectroscopic methods and by satisfactory elemental microanalyses (see experi

mental part of this work).
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DIAGRAM 2: Concentration

changes of the compound 7 and

8 as a function of the reaction

time (a); graphical determination of

the rate constants for the solvolytic

of the compounds 7 and

* (b)

 

EXPERIMEN TAL

^ IR spectra have been recorded with a Perkin-Elmer 457 spectrophotometer and band

positions (vm) are given in cm-1. NMR spectra have been recorded with a Varian 60A instru

ment using tetramethylsilane as the internal standard. Chemical shifts (8) are given in ppm val

ues; symbols s, d, t, q, qi and m denote singlet, doublet, triplet, quartet, quintet and multiplet,

respectively. Mass spectra were taken with a Varian CH-5 spectrometer (first number denotes

the mjt value, while ion abundances are given in parentheses). Melting points were determined

with a Biichi SMP-20 apparatus and are not corrected. Chromatograms were obtained with Wa

ters Liquid Chromatograph, model 244, by applying a Micropak MCH-5 column (Varian). As

a mobile phase, acetonitrile-water (58:42) was used, with a flow rate of 1 cm3/min and at the

pressure of 17.0 MPa. A UV detector was used (254 nm) with a sensitvitiy of 0.5 (AUFS). All

determinations were performed by appliyng an external standard and Waters Data Module M 730.

2,5-Anhydro-3-0-p-toluenesulphonyI-4-0-benzoyl-D-xylose dimethylacctal (.5)

A solution of the compound 71 (1.20g, 3.64 mmol) and benzoyl chloride (1.20g, 7.92

mraol) in dry pyridine (20 cm3) was left at room temperature for 24 h. The reaction mixture

was then poured on ice (40 g), acidified with diluted HC1 (4:1, 100 cm3), and the resulting sus

pension was extracted with CHCls. Combined extracts were washed with water (pH 6—7), then

with saturated NaHCOa (3 x 30 cm3) and dried over anh. Na2COn. After removal of drying

agent (by filtration) and CHCls (in vacuum), the crude product 5 was obtained as a yellow oil.

After chromatography on a column of silica gel (100 g, benzene-acetone 9:1), the pure compound

5 was obtained as a colourless oil (1.50 g, 95%). IR spectrum (film): 3080—3030, 3000—2840,

1725, 1600, 1370, 1270, 1190—1180, 1100—1070, 850, 715, 670. NMR spectrum (C«D«): 1.17
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<s, 3H), 2.57 (s, 3H), 2.63 (s, 3H), 2.82—3.04 (m, 1H), 3.36—3.70 (several signals, 2H),

(d, J = 7.5 Hz, 1H), 4.68—4.83 (several signals, 2H), 6.00—7.23 (several siganals, 9H). fVIass

spectrum: 405(5), 233(3), 155(5), 105(20), 87(13), SJ(100), 75(98). Anal. Found: C, 57,49 i H,

5.68; S, 7.29. Calc. for CziHmO.S: C, 57.80; H, 5.50; S, 7.34.

2,5-Anhydro-3-0-methanesulphonyl-4-0-benzoyl-D-xylose dimethylacetal (6)

From the compound 2l (l.OOg, 3.91 mmol), by an action of benzoyl chloride (0.78 g,

5.17 mmol) in dry pyridine (10 cm3), under analogous experimental conditions given in the pre

vious procedure or obtaining the compound 5, the crude compound 6 was isolated in a form

of yellow oil. After double chromatography on a column of silica gel (100 g, benzene-acetone

9:1), the pure compound 6 was obtained (1.30 g, 93%) as a colourless oil. Crystallization from

diisopropyl ether afforded colourless crystals, m. p. 54—57' (0.81 g, 58%). IR spectrum (KBr) :

3070—3030,3030—2740, 1725, 1600, 1370, 1270, 1180, 1100—1070, 720. NMR spectrum (OOa):

3.22 (s, 3H), 3.50 (s, 3H), 3.54 (s, 3H), 3.90—4.48 (several signals, 3H), 4.65 (m, 1H), 5.25 C<J,

1H), 5.60 (m, 1H), 7.35—8.15 (several signals, 5H). Mass spectrum: 329(3), 233(5), 105C86),

87(6), 83(52), 75(100). Anal. Found: C, 50,13; H, 5.51; S, 8.60. Calc. for CisHsoOsS: C, 50.OO;

H, 5.55; S, 8.89.

2,5-Anhydro-3-0-p-toluenesulphonyl-4-0-benzoyl-D-xylose ethylenacetal (7)

From the compound J1 (l.OOg, 3.03 mmol) and benzoyl chloride (1.30 g, 8.61 mmol)

in dry pyridine (15 cm3), using the procedure for obtaining compound 5, the crude

compound 7 was obtained as a yellow solid. On recrystallization from MeOH colourless crystals

of pure compound 7 were obtained (1.07 g, 81%), m. p. 131—132°. IR spectrum (KBr): 303O

—3000, 2980—2860, 1715, 1600, 1370, 1280—1260, 1190—1180, 1120—950, 860, 720, 670.

NMR spectrum (CDCb): 2.40 (s, 3H), 3.78—4.13 (several signals, 6H), 4.3C—4.56 (q, 1H),

5.05 (d, J = 5.4 Hz, 1H), 5.15—5.27 (q, 1H), 5.42—5.56 (qi, 1H), 7.25—8.02 (several signals ,

9H). Mass spectrum: 361(3), 245(21), 228(16), 190(7), 155(7), '105(47), 91(24), 77(19), 73(100).

Anal. Found: C, 57.84; H, 5.15; S, 7.00. Calc. for GiiHjsOsS: C, 58.06; H, 5.07; S, 7.37.

2,5-Anhydro-3-0-methanesulphonyl-4-0-benzoyl-D-xylose ethylenacetal (8)

From compound 41 (0.52 g, 2.05 mmol) and benzoyl chloride (0.39 g, 2.58 mmol) in dry

pyridine (10 cm3), under analoguos experimental conditions as described in the procedure for

obtaining compound 5, the crude compound 8 was obtained. After chromatographic purification

on a column of silica gel (100 g, benzene-acetone 9:1) and crystallization from EtOH, pure com

pound 8 was obtained (0.49 g, 68%), m. p. 87—89°. IR spectrum (KBr): 3070—3030, 3000—

—2900, 1725, 1600, 1370—1340, 1270, 1190, 1120—985 , 720. NMR spectrum (CDCb): 3.16

(s, 3H), 4.02—4.22 (several signals, 6H), 4.45—4.72 (q, 1H), 5.23 (d, J = 6 Hz, 1H), 5.30—

—5.40 (q, 1H), 5.62—5.78 (m, 1H), 7.45—8.35 (several signals, 5H). Mass spectrum: 217(2),

190(5), 169(4), 105(45), 85(7), 79(7), 73(100). Anal. Found: C, 50.32; H, 5.04; S, 8.85. Calc.

or CisHibOsS: C, 50.28; H, 5.03; S, 8.94.

Isomeric benzoyl derivatives of 2,5-anhydro-D-ribose dimethylacetal (9)

Procedure A : A suspension of the compound 5 (0.84 g, 1.90 mmol) and calcium carbonate

(0.50 g, 5.0 mmol) in 95% N,N-dimethylformamide (5% water, 10 cm3) was refluxed with stirring

for 2 h. After removal of solvent in vacuum (oil pump), dry residue was extracted with hot CHCla

(3 x 30 cm3) and the combined extracts were dried over anh. Na2S04. After removal of drying

agent (by filtration) and CHCI3 (in vacuum), the crude residue was chromatographed on a col

umn of silica gel (50g, benzene-acetone 4:1). The mixture of the isomeric benzoyl derivatives

9 was obtained as a colourless oil (0.47 g, 87%).

Procedure B: A suspension of the compound 6 (0.77 g, 2.14 mmol) and calcium carbonate

(0.50 g, 5.0 mmol) in 95% DMF (10 cm3) was refluxed with stirring for 4h. Reaction mixture

was then worked up according to procedure A, affording the same product 9 as a colourless oil

0.44 g, 73%). IR spectrum (film): 3450, 3060—3000, 3000—2840, 1720, 1600, 1280, 1 120—1070.

Isomeric benzoyl derivatives of 2,5-anhydro-D-ribose ethylenacetal (Iff)

Procedure A: The compound 7 (0.53 g; 1.22 mmol), calcium carbonate (0.50 g; 5 mmol)

and 95% DMF (20 cm3) were refluxed with stirring for 4 h. The reaction mixture was worked

up according to procedure A for the preparation of the product 9, and after crystallization from

AcOEt-hexane benzoyl derivatives 10 were obtained (0.19 g, 55%), m. p. 80—98°.
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Procedure B: The compound 8 (0.22 g, 0.61 mmol), calcium carbonate (0.10 g, l.Ommol)

and 95 °0 DMF were refluxed with stirring for 6 h. The reaction mixture was worked up as already

described (see procedure A for obtaining 9) and upon crystallization from AcOEt-hexane, the

same mixture of benzoates (10) was obtained (0.12 g, 70%), m. p. 81'—100°. IR spectrum (KBr):

3380, 3060—3000, 2980—2880, 1740, 1600, 1280, 1170—985. NMR spectrum (CDCls): 2.66

(broad signal, 1H), 3.84—4.25 (several signals, 7H), 4.32—4.58 (q, 1H), 5.05 (d, J = 3 Hz, 1H),

5.35—5.57 (m, 1H), 7.25—8.14 (several signals, 5H). Mass spectrum: 207(4), 190(19), 105(66),

91(6), 86(7), 85(7), 77(43), 7j(100). Anal. Found: C, 60.23; H, 5.54. Calc. for ChHisOb: C, 60.00;

H, 5.71.

2.5-Anhydro-D-ribose dimethylacetal (11)

The mixture of isomeric benzoates 9 (0.47 g, 1.67 mmol) was dissolved in a sodium

meihoxide in MeOH solution (0.01 M, 10 cm3) and reaction mixture was left at room temp, for

30 min. After neutralization with AcOH in MeOH (1 :1, pH 6—7), solvent was removed in vac

uum and the crude compound / / was chromatographed on a column of silica gel (50 g, benezene-

-acetone 3:2). The pure compound // was obtained as a colourless oil (0.23 g, 77%). IR spec

trum 'film): 3400, 3000—2830, 1450, 1150—1050.

2,5-Anhydro-D-riboSe ethylenacetal (12)

From the mixture of isomeric benzoates 70(1.05 g, 3.75 mmol), under analogous exper

imental conditions as described in the procedure for obtaining compound 11, the compound

12 was obtained in a form of colourless oil (0.63 g, 95%). IR spectrum (film): 3365, 3000—2880,

1160—950.

2,5-Anhydro-3,4-0-cyclohexylidene-D-ribose dimethylacetal (13)

A solution of the compound 11 (0.43 g, 2.42 mmol) in cyclohexanone (10 cm8), after ad

ding cone. HsSO^ (2 drops), was stirred at room temp, for 2 h. The reaction mixture was then

mixed with CHCla (1 0 cm3) and the resulting solution was washed with aqueous saturated NaHCOs

(3x10 cm3) and dried over anh. Na2C03. After removal of drying agent (by filtration) and sol

vent (in vacuum; oil pump), the crude product was chromatographed on a column of silica gel

(100 g, benzene-ethyl acetate 9:1). The pure compound 13 was obtained in a form of colourless

oil (0.59 g, 95%). IR spectrum (film): 3000—2820, 1450, 1370, 1170—1040. NMR spectrum

(CDCls): 1.50—1.83 (broad signals, 10H), 3.53 (s; 6H), 4.08 (several signals, 2H), 4.04—4.42

(AB quartet, 2H), 4.84 (several signals, 2H). Mass spectrum: 258 (M+, 6), 229(3), 227(3), 215

(16 1, 99(2), 98(4), 97(3), 75(100). Anal. Found: C, 60.55; H, 8.41. Calc. for CisHasOs: C, 60.47;

H, 8.53.

2,5-Anhydro-3,4-0-cyclohexylidene-D-ribose ethylenacetal (14)

From the compound 12 (0.41 g, 2.33 mmol), under analogous experimental conditions

as described in the procedure for obtaining compound 13, compound 14 was obtained in a form

of colourless oil (0.53 g, 89%). IR spectrum (film): 3000—2860, 1450, 1370, 1170—1140. NMR

spectrum (CDCI3): 1.35—1.83 (broad signals, 10H); 3.82—4.48 (several signals; 7H), 4.62 (d,

J = 4.5 Hz, 1H), 4.83 (d, / = 1.5 Hz, 1H), 4.98 (d, J = 2.5 Hz, 1H). Mass spectrum: 256 (M+,

10), 227 (4), 213(19), 99(3), 98 (3), 97 (3), 73 (100). Anal. Found: C, 60.60; H, 7.87, Calc. for

CuHmOs: C, 60.94, H, 7.81.

2,5-Anhydro-3,4-di-0-rncthanesulphonyl-D-ribosc dimethylacetal (/5)

A solution of compound // (0.10 g; 0.56 mmol) and methanesulphonyl chloride (0.20

cm3, 2.58 mmol) in dry pyridine (2 cm3) was left at room temp, for 3 h. The reaction mixture

was then poured into diluted HC1 (4:1; 7 cm3) and ice (5 g). The resulting suspension was ex

tracted with CHCI3 and the combined extract was washed with water (pH 6—7) and dried over

anh. NajSO,!. After removal of drying agent (by filtration) and CHCI3 (in vacuum) a yellow oil

remained. Upon double recrystallization from EtOH, colourless crystals of the pure compound

15 were obtained (0.13 g, 72%), m. p. 92°. IR spectrum (KBr): 3020—2840, 1350—1335, 1 180;

1090—890. NMR spectrum (CDCI3): 3.17 (s, 3H), 3.20 (s, 3H), 3.52 (s, 3H), 3.58 (s, 3H), 4.12

—4,31 (several signals, 3H), 4.51 (d, J = 3 Hz, 1H), 5.23—5.36 (several signals, 2H). Mass spec

trum: 206(11), 87(11), 79(30), 75(100), 69(14). Anal. Found: C, 32.33; H, 5.38; S, 19.06. Calc.

for CjHxsOgSj: C, 32.33; H, 5.39; S, 19.16.
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2)5-Armydro-3,4-di-0-methanesuIphonyl-D-ribose ethylenacetal (76)

From the compound 12 (0.62 g, 0.78 mmol) by an action of methanesulphonyl chlo ri *A

(0.83 cm1, 10.52 mmol ) in dry pyridine (10cms), under analogous experimental conditions a

described in the procedure for obtaining compound 15, the crude compound 16 was obtair»e<

as a yellow solid . After chromatography on a column of silica gel (20 g, benzene-acetone 3:2

and crystallization from EtOH, colourless crystals of the pure compound 16 were obtained (0.9'

g,83%),m.p. 107—108°. IR spectrum (KBr): 3020—2900, 1365—1335, 1180—1170, 1095—930

NMR spectrum (CDC1»): 3.11 (s, 3H), 4.01 (d, J = 2.5 Hz, 1H), 3.90—4.32 (several signals

6H), 5.05 (d, J = 2.5 Hz, 1H), 5.16—5.28 (several signals, 2H). Mass spectrum: 332 (M*. 3)

169(14), 85(31), 79(36), 7J(100), 69(50). Anal. Found: C, 32.81; H, 4.84; S, 19.43. Calc. for

CoHifOtSs: C, 32.53; H, 4.82; S, 19.28.

Solvolysis kinetics for compounds 5—8 in 95% N,N-dimethylformamide

a) Preparation of starting substrate solutions (5—*). Approximately 0.2 molar solutions.

of 2,5-anhydrides 5—* in 95% N,N-dimethylformamidc (5% water) were prepared according

to Table I:

TABLE I

Substrate Amount of substrate

g/10cm3

Concentration

mol/dm3

5 1.0030 0.230

6 0.7180 0.199

7 0.8920 0.205

8 0.6832 0.191

b) Preparation of reference {standard) solutions. The following reference solutions of each

mentioned substrate (5—8) and the corresponding solvolysis product (9 and 10) in 95% DMF

were prepared (mg of substrate in 1 cm3); Solution A: 10.43 5 + 9.77 9, Solution B: 7.67 6 -f

+ 6.25 9, Solution C: 10.23 7 + 7.43 10 and Solution D: 7.84 8 + 5.91 10.

These solutions were applied as external standards for the quantitative determination

of compositions of reaction mixtures, obtained upon solvolysis of 5—8, by means of HPLC (see

page 223). For reference purposes samples of 3 \i\ of standard solutions were used. The measure

ments for reference purposes are summarized in Table II:

TABLE II

Reten. time (mn) Amount (mg/3 (xl) Deviation (%)

Solution Product Substrate Product Substrate Product Substrate

A 4.00 13.50 0.0293 0.0313 0.47 0.29

B 3.98 5.71 0.0189 0.0231 0.69 0.39

C 3.71 11.15 0.0223 0.0309 0.22 0.72

D 3.74 5.20 0.0178 0.0235 0.39 0.08

c) Procedure for following the solvolysis kinetics. To substate solutions (10 cm3; Table

I) 0.5 g of calcium carbonate is added and resulting stuspensions arc stirred in a thermostat at

140—142°. At definite time intervals, samples (0.5 cm3) are taken out and diluted to the total

volume of 5 cm3 (with 95% DMF). The obtained solutions are firstly filtered through millipore

filters (0.45 [Am), and then analysed by mer.ns of HPLC (see page 223). For analysis a sample

of 3 |xl is used. The results of these investigations are summarized in Diagrams 1 and 2.

The authors are grateful to the Regional Scientific Found of SAP Vojvodina for supporting

this work.
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извод

СИНТЕЗЕ И ОСОБИНЕ НЕКИХ 2,5-АНХИДРО-О-АЛДОПЕНТОЗА. II.

ДУШАН А. МИЛ>КОВИЪ, ВЕЛИМИР ПОПСАВИН и БРАНКО С. СЛАВИЦА

Институт за хемщу, Природно-машемашички факулшсш, Ве.ъка ВлаховиНа 2, 21000 Нови Сад

Описане су две вншефазне синтезе ацеталних деривата 2,5-анхидро-В-рибозе (/5

п 16), юьучних интермеди)ера у планирано) синтез» й-оксибиотина. З-О-Сулфонатни естри

ацеталних деривата 2,5-анхидро-В-ксилозе (У—4)1 су, детством бензоилхлорида у пиридину,

преведени у одговара)уЬе 4-О-бензоил деривате (5—8), ко)и су затим у солволитичким

условима епимеризовани на С-3, при чему су доби)'ени изомерии бензоилдеривати 2,5-

-анхидро-О-рибозе (9 и 10). 1един>ен>а 9 и 10 су прво дебензоилована, детством натрщум-

яетоксида у метанолу, а доби)'ени ацетални деривата 2,5-анхидро-О-рибозе {11 и 12) су

затим, детством метансулфонилхлорнда у пиридину, проведени у 3,4-ди-О-метансулфо-

мтне естре 2,5-анхидро-В-рибозе 15 и 16). Резултати исиитиван>а кинетике реакци)а сол-

волиэе 2,5-анхидрида 5—8 у 95% N. Ы-диметилформамиду, указу)у на присуство знатног

перног напона у основним ставьима 5—8. Овим се може об)аснити века реактивност р-

-толуолсулфонатних естара 5 и 7 у односу на кихове метансулфонатне аналоге 6 и 8, што

* У складу са резултатима наших рани)их истражипан.а1.

(Прилцьено 26. )ануара 1983)
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5- I. БеГауе, Т> . НоПоп, М. Миеззег, СатЬокуА. Ке$. 20, 305 (1971).





TJ1ACHHK XEMHJCKOr flPYUITBA EEOrPAJI

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD48 (5) 229—233 (1983)

GHDB-904 UDC 547.835:543.242

Original scientific paper
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Photoredox processes induced by visible light (?. > 400 nm) in aqueous

solution of proflavine, EDTA and methyl viologen lead to the reduction of methyl

viologen. In the presence of redox catalysts (platinum, palladium, zinc(II) oxide, ti-

tanium(IV) oxide and nickel) the reduction of water by the reduced form of methyl

viologen (MV f) is accompanied by evolution of hydrogen. The temperature effect

on the formation of MV+ and hydrogen evolution was investigated. It was found that
the evolution of hydrogen was enhanced at higher temperatures (66CC), and the

reduction of MV+ was hindered. At the same temperature the hydrogen yield in

creased with the pressure decrease.

Decomposition of water into hydrogen and oxygen by the photochemical

reaction

H2O^H2+l/2 02 (1)

represents a convenient method for the conversion and storage of solar energy.

Direct photolysis of water by visible light is not possible, but catalytic photo-

dissociation has already given noticeable results, and intensive investigations are

in progress to examine the possibilities of increasing the efficiency of certain

systems.

The organic dyes (proflavine, PF or acridine yellow, AY) —EDTA (eth-

ylenediamine tetraacetic acid)—methyl viologen (N,N,-dimethyl-4,4'-bipyridine,

MV*+) system coupled to a redox catalyst appears to be suitable for production

of hydrogen, using solar energy1-4. The kinetics and mechanism of these systems

have been studied in detail and the following reactions have been found to take

place5-8 :

PF *L. PF* (2)

PF* + EDTA PF- + EDTA+ (3)

PF- + MV2+ -> MV+ + PF. (4)

The resulting one-electron acceptor couple MV2+/MVr has a sufficiently low

redox potential (E° = —0.44 V) to reduce water in presence of a suitable catalyst:

MV+ + H20 CTUl- . 1/2 H2 + MV2 ► + OH- (5)

229
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In this work we observed the conditions for improving the efficiency of

hydrogen evolution by investigating temperature and pressure effects on the hy

drogen yield.

EXPERIMENTAL*

AH the reagents used were commercial products of the highest purity available. Solutions

were prepared with triply distilled water. Oxygen was removed by bubbling with argon. The

acidity of the solution was adjusted by sulphuric acid; the pH of the solution was 4.7.

The catalysts chosen for the reduction of water were Pd (10%) on AI2O3 (BDH), Ni (98%)

on CrjOs*, TiOi (anatase, Merck), ZnO (Merck) and colloidal platinum prepared as poly(vinyl

alcohol) stabilized water suspensions10.

The illumination was performed with an Osram XBO 150 lamp at room temperature

(18 ± 1°) and at a higher temperature (66 ± 1°). A 400 nm cut-off filter was placed in the

beam to eliminate UV wavelengths. Each irradiation was carried out on a 9 cm3 sample of an

argon saturated solution at a constant temperature. The actinometry, carried out with potassium

ferrioxalate, gave a value of 1.6 x 10~7 einstein/min for the sample position. For quantum yield

studies, the light intensity was restricted to wavelengths cf 420—480 nm by means of a K-45

Balzer interference filter.

The gas chromatographic method was employed for hydrogen determination with a 154

D Perkin-Elmer instrument, on a column with silica gel, at 50°n.

RESULTS AND DISCUSSION

In order to investigate the temperature effect of the formation of MV+,

we illuminated aqueous solutions of 5 x 10_5moldm"3 of proflavine, containing

1 x 10-2moldm-3 EDTA and 5 x 10"3 mol dm"3 MV2+. Figure 1 presents

the MV+ absorbance as a function of irradiation time for different temperatures.

The formation of MV+ is not linear and extensive photolysis leads to a gradual

disappearance of MV+, probably due to MV+ reducing to MV°. This step of

reduction of MV+ to MV° either occurs via direct photolysis of MV+, or involves

some doubly reduced form of proflavine. However, it can be seen that at higher

temperatures MV+ is formed effectively.

The initial quantum yield of MV+ (the ratio of the number of molecules of

MV+ formed to the number of photons) increases from 0.67 to 1 .0 with the tem

perature increasing from 18° to 66°. Since reactions (2) — (4) in which MV+ is

formed are very fast, the temperature affects most likely only the reduction of

MV+ to MV°.

In the presence of a catalyst the hydrogen evolution occurs according to

reaction (5). It was noticed that the hydrogen yield depends to a great extent on

the pH of the solution, as well as on the concentration of the catalyst6. Using Pt

hydrosols as a catalyst, optimum coditions for hydrogen production were found

to be (1 — 5) x 10-5 mol dm-3 Pt at pH 4 — 5. In a solution of proflavine (5 x

X 10-5 mol dm-3), EDTA (2 x 10-2 mol dm-3), MV2+(5 x 10"3 mol dmr3) and

Pt hydrosol (2.5 x 10-5 mol dm-3), at pH 5, the quantum yield of hydrogen

formation is 0.18 ± 0.03. The evolution of hydrogen has a constant value up

* All experiments have been performed at the Boris Kidrii Institute of Nuclear Sciences*

on Chemistry Department.
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Fig. 1 . Photoreduction of methyl viologen. Absorbance of MV+ as a func

tion of irradiation time for different temperatures measured at 600 nm.

to one hour of illumination. As the initial quantum yield of MV+ in absence o

Pt is 0.67, under the same condition, means that MV+ does not lead completel y

to the stoichiometric formation of H2. At the higher temperature (66°) the quantum

yield of hydrogen formation increases to the value of 0.30 ± 0.03. The same re

sults, <I> (H2) =»= 0.33, at 66° has been found for centrifugated colloidal platinum

stabilized by poly(vinyl alcohol). Hydrogen formation increases by a factor 1.66

with increasing temperature from 18° to 66°. However, even at 66° only 60%

of the MV+ ions produce hydrogen according to the stoichiometric relation of

reaction (5). The rest probably disappears in the hydrogenation process on plat

inum in which MV2+ is degraded12.

The increase of hydrogen evolution at the higher temperature can be attrib

uted to the greater amount of MV+ ions in the solution (Fig. 1), as well as to

the significant temperature effect on the rate of the reaction12:

MV+ + Pt -> MV2+ + Pt-

which was found to be the first step in the water reduction process on a Pt cat

alyst (reaction 5). On the other side, however, the presence of hydrogen leads

to a process of hydrogenation of MV2-1" and MV+ on platinum, and decreases

the hydrogen yield13-16. The extent ofhydrogenation decreases with increasing tem

perature12, which also contributes to the noticeable increase of O (H2) on the

higher temperature.

The pressure effect on the hydrogen yield points to its increase with the

pressure decrease (Table I). Using-aPt (citric acid) colloid as a catalyst, the effi

ciency of hydrogen evolution was 82% under the pressure of 7.6 kPa and tem

perature of 66°.
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TABLE I. Temperature and pressure effects on the hydrogen evolution from the aqueous so

lutions under the action of visible light*

Pressure, *(H,) <D(MV+) Efficiency**

kPa 18°C 66°C 66°C

101.3 0.15 0.25 0.90 55

7.6 0.16 0.37 0.90 82

* Irradiation of 9 cm3 solution of proflavine (5 x 10-5 mol dm"*), MVa+ (5 x 10-3mol dm-*)*

EDTA (2 x 10-»moldm-») and Pt (citric acid) colloidal (10-2gdm-3)

** 24>(H2)/<1>(MV+) x 100 at 66°

It was found that other metals, besides platinum and palladium, like nickel,

zinc(II) oxide, titanium(IV) oxide, which are much cheaper and therefore have

a greater practical application, are capable of mediating the complex electron

transfer reactions leading to hydrogen formation8. In order to compare the effi

ciency of these catalysts, hydrogen production was measured by continuous illu

mination under the same conditions at 18° and 66°. According to the obtained

TABLE II. Hydrogen evolution by visible light irradiation from aqueous solutions*

Catalyst H2(|imol/h),r = 18 ± 1° Hi((xmol/h), t = 66 ±1°

Ni on CrsOa 3.04 12.83

TiO» 4.28 4.18

Pt colloidal 17.1 28.5

ZnO 5.42 6.46

Pd (10%)/AlaO, 3.28 9.60

Pt/PVA (centrifuged) 14.25 28.5

Irradiation of 9 cm3 solutions containing 5 x 10_smoldm_s proflavine, 5 x 10_smoldm-»

MV2+, and 1 x 10~2moldm-3 EDTA saturated with argon and 2 mg catalyst; pH of the

solution was 4.7.

results (Table II) it can be concluded that most of the investigated catalysts show

much better activity at the higher temperature, which means that part of the IR

solar spectrum can be used for higher H2 production. It is evident that the Pt

catalysts are most efficient in the process of photocatalytic formation of hydrogen

from water. It is interesting to notice that the temperature effect is most indicative

with Ni on G^Os and that TiOz does not show any temperature effect, which

is probably due to the strong absorption of H2 on the surface of TiC>2, where the

reaction of MV+ producing H2 is hindered at room temperature, while it decreases

at higher temperatures.

The temperature effect on hydrogen production was also observed by using

the same catalysts when acridine yellow has been applied instead of proflavine

as photosensitiser. Under these conditions the hydrogen yield was significantly

smaller. So, using colloidal platinum as catalyst, <S> (H2) increases from 0.02 to

0.1 with increasing temperature from 18° to 66°.

Acknowledgements. The authors wish to thank Dr Olga Micic and Dr Milica Nenadovic

for their helpful suggestions and discussion of this work.
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H3BOJ1

YTHLIAJ TEMIIEPATyPE HA <t>OTOKATAJIHTHHKO H3flBAJAH>E BO^OHHKA

H3 BOflEHOr PACTBOPA nPO*JIABHHA

MHPOCJIAB M. KOCAHHH, PAJKA II. 'BAJHTi-JOBAHOBHTi* h AJIEKCAHflAP JX. HHKOJWE

1luciuuuiyiu 3a xeuujy, Tlpupodiio-hiauieMaiuuHKU ipaKynuieCu u *HnciuuutyCu sa iipuMObeue ocmtue

ducufdi.tuHe, <PaKy.iuieiu iuexnuuKux uayna, ynueepmuieiu y HotOM Cady, 21000 Hoeu Cad

<t>OTope40KC npouecu H3a3BaHH flejcTBOM BH/ybHBe CBeTJiocTH (X > 400 run) Ha BojieHH

pacrBop Kojn caap>KH npotpjiaBiiH, EDTA h MeTan-BHOJioreH, ;i.OB0,ne flo pe/tyKuiije mcthji-

-BHOJioreHa. y npHcycTBy peaoKC-i<aTanH3aTopa (nviaTHHa, nsuiaAHjyMa, HHKaji, u.hhk(II)-okchj<

u THTaH(IV)-OKom) pcAYKOBaHit o6jihi< MeTiui-BHOjioreHa (MV+) peayKyje Boay ya H3,nBajan>e

BOAOHHKa. HcriHTaH je yrimaj TeAinepaType Ha CTBapaH>e MV+ K H3ABajaH>e BOaomiKa. 3ana>KeHO

je aa a ca nopacroM TeMnepaType (66°) H3ABajaibe BOflOHHKa noBehaBa, a pe.ayKU.nja MV+

ce cnpeiaBa. ITpH Hcroj TeMnepaTypn npiiHoc bo^ohhio ce noBehaBa ca CMan>ert>c.M npHTHCKa.

(ripHMJbeHo 20. Aeu.eM6pa 1982)
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MEASUREMENTS

MILAN I. TRTANJ, ZORAN B. MAKSIMOVIC and ALEKSANDAR

Lj. RUVARAC

Chemical Dynamics Laboratory, The Boris Kidric Institute of Nuclear Sciences, P.O. Box 522

YU-11001 Belgrade, Yugoslavia

(Received 31 May 1982; revised 15 October 1982)

The heats of solution of PETN, RDX and TNT in propylene oxide, nitro-

methane, 2-nitropropane and isopropylnitrate were measured by an isothermal

differential microcalorimeter at the temperature of 298 K. All the heats of solution

are endothermic, which is in agreement with the effects obtained from the measured

solubilities of the compounds in the investigated solvents, at different temperatures.

Pentaerythritoltetranitrate or pentrite (PETN), l,3,5-trinitro-l,3,5-tria2a-

cyclohexane or hexogene (RDX), and 2,4,6-trinitrotoluene (TNT) are solid ex

plosive materials. Data for physical, chemical, thermochemical, etc. properties

of these substances are given in literature1. A new analytical method for the de

termination of PETN and RDX from the waste nitric acid2 has been developed

in our laboratory. This paper presents the data obtained to continue the already

started investigations in this area.

EXPERIMENTAL

Materials: PETN, RDX and TNT, recrystallized twice from acetone solution, were used.

Solvents: propylene oxide, nitromethane, 2-nitropropane, and isopropylnitrate were vacuum

distilled and the obtained mid fractions were used for calorimetric measurements and the de

termination of the solubility.

Aparatus: An isothermal differential microcalorimeter, designed in our laboratory3, was

used for measuring the heats of solution of the solids in organic solvents. The temperature was

298 K. For equilibration of the phases during the determination of the solubility, a Grif in and

George vibrator was used. The density of the solvents was determined at 273, 283, 293 and 303

K, using a DMA 02C digital densitometer equipped with a Lauda theimostat.

RESULTS AND DISCUSSION

The presented microcalorimetric results of the heats of solution in organic

solvents stand for the mean values of ten measurements. Twenty-five to 60 mg

of solutes were dissolved in 200 ml of the solvents. The solute-solvent molar ratio

was 1 :8000 to 1 :25000, so that it is taken that all the measurements were made

at infinite dilution.
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The obtained values for the heats of solution of PETN, RDX and TNT

in organic solvents together with the relative standard deviation of the measure

ments, are given in Table I. The experimental results were calculated by the least

squares method. It can be seen that all the given results for the heats of solution

are endothermic.

TABLE I. Microcalorimetric measurements of the heats of solution (kj mol-1)

Solvent PETN RDX TNT

Propylene oxide

Nitromethane

2-Nitropropane

Isopropyl nitrate

22.17 -fc 0.20

29.30 ± 0.09

30.20 ± 0.10

31.47 ± 0.06

16.43 ± 0.08

17.67 ± 0.13

17.75 ± 0.09

18.78 ± 0.14

17.19 ± 0.08

16.72 ± 0.06

17.42 ± 0.08

19.50 ± 0.10

 

T(K)

Fig. 1. Temperature dependence of PETN solubility. O — isopro

pyl nitrate, g] — 2-nitropropane, • — nitromethane, A — propylene

oxide

Values of the heats of solution increase from propylene oxide through ni

tromethane and 2-nitropropane to the values for isopropyl nitrate. This order

is the same for all three compounds except for TNT whose heat of solution value

in nitromethane is lower than the corresponding one in propylene oxide.
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Fig. 2. Temperature dependence of RDX solubility. Designation

as in Fig. 1

 

T(K)

Fig. 3. Temperature dependence of TNT solubility. Designation

as in Fig. 1
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To our knowledge there are no literature data for the heats of solution of"

these substances, so that we were not able to compare and check the accuracy

of the results reported here. Therefore, the effect of the heats of solution of PETN,

RDX and TNT in the solvents used, were determined from the solubility data,

at different temperatures.

The solubility of PETN, RDX and TNT in isopropyl nitrate, 2-nitropro—

pane, nitromethane and propylene oxide was determined at 273, 283, 293 and

303 K. The results of these measurements are shown in Figs. 1, 2, and 3. In the

investigated region, 273—303 K, the solubility linearly increases with temperature.

Accordingly, the dissolution of these substances in the solvents used, is an en-

dothermic process, verified by the microcalorimetric measurements.

CONCLUSION

1. The values of the heats of solution of PETN, RDX and TNT in pro

pylene oxide, nitromethane, 2-nitropropane and isopropyl nitrate are presented.

All the heats of solution are endothermic.

2. The solubility of three compounds in the investigated solvents was de

termined at 273, 283, 293 and 303 K. The solubility increases with the increase

of temperature, and the effects of solubility are endothermic.

H3BOA

TOnJIOTE PACTBAPAIbA nEHTPHTA, XEKCOrEHA H TPHHHTPOTOJiyEHA y

PA3HHM PACTBAPAHMMA. MHKPOKAJIOPHMETPHJCKA O.HPE'BHBAIfeA

MHJIAH H. TPTAJi, 30PAH B. MAKCHMOBHH ■ AJIEKCAH.HAP Jt. PYBAPAU

Miuuiuutyui ja HyxAeapne nayxc „Bopuc Kudpui", u. up. 522, 11001 Eeozpad

HaMepeHe cy TOiuiOTe pacrBapatta nempHTa, xeKCoreHa h TpHHHTpoTOjiyeHa y npomuieH-

-OKCHfly, HHTpojweTaHy, 2-HHTponponany h H3onponHjiHiiTpaTy. Mepeita cy H3Be«eHa ca H3o-

Tep.MajiHHM aiHpepenmijajiHiiM KanopHMcrpoM Ha TeiwnepaTypH oa 298 K. Jlo6njeHn pe3yjmiTH

noK83yjy Aa cy cbc toiuiotc eHAOTepMHe, uito je y carjiacHocra ca etpeKTHMa Ao6njeHHM Mcpeftcm

pacTBopjbHBOCTH obhx jeAHB>eH>a y noMeHyrHM pacTBapamiMa Ha pa3HiiM TeMnepaTjTJaMa.

(ripHMJbeHo 31. Maja 1982; peBitoHpaHO 15. OKro6pa 1982)
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The kinetics of the electrophilic substitution reaction Cu2+ + CoL2- 2;

CuL2_ + Co2+ (L4~ = ethylenediamintetraacetato ion) was investigated at

27°C, pH 4—7, using the stopped flow spectrophotometric technique. The reac

tion rate is pH dependent indicating the presence of a dissociative path in addition to

the main associative reaction mechanism. At higher pH, the associative, pH inde

pendent path is dominant, with a second-order rate constant of 37 ± 1 dm3mol_1

s-1 (at 27°C, Ic = 0.2) and an activation energy of 52.5 kj mol-1.

In the present paper, we extend our study1 of electrophilic substitution

in EDTA complexes to the reaction

(L4_ = ethylenediamintetraacetato ion). Only one reference2 has been found in

the literature concernig the kinetics of that reaction (at 5° and 15rC). It refers

to the cation exchange between a Cu(II)-acetato complex and Co(II)-EDTA

complex, which offers the possibility to obtain indirectly kinetic data on the re

action described by eq. (1). The present investigation is a direct approach, starting

initially with CoL2- and Cu2+ in the absence of the reaction products, at higher

temperature (27°) than in the mentioned reference. Since electrophilic substi

tutions of that type usually proceed through an associative mechanism (i.e., for

mation of a dinuclear complex as intermediate), which is pH independent, and

a dissociative mechanism1, one might suppose two alternative reaction paths,

both pH dependent, in addition to that of eq. (1):

(Received 9 February 1983)

CoL2- + Cu2+ 4? CuL2~ + Co2+ (1>

CoL2- + H+ ..glL. CoHL (2>

CoHL~ + Or + *fc CuHL- + Co-'

CuHL- 5± CuL-2 + H+

or,

CoHL-3E±Co++ + HL3~

Cu++ + HL3- 5± CuHL- 5± CuL2- + H+
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Obviously, the occurrence of these alternative paths depends on the value of trie

protolytic constant KH. In the literature3 we have found that pkH = — 3.09

(20°C, Ic = 0.1). Thus, at pH about 6, the ratio of [CoHL,-] / [CoL2-] is about

10"3, and one might predict that at high pH, the associative path presented by

eq. (1), is dominant. If this conjecture is correct, a competition between differ

ent reaction paths should be expected well below pH 6.

The stopped-flow spectrophotometric method has been used since the reaction investi

gated has a half-life below one second. A fast-recording Varian Superscan 3 spectrophotometer

served for recording absorbance vs. time. It was supplied with quartz flow-cells of 1 cm path

and 0.25 cm' volume. The measuring flow-cell was connected to the stopped-flow set-up which

was operated manually. Very reproducible kinetic curves were obtained, but two shortcomings

hindered more elaborate and precise investigation: (1) The device was too bulky for thermo-

stated temperature control, therefore measurements were limited to ambient temperature, in

the present case 27 ± 0.2°. (2) Due to the manual operation the flow rates were too slow so that

a significant progress of the reaction occurred during the stopping time. The latter phenomenon

is rather common in practice4, and therefore the absorbance Ao (at time to = 0) has been ob

tained by the well-known technique of mixing each rectant (from the syringes) with water, re

cording their absorbances and taking the sum of their values as Ao. The value of to, however,

has been obtained by a linear regression analysis of the kinetic curve, as explained in the next

section.

One reactant was a solution of NajCoL, prepared by mixing equimolar amounts of di-

sodium salt of EDTA and CoCNOs)». The other reactant was a solution of Cu(NOa)2. The pH

of the twa reactant solutions was previously adjusted with drops of NaOH or HNOa solutions

as desired. After mixing the reactants, the pH was carefully measured. The volume ratio of mixing

by the syringe drives was always 1:1.

The absorbance vs. time curves were recorded at X = 700 run. At that wavelength, the

reaction product CuL-~ has a strong absorption band, Co++ and CoL*- have nearly negligible

absorbances, but the absorbance of Cu++ cannot be neglected.

If the initial total concentration of both reactions is c (i.e., [CoL2 ]tot =

= [Cu2+]toi — c at t ■= 0), eq.(l) has the following rate expression:

EXPERIMENTAL

RESULTS AND DISCUSSION

dxjdx k(c-xyI2 - k'x2. (3)

Here, x = [CuL2~] = [Co2^]. At equilibrium, x = xe, and

K = klk' =*e/(c-*e)2. (4)

The integral equation (taking into account that x - 0 at t = 0) is:

[xe/2c(c — Xe)J In {[(C— 2xe)x + CXe] / c(xe—*)} = kt (5)

It can be easily shown that

(*/*•) = {At - Ao) I (A* - Ao). (6)
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Here, At, Ao and Ax are the measured absorbances at time t, zero time

finite time, respectively. Combining now eqs. (4)—(6) one obtains:

—L =J(i _ —2 \ A<~A° +.A^M = fa. (7)

2c\/K-i l\ I + Vk-1) Ax- At Ax- At]

The equilibrium constant K is, in fact, the ratio of the stability constants of CuL2~

and CoL2":

(8)

The following values are reported for those constants3: for log ATcul 18.8 (20°)

and 17.7 (30°); for log KCol 16.31 (20°) and 15.4 (30°). Since we need the values

at 27 °, we obtained them by interpolation from an Arrhenius plot : Kcul = 1 .07 x

1018 and Kcol= 4.68 x 1015. Thus, knowing K and c, and measuring At,

Ax, Ao, t, the rate constant k can be calculated with eq. (7).

Fig. 1. Recorded A, vs. t curve

(full line); t, is the stopping time.

The broken line extension refers

to the ideal case when no progress

of the reaction occurs during the

stopping time. (27°C, c = 0.025,

Ic = 0.2, pH 5.74.X = 700 nm)

 

10 t / seconds

Fig. I reproduces a typical kinetic curve At vs. t. The value of t0 is unknown,

since the time coordinate starts at the moment when the stopped-flow device

is triggered. The correct kinetic time scale should be t — t0. From the portion
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of the curve which is recorded after the stopping time, At — t values are read

at equidistant time intervals, fed as input data into a computer which calculates

the left-hand side of eq. 7, denoted Yt, then makes a linear regression analysis

and gives the following output data: t0, and the correlation coefficient. \ plot

of Yt vs. t is shown in Fig. 2. That plot refers to the points marked on the kinetic

curve in fig. I. This method of interpreting the data gives reliable values of to.

and k, and also checks the consistency of the recorded curve with respect to eq.(7).

 

10 t /seconds

Fig. 2. Plot of V, (left-hand side of eq. 7) vs. time. Small circles correspond t»

the points on the curve in Fig. 1. The abscissa intercept gives to, the slope k. Cor

relation coefficient for linear regression : 0.99.

TABLE I. The rate constant A (eq. (1), 27°C, Ic = 0.2)

r/mol dm~3

'a,

PH A/dm'mol-1 s_1

0.025

0.025

0.025

0.025

0.025

0.015(d)

4.64

4.86

5.11

5.74

6.69

6.55

34.1

33.6

34.8

36.7

36.6

38.1

(a) Initial concentration of each reactant. (b) Measured after mixing, (c) Standard deviation

± 5%. (d) /c = 0.1.

The results obtained are summarized in Table I. It can be seen that the

values of the rate constant at pH 5.74 and 6.69 are in good agreement. At lower

pH, the rate constant has a tendency of decreasing, which might indicate to the

contribution of a pH-dependent dissociative reaction path. The last line in Table
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I is a check which refers to a lower initial concentration of reactants (c = 0.015

mol dm-3). The rate constant obtained, k = 38. 1 dm3 mol_1s_1, is in a reasonable

agreement with the values at pH 6.69 and 5.74.

Based on the data obtained at pH above 5.7 (Table I), the following values

have been adopted for the rate constants of the reaction of eq.(l): k = 37 ± 1

dm3 mol^s-1, = kjK = 0.16 ± 0.01 dm3 mol-^-i (at 27°, Ie = 0.2).

 

1000

Fig. 3. Arrhenius plot for rate

constant k of eq. (1). • this work;

O from ref. 2.

The above value of k can be combined with the values calculated by Tanaka

et al. in the earlier mentioned paper2 [7.0 (5°) and 15.3 (15°), Ic = 0.2], in order

to obtain an Arrhenius plot. Fig. 3 clearly shows the consistency of the three rate

constant values. From the plot one obtains an activation energy of 52.5 kj mol-1,

which is a reasonable value for that type of electrophilic cation substitution.

Thanks are due to the Research Fund of SR Serbia for financial support.
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H 3 B O A

KHHETHKA CynCTHTYUHJE Cu<" Y KOMIlJIEKCy Co(II)-EDTA

•BOFBE J. EOBAH » HBAH J. TAJ1

Xeuujctcu linciuuiuyui, npupodno-naiueuaiuuHKu cfraxyiiueui . Ynu»ep3uuieui v Eeo^dy, ii. up.

550, 1 1001 Beotpad

KioieTHKa ejieKTpo<t>HjiHe cyncTHTyuHje Cu2+ + CoL*~ 71 CuL,_ + Co4+ (L,«- =

= eTHJieHAHaMHHTeTpaaueTaTO jew) HcnHTaHa je Ha 27°, pH 4—7, cnehTptxpoTOMCTpHjcKii no-

Mohy TexHHKe 3aycTaBHor TOKa. Ep3HHa peaxiuije 3aBHCH on pH urro yKa3yje Ha npiicycTBo

AHCOUHjaTHBHor MexaHH3Ma nopeA ocHCBHor acoimjaTHBHor. IIpii bhiiihm BpeflHOCTiiMa pH,

aCOUHjaTHBHH MCXaHH3a.M KOJH HC 388HCH Ofl pH )C flOMBHaHTaH, Ca KOBCT8HTOM 6p31!He peaKLUije

ofl 37 ± 1 dm^mol-'s-1 (27°, /c = 0,2) h aKTHBainioHOM eHeprnjoM or 52,5kJmol"1.
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Investigation of the reaction between Cr(III) and trimethylenediamine-

-N,N-diacetic acid (H2tmdda) in aqueous solutions has shown formation of com

plexes Cr(III):H2tmdda=l:l and 1:2.

According to the literature1 3, trimethylenediamine-N,N'-diacetic acid

(H2tmdda) forms with Co(III) complex compounds which have been isolated

and characterized. No data have been found on investigation of metal complexes

in aqueous solutions.

EXPERIMENTAL

The following equipment and reagents have been used for spectrophotometric investi

gations presented in this paper: a) A spectrophotometer Superscan 3, Varian (with 1 cm tubes),

and a pH-meter Ma5705, Iskra. b) Chemicals, p.a. grades, were used for preparation of all so

lutions: Cr(NOs)s, NaOH and HNOs (Meek). The H»tmdda ligand was obtained by the pro

cedure described earlier2.

Investigated solutions were heated to 90 °C for approximately 2h which is an optimum

time for equilibration of the system, and cooled to room temperature before measurement. The

pH values of the solutions were adjusted by adding NaOH or HNO3.

RESULTS

Absorption spectra were determined for the solutions with Cr(III) con

centration of 1.25 X 10_2mol/dm3 and H2tmdda concentrations of 1.25 x 10~2

and 3.75 x 10-2mol/dm3. The pH values were varied in the range of 1.72—2.81.

It was found from the obtained spectra that by changing pH values from 1.87

to 2.50 the Cr(III) band with the maximum at 574 nm shifts to 512 nm and the

band with the maximum at 410 to 388 nm. The absorbance dependence on the

245



246 VESELINOVIC rt at.

pH of the solution (Fig. 1) shows formation of at least two complex compounds

in the investigated system (1.25 x 10-2 mol/dm3 H2tmdda — 1.25 x 1CM mol/dm3

Cr(III)).

 

IJ 1.9 21 2.3 25 pH 0.1 0 3 05 07 03 n H^mdda

Fig. 1. Absorbance change as a function of the pH. Fig. 2. The Job curves.

The composition of the complexes was determined according to the Job

method4 by mixing 1.25 x lO"2 mol/dm3 Cr(III) and 1.25 x lO"2 mol/dm3

H.2tmdda solutions. Fig. 2 shows the Job curves for the pH ranges of 2.17—2.26

and 2.37—2.71. It is evident from these curves that two complex compounds

are formed with Cr(III) and Ifetmdda ratios of 1:1, in more acid medium, and

1 :2, in the medium with lower acidity.

The composition of the complex was checked by the molar ratio method5

using Cr(III) concentration of 1.25 x 10_a mol/dm3 and Hbtmdda concentrations

between 4 x 10-3 and 6 X 10-2 mol/dm3. pH values of the investigated solutions

varied from 1.49 to 2.41. On the obtained curve (Fig. 3) an inflexion is seen which

corresponds to the Cr(III) : H.2tmdda ratio of 1:1. The ratio of 1:2 = Cr(III):

H2tmdda is obtained by extrapolation (Fig. 3).

 

Fig. 3. The molar ratio method.
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During these investigations a complex was formed in a solution with the

Cr(III) :Hztmdda concentration ratio of 1:1, to which two NaOH equivalents

were then added in relation with the used quantity of H2tmdda. The obtained

solution of the complex was first passed through the ion exchanger column (Dowex

50W X8, 200—400 mesh) and, after absorption, eluted with a 0.1 mol/dm3 NaCl

solution. Because of its relatively easy elution with this solution it was supposed

that the complex had a +1 charge. The spectrum of the obtained eluate shows

absorption maxima at 512 and 393 nm.

DISCUSSION

From the data on the complex charge, which is +1, it may be assumed

that either the complex [Cr(tmdda)]+ or [Cr(Htmdda)2]+ was eluted from the

column. However it was not possible to determine exactly the positions of the

band maxima for the 1:1 and 1:2 complexes from the shifts of the Cr(III) ab

sorption maxima. Also, the dissociation constants of H2tmdda being unknown

it was not possible to assume the pH range in which any one of the two possible

complexes would predominate in order to be able to determine exactly the cor

responding positions of the absorption maxima. However, it can be seen that the

maximum of the Job curve showing the ligand-to-metal ratio of 2 : 1 is sharp op

posite to the maximum of the curve giving the 1 : 1 component ratio in a complex.

Similarly, the curve for the molar ratio method has a considerably smaller slope

beyond the ratio Cr(III) : H2tmdda =1:1. On this basis it can be concluded

that the 1 : 2 complex is more stable which also means that the obtained band

positions (512 and 388 nm) correspond to this complex. Absorption spectra of

the eluate show maxima at 512 and 393 nm which would imply that the complex

Cr(III) : H2tmdda =1:1 should be eluted from the column. The positions

of the band maxima of this complex can be precisely determined only after its

synthesis and isolation as a solid. Dissociation constants of the ligand being un

known, it was not possible to calculate stability constants of the obtained complexes.
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H3IOJI

HCIIHTHBAIfeE KOMnJIEKCA Cr(III) H TPHMETHJIEH^HAMHH-N^l'-.UHCHP-

HETHE KHCEJIHHE

flPArAH C. BECEJ1HHOBWH

Hiiciuuuiyut 3a famiuxy xettujy, IIpupodiio-MauiestauiwiKU (paKy.tiueiu , y>iu«ep3uuieui y Eeocpady,

it. up. 550, 11001 Eewpad

CJlOBOflAH A. rPyjHTi, CPE-KKO P. TPH^yHOBHTi h flyillAH J. PAflAHOBHH

HitcCuuiuyul 3a xeMujy, Ilpupodiw-siauicuauiimKu (paxyAiueiu, ymteep3uiueut y Kpaiyjeeuy , 34O0O

Kpazyjetau,

CneKTpocJwTOMeTpHjcKHM HcnKTHBaH>HMa peaKuuje Cr(III) h TpHMeTiuieH,anaMHH-N, N'-

-aHCHpheTHe KHceJiHHe (H2tmdda) HaljeHO je Aa y boachhm pacTBopHMa aojuush flo (bopMHpaH>a

KOMnjieKca ca oohocom Cr(III):H2tmdda = 1:1 h 1:2.

(IIpiiMJbeao 25. HOBe*i6pa 1982)
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УТИЦА1 ТЕМПЕРАТУРНО ЗАВИСНИХ \ХаЬ5СЖ-ОВИХ ПАРАМЕТАРА

НА КОРЕЛИСАЬЬЕ ДОПУНСКЕ ЕНТАЛШЦЕ СИСТЕМА АЦЕТОН-

-ЦИКЛОХЕКСАН

ВЛАДИМИР }. ВАЛЕНТ, АЛЕКСАНДАР Ж. ТАСИЪ, БОТАН Д. ЪОРЪЕВИЪ и ДУШАН

К. ГРОЗДАНИТг

Технолошко-мешалурпики факулшеш Универзишеша у Београду, й. йр. 494,

11001 Београд

(Примл>ено 12. )ануара 1983)

Корелиса1ье моларнс допунске енталпи)е, йЕ, на основу рапнотежних

података пара-течност )е извршено ^Пзоп-овом )едначином ко)а садржи тем-

пературно зависне параметре за систем ацетон ( 1 )-циклохексан (2) у опсегу

температура 298—318 К и 298—328 К. УтврЬено )'е веома добро слагаше из

мену експеригенталних Нк на 298 К, узетих из литературе, и нзрачунатих

вредности за исту температуру ако се поступак описан овим радом примени

за опсег температуре 298—318 К. Закл>учу)е се да степей слагала Нк зависн

од квалитета апроксн.маци)'е ко)ом се одре^у^у енергетски ^СЧЬоп-овн пара-

метри у зависности од температуре.

Савремена истраживавьа у термодиналшци равнотеже фаза усмерена

СУ и ка разводу нових конзистентних моде.ча за корелисаше термодинамичких

величина раствора. Ови модели омогуЬу)у одговара)уЬа интерполисаньа и

екстраполисаша ко)а има)у знача)а како са фундаменталног, тако и са прак

тичной становишта.

тедан од модела ко)и има теорийку подлогу )е развитей од стране №П-

зоп-а1. Ова) модел )е успешно примен>ен за корелисавьс равнотежних по

датака пара-течност великог бро)а система неидеалног нонашаша. 1Ьегова

погодност се огледа и у томе да укл>учу)е само два нромснл»ива параметра

за бинарне системе. Посебно треба истаЬи приментьивост ЭДПзоп-овс )едначине

:*а корелисан>е термодинамичких величина вишекомпонентних система. У

тим случа]евима се при корелисан>у користе параметри свих бинарних ком-

бинаци)а одговара)уЬег вишекошюнентног система.

Цшь овог рада )е испитивавъе могуКности примене №Пзоп-ове (едначннс.

О температурно зависним параметрима, ради корелисан>а моларне допунске

енталпи)е система ацетон(1)-циклохексан(2) у функцией састава, за ннтерва.,|

температуре 298,15—328,15 К. Одре1)иван>е термодинамичких и транспортних

"собина поменутог система )е предмет дужег рада у нашо) лаборатории2-4 •
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WILSON-OBA JEimAMHHA

OnuiTH o6jThk 3a 6e3A«MeH3H0Hy flonyHCKy Gibbs-oBy (pyHKUHjy, #aT

npeKO Wilson-OBe jeAHamiHe 3a ohhupiiii chctovi macH5:

gEIRT = —x1ln(xi+Ai2x2)— X2(liuc2+A2ixi) (I)

rAe cy Gmiapim napaMCTpH Hj ;(j<|jhuiicihji H3pa30M:

AW =4 «p f- , ,-,;= 1,2; ,V>. (2)

t>< \ RT I

EHepreTCKH nap&weTpn (X</— X<<) ce y yci<0M TeMnepaTypHOM HHrepBajiy

Mory CAiaxpaTH KOHCTairraMa. MeljyTHM, y umpeM Te.MnepaTypHOM oncery eHcp-

reTCKH nap&weTpn 3aBHce oa TeMnepaType h Mory ce anpoKCHMHpaTH no.iHHOMOM

CJiefleher o6:iHj<a:

(3W-X4<) = 2«i*(7--273,15)* ij-l.2; *W- (3)

*-o

EHepreTCKH napaMeTpH (Xj/— X«) ce oApebyjy H3 eKcnepHMeHTa.iHHx H30-

TepMCKHx paBHOTe>KHHX noAaTaKa napa-TeMHOCT. 3a h>hxobo OApeI)HBaH>e je

KopnuiheHa HKinija im. i,a:

P _ y rf (n-6poj eKcnepHMeHraJiHHX ^

& ' cnynoBa noAaTaKa)
i I

r«e ).-:

„_[(£) -{£.) 1 (5)

y H3pa3y (5) je (gE/i^T)r»e AaTo npeiwa jeAHa^HHajvia (1) h (2); (gBIRT)

ce oApeljyje npeMa jeAHawiHH:

(rt)eksp i-i

lnYT0) • (6)

KoecpHUHjeHTH aKTHBHOcTH y^FO) ce H3paiyHaBajy no nocrynKy H3HeTOM y paAy

3. IIpH MHHHMH3airHjH 4>yHKirHje UHJta F (jeAH. 5) je KopnuiheHa Powell-OBa

MeTOAa8.

BpeAHOCTH eHepreTCKHx napaMeTapa (Xjj— Xjj) HcraiTHBaHor CHcreMa cy

OApeljeHe y HHrepBajiy TeMnepaType 298,15—328,15 K nona3ehH oa jTHTepaTypHHx

paBHOTe>KHHX noAaTaKa napa-TeuHOCT3,7. ,D,o6HjeHe bpcahocth napaMeTapa 3a

CBany oa H30TepMH cy npHKa3aHe y Ta6jiHUH I.
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TAEJIHUA I TABLE

BpcPiBOcru eHeprcicKiix napaiueTapa Wilson-oBe jeAHamme, Ao6nBeHH H3 eKcnepuMem-ajiHHx

paBHOTe>KHHX noflaTaKa 3a cmctcm aueTOH(l)-muaioxeKcaH(2).

Values of the coefficients of equation (3) in the temperature ranges 298.15—

—318.15 K and 298.15—328 15 K for the system acetone(l)-cyclohexane(2).

T

K

Bpoj eKcn. (Alt-All) (Xii—XM)

J/mol

JIht.

Ref.J/mol

298,15 23 4751,65 1833,04 3

0* = 0,3007 °* = 0,0034

308,15 9 4641,24 1685,38 7,9

0* = 2,9970 0* = 0,0176

318,15 9 4500,89 1544,02 7,9

"J = 4,5534
a* = 0,0139

328,15 9 4532,49 1224,39 7,9

*

ap = 4,1361 a* = 0,0133

m 10,5
«-6poj noABiata,

m-6poj napaMeTapa
2 (Pek.p, i - Pnt. i)l(n -

<- 1

2 CV<*»P. i ~ y™t. i)/0» -

KBa-urreT KopejiHcaiba. paBHOTe>KHnx noflaTaKa WiIsoii-obom jeflHamiHOM

oqeifeeH je craHjiap/rHOM aeBHjaiiHjoM anpoKCHMaunje 3a paBHOTOKHH npHTHcaK

h paBHOTe>KHH cacraB napHe (J>a3e. BpeflHocrH obhx BejiH*mHa yKa3yjy Ha sa-

AOBOJbaBajyhH KBajnrreT KopejiHcaita.

ripoMena enepreTCKHx napaiweTapa (X</— X«) ca TeMnepaTypoM je iipHKa-

3aiia Ha cjihith 1. Mowe ce 3ana3HTH H3pa3HTa npaBOJiHHHjcna 3aBHCHOcr (/=1

y jcAHaMHHH 3) 3a 06a napaiweTpa y HHTepBajiy 298,15—3 1 8, 1 5 K, aok ce i*eo

HcriHTHBaHH oncer (298,15—328,15 K) MO>Ke o6yxBaTHTH KBaapaTHOM jeflnanHHOM

(1—2 y jeaHamiHH 3). BpeflHocrH KoecpHijHjeHaTa (a<jt) y je^Ha^HHH (3), 3a OBa

Asa cryMaja, aaTe cy y Ta6jmuH II.

^OnYHCKA EHTAJinHJA

MojiapHa AonyncKa emummja pacrBopa je aedprnnicaHa npeno MOJiapue

flonyncKe Gibbs-OBe dpyHKUiije no/wohy pHroposne Tep.Mo^HaMHwe pciauHje:
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Cjihkb 1 Figure

3aBHCHocT eHepreTCKHX napaweTapa Wilson-OBe jeflHa^mHe oa TeMnepaType 3a cKcreM

aueTOH(l)-UHK^oxeKcaH(2); • — BpeflHOCT H3pa<iyHaTa Ha ocHOBy eKcnepiiMeHTajnrox

noflaraio 113 paaa3; O — BpeaHocra H3pa*rvHaTe Ha ocHOBy eKcnepHMeHTajimix noAaTaxa

113 pafla7.

Temperature dependence of the Wilson energy parameters for the system acetone(I)

-cyclohexane(2) ; • ■— values calculated on the basis of the experimental data of ref. 3;

O — values calculated on the basis of the experimental data of ref. 7.

TAEJIHUA II TABLE

BpeflHOCTH KoetbuunjeHaTa jeaHawHe (3) 3a oncere TeMnepaType: 298,15—318,15 K h 298,15—

328,15 K CHCTeiwa aueTOH(l)-irnKJioxeKcaH(2).

Values of Wilson energy parameters obtained from the experimental vapour-liquid equilibrium

data for the system acetone(l)-cyck>hexane(2).

TcMnep.

BHTepBaji 298,15—318,15 298,15—328,15

K

(X12—Xn) (X21—X22) (Xi2—Xn) (X21—X»»)

A J/mol J/mol J/mol J/mol

a tt 38 /=1 cut 3a 1=2

0 5070,090 2193,263 5449,644 1724,420

1 -12,53805 - 14,45095 -36,39550 14,72473

1 2 — — 0,3552125 -0,4299725
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3aMeHOM jeflHa^HHa (1), (2) h (3) y jeflHa*iHHy (7), aoSnja ce:

ft»= Xl*2 A'2 (aio - 273, 1 5an- a12 T2+ 273, 1 5* ait) +

+ XlXzAzi (a2o-273,15a2i-fl22 T2+273,152 a22). (8)

*2+A2lXl

JeflHaMHHa (8) je KopHiuheHa 3a H3payyHaBaH>e /jonyHCKe em-ajinHje 3a CHcreM

aueTOH(l)-mo<jioxeKcaH(2) y HirrepBajiHMa TeiwnepaTypa 298,15—318,15 K h

298,15—328,15 K. IlpH Toiwe cy 3a y>KH HHTepBaji, HMajyhH y Bupy aa 3a H>era

BajKH npaBojiHHHjcKa 3aBHCHocr jeAHa*iHHe (3) (/=1), BpeflHocrH KoecpHUHjeHaTa

<ii* h a22 (3a k=2, Ta6jiHqa II) je,HHaKe nyjiH. HspanyHaTe BpeflHocrH 3a flo-

nyHCKy eHTajmHjy y (pyHKHHjn cacraBa aneTOHa (xi), 3a o6a oncera TeiwnepaType

npHKa3aHe cy Ha cjiHKaMa 2—5 3a nojeflHHe TeMnepaType pacrBopa.

Ha cjnmH 2 cy nopefl AorryHCKHx eHTajmHja, H3paHyHaTHx no onncaHoj

MeTOflH, ^aTe h eKcnepHAieHrajrae Bpe^HocrH H3 flnpeKTHHx KaJiopHMeTpnjcKHx

Mepe&a Ha 298,15 K8. H3 cxniKe ce bhah Bpjio flo6po Mer)yco6Ho cnarai&e eKc-

nepHMeHTajiHHx BpeflHocra (KpHBa 1) ca H3pa*r/HaTHM noflanHMa floSnjeHHM no-

Mohy jeflHa^HHe (8) y3 KopHiuheae Koe(J)HUHjeHaTa a«* (Ta6jiHn,a II 3a /= 1) Kojn

cy o^pe^eHH jiHHeapHOM anpoKCHMannjoM (KpHBa 2). Ilopetjeibe obhx noflaTai<a

je npHKa3aHO y TaSjiHioi III.

Ha cjihuh 2 je ^aTa h KpHBa 3 Koja je aoGnjeHa KopHiirheifeeM napaAieTapa

aut H3 Ta6jume II 3a KBaflparay anpoKCHMaunjy eHepreTCKHx napaAieTapa (1=2).

HMajyhH y BH^y #a ce 3a y>KH TeMnepaTypHH HHTepBaji (298,15—318,15 K)

yo«jaBa croraaH TpeH# jiHHeapHe h KBaapaTHe 33bhchocth eHepreTCKHx napa-

MeTapa (criHKa 1), Mer}yco6Ha oflcrynaH>a flonyHCKHx eHTajmnja (AE) kphbhx

2 h 3 Ha cjniKaiwa 2, 3 h 4 Hncy 3HaTHa. MelJyTHM, yKiby^HBaifee h TeMnepaType

328,15 K y pa3MaTpaae 3axreBa npHMeHy KBajTpaTHe 3aBHCH0CTH napa»ieTapa

3a neo oncer TeMnepaType. H3 thx pa3Jiora eKcrpanojianHja npaBOJiHimjcKe

3aBHCHOCTH (Xjy— Xj<) Ha 328,15 K jjaje 3HaTHo oflcrynaibe AE (KpHBa 2) op, hE

(KpHBe 3) KaKO je to npHKa3aHO Ha cjihuh 5.

PaflH noperjeita, Ha cjiHKaMa 3, 4 h 5 yHeTe cy h KpHBe 1 Kojmwa je npefl-

craBJbeHa jjonyHCKa eHTajmnja Ha ocHOBy Moaejia Redlich-Kister-a* 3a HHTepBaji

TeMnepaType 308,15—328, 1 5 K9. Tpe6a yo*mTH cjihmhoct y nomeay 3HaKa po-

nyHCKe eHTajmnje (AE>0), h chiwctph^hocth kphbhx y oflHocy Ha eKBHMOJiapaH

cacraB 3a Wilson-OB h Redlich-Kister-OB MOfleji.

Pe3yjiTaTH ^oSnjeHH y obom pajjy noKa3yjy pa KopenHcaifce aonyHCKe eH-

Tammje y MHorojwe 3aBHCH ofl KBajmreTa anpoKCHMHpaita eHepreTCKHx napa-

Merapa y (pyHKnnjH TeiwnepaType Tj. op creneHa nojiHHOMa. Ha KBanHTeT OBe

anpoKCHAianHje ynray Kano oSjihk aHajiHTHMKe cpyHKinije h BpeflHOCTH eHepreT

CKHx napaAieTapa 3a nojeAHHe TeMnepaType, Tano h oncer TeMnepaType y KOMe

ce anpoKCHMannja H3Bo^h.

* Redlich-Kister-oB MO/ieji 3a hK:

*« =-Kr?(xi-*tXai+2a2(r-273J15)+[Ai + 262(r- 273,15)] (2*i-l)+

+ [ci+ci(r- 273,15)] (2x,-l)*}.

napaMerpH Redlich-Kister-OBor MOfltna

A = ao+ai(7"-273,15)+a»(7'- 273,15)*

B = 60+fti(r-273,15)+d>i(r-273,15)*

C =e,+ci(r-273,15)+ci(r-273,15)*

-
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Cjihks 2 Figure

Mojiapna flonyHCKa eHTajirmja, hK, cu-

CTCMa aneTOH(l)-UHKJioxeKcaH(2) Ha

298,15 K; KpHBa 1 — eKcnepuMeirrajiKa

BpcflHocr h¥- (jiHTepaTypa8) ; KpHBa 2 —

BpCAHOCTH hK Ao6h)CHC H3 JIRHeapHC

TeMnepaTypiie 3*bhchoctk 3a cHeprercKC

napaMCTpe y oncery 298,15—318,15 K;

KpHBa 3 BpeflHOCTH hK flo6H)CHC H3

KBaApaTHe TeMnepaTypHe 3aBHCH0crK 3a

CHeprercKC napaiweTpe y oneery 298,15—

—328,15 K.

Molar excess enthalpy, h B, for the system

acetone(l)-cyclohexane(2) at 298.15 K;

curve 1 — experimental values of hKt;

curve 2— AB values, obtained from the

linear temperature dependence of the

Wilson energy parameters in the range

298.15—318.15 K; curve 3 — AB values,

obtained from the quadratic temperature

dependence of the Wilson energy para

meter in the range 298.15—328.15 K.

CnHKa 3 Figure

Mojiapna aonyHCKa euTajimija, hE, ch-

CTCMa aitCTOH( 1 )-UHKJIOXCKCaH(2) na

308,15 K; KpHBa 1 — bpczthocth hR no-

6H)CHe H3 Redlich — Kister-OBe ieflBvane;

2 — BpeflHocTH hB Ao6«jeHe H3

TeMnepaTypHe 3aBHCHOCTH 3a

eHeprrrcKe napaMerpe y oncery 298,15—

318,15 K; KpHBa 3—bpchhocth fcE ao6H-

jeHO H3 KBaapaTHe TeMnepaTypHe 3aBH-

chocth 3a CHepreTCKC napaMerpe y oncery

298,15—328,15 K.

Molar excess enthalpy, hK, for the sys

tem acetone(l)-cyclohexane(2) at 308.15

K; curve 1J- A E values, obtained by the

Redlich-Kister equation of ref9; curve

2 — AB values, obtained from the linear

temperature dependence of the Wlson

energy parameters in the range 298. 1 5 <—

318.15 K; curve 3 — hE values, obtai

ned from the quadratic temperature de

pendence of the Wilson energy parame

ters in the range 298.15—328.15 K.

TABJ1HUA III TABLE

TIopeheH>e eKcnepHMeirranmix noflaTaxa 3a AB ca H3paqyHaTiiMa 113 jeanawuHe (8)* 3a

aueTOH(l)-UHKJioxeKcaH(2) Ha 298,15 K

Comparison of the experimental AB values with those calculated by equation 8* for the system

acetone(l)-cycloxehane(2) at 298.15 K.

*1

>lEek«p

J/mol J/mol

/lEek»p ~hEnC.

J/mol

0,143

0,229

0,326

0,428

0,520

0,641

0,750

0,892

947

1259

1467

1564

1571

1445

1192

640

958,557

1235,907

1417,488

1501,713

1501,817

1396,347

1184,283

675,359

-11,557

23,093

49,512

62,287

69,183

48,653

7,717

-35,359

*SPO

100^, hf

H

j?2 "7">*~*^t- 3,036%
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CuiKa 4 Figure
MojiapHa AonyHCKa eirrajinnja hK ciicreMa

aucTOH(l)-mn<JioxeKcaH(2) Ha 318,15 K;

KpiiBa I — BpeflHocTH hK flo6njeHe no-

isohy Redlich-Kister-OBe jeaHaTOHe8;

KpHBa 2 — bpchhocth hE AOOHjcHe H3

nHHeapHC TCMnepaTypHe 3aBHciiocni 3a

cHeprercKe napaMerpe y oncery 298,15—
—318, 15 K; KpHBa 3 — bpchhocth hE

; H3 KBa^paTHC TeMneparypHe 3a-

3a CHepreTCKe napaMerpe v

oncery 298,15—328,15 K.

CjiRKa 5 Figure

Mo.iapua ^onyHCKa CHTajmnja, hK, ch-

CTeiwa aueTOH(l)-miKjioxeKcaH(2) Ha

328,15 K; KpHBa 1 — BpeflHocru hE no-

6HjeHe noMohy Redlich-Kister-OBe jea-

Ha<iHHe'; KpiiBa 2 — bpcohocth hE jio-

Gh jcHe H3 jnmeapue TeMneparypHe 3aBiic-

HOCTH 3a eHepreTCKe napaMerpe y oncery

298,15—318,15 K; KpHBa 3 — BpeflHOCTii
hK Ao6njenc H3 KBaapaTHe TeMneparypHe

.laBHCHocTii 3a eHepreTCKe napaMCTpe y

oncery 298,15—328,15 K.

Molar excess enthalpy AE for the system

acetone(l)-cyclohexane(2) at 318.15 K;
curve 1 — hR values, obtained by the

Redlich-Kister equation of ref. 9; curve

2 — AK values, obtained from the linear

temperature dependence of the Wilson

energy parameters in the range 298.15 —

318.15 K; curve 3 — h B values , obtained

from the quadratic temperature depende

nce of the Wilson energy parameters in

the range 298.15—328.15 K.

Molar excess enthalpy, h E, for the system

acetone(l)-cyclohexane(2) at 328.15 K;

curve 1 — hK values, obtained by the

Redlich-Kister equation of ref. 9; curve

2 — AE values, obtained from the linear

temperature dependence of the Wilson

energy parameters in the range 298.15—

—318.15.K; curve 3 — hK values, obta

ined from the quadratic temperature de

pendence of the Wilson energy parameters

in the range 298.15—328.15 K.

03HAKE — NOTATION

AJ},C — napaMerpn TponapaMerapcKe je;maHHHe Redlich-Kister-a

Out — KoedJHimjeHTH y je.iHamiHa.via (3) h (8)

F — dwHKimja uniba ,ie<pimncaHa jeAHamiHoM (4)

g* — MOJiapua aonyncKa Gibbs-ona (pyHKUiija, J/mol

h* — MOJiapua aonyHCKa cHrajnnija, J/mol

R — yHHBep3ajTHa racHa KOHcraHTa, J/mol K

SPO — cpeaifee npoueHryajTHO oacrynaifce, 0/°
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T — Te.nnepaTypa , K

Xi — MOJiapHH yaeo KOMnoHCHTC i y TeMHoj <pa3H

iff* — MOjupHa aanpe.MHHa KOMnoHCHTC i y TeiHoj <pa.m. kmol/m3

KO«pHllHjeHT aKTHBHOCTH KOMnOHCHTe I V TCMHOj <ba:m Ha Po-*0

Ati — napaMtTap Wilson-oBe jeai<a<in>ic (I)

— CHepreTCKii napaMrrap Wilson-oBe jcwawHe, J/mol

o — craHjapAHa .icmiiaunja anpoKCHMamijc

*

H3paay paaa (pimaHciipajm cy Peny6jmm<a aaje.imma HayKe CP CpSuje 11 TexHOJiouiKo-

-MeTajiypuiKH (paKy.iTeT y Eeorpaay Ha Me.viy ce ayropH saxuajbyjy.

SUMMARY

INFLUENCE OF TEMPERATURE DEPENDENT WILSON PARAMETERS ON THE

CORRELATION OF EXCESS ENTHALPY FOR THE ACETONE-CYCLOHEXANE

SYSTEM

VLADIMIR J. VALENT, ALEKSANDAR 2. TASlC, BOJAN D. DORDEVIC «nd

DUSAN K. GROZDANIC

Faculty of Technology and Metallurgy, University of Belgrade, P. O. Box 494, YU-1 100! Belgrade,

Yugoslavia

/
Correlation of the molar excess enthalpy h K based on vapour- liquid equilibrium data,

by the Wilson equation containing temperature dependent energy parameters, was investigated

for the system acetone(l)-cyclohexane(2) in the temperature ranges 298 to 318 K and 298 to

328 K. Very good agreement of the experimental hK data at 298.15 K found in the literature,

and the calculated values was obtained if the data reduction procedure was applied in the tem

perature range 298 to 318 K. It was concluded that the degree of agreement depends on the quality

of the fit of temperature dependent parameters of the Wilson equation.

(Received 12 January 1983)
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ГЛАСНИК ХЕМИЈСКОГ ДРУШТВА БЕОГРАД

В1ЛХЕТШ БЕ ЬА ЗОС1ЁТЁ сншкзтје ВЕОСкАБ48 (5) 257—264 (1983)
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ОНрпа1 заепп/к рарег

СТРУКТУРА ЗАВАРЕНОГ СПОЈА ЛЕГУРЕ А1-52п-1М8

ПАВЛЕ ФОДОР, АЛЕКСАНДАР МИХАЈЛОВИЋ* и ДРАГИЊА МИХАЈЛОВИЋ

Технолошко-.мета.туршки факултет Универзитета у Београду, п. пр. 494, 11001 Београд

и *Институт за материјале Института за нуклеарне науке „Борис Кидрич". п. йр. 522,

11001 Београд

(Примљено 2. новембра 1982, ревидирамо 14. априла 1983)

За време заваривања легура А1-2п-М8, у зони под утицајем температуре

(ЗУТ) одигравају се реакције у чврстом стању: интензиванраст талога,поновно

растварање талога, трансформација талога у стабилну ета-фазу и директно

настајање стабилне ета-фазе. Полазно стање легурс, за дату технологију за

варивание, утиче на интензитет појединих реакција, тј. на структуру у ЗУТ-у, а

тиме и на механичке особине завареног споја. У овом раду испитивана је про

мена структуре у ЗУТ-у легуре А1-52п-1Мй на растојању 15 и 50тт од осе

завара. Једна серија узорака за електронску микроскопију је израђена од еп-

рувета које су заварене без претходног предгревања, а друга од епрувета са

предгревањем на око 100°. Испитивања су показала да је пад тврдоће код еп

рувета без предгревања узрокован интензивним настајањем равнотежне ета-

-фазе. Узорци заварени са предгревањем не показују пад тврдоЬе на растојању

15 до 50тт од осе завара због тога што предгревање има ефектетзв. вештачког

старења. За испитивање су коришћене методе оптичке и трансмисионе елек-

тронске микроскопије и мерење тврдоће.

Легура А1-5%2п-1%М§ припада групи средње чврстих легура си

стема А12пМ^ и поред основних легирајућих елемената, цинка и магнези-

јума, садржи и мале количине додатних елемената и то: 0,2—0,4%Мп, 0—

0,3%Сг,0,10—0,20%2г, до 0,10%Си као и нечистоће до 0,50%Ре и до 0,50%

8>. Због добре комбинације чврстоће, заварљивости и корозионе отпор-

ности1, легуре се и у нашој земљи2 успешно примењује за израду заварених

конструкција. Полазно стање материјала може бити природно или вештачки

старено. У оба случаја пораст чврстоће ове легуре, као и код свих легура

система А12пМ§, постиже се захваљујући ефектима таложења. Обзиром на

хемијски састав, процес таложења у испитиваној легури је: ОР зоне -> ета

прим ->■ ета фаза. Као што је пэзнато, чврстоћа и тврдоћа расту са порасто.м

густине и величине ОР зона и достижу максималне вредности када се у струк-

тУри поред ОР зона јавља фино диспергована ета-прим фаза. Пораст вели

чине честица ета-прим фазе и појава равнотежне ета-фазе, доводи до опа-

Д^ња чврстоће и тврдоће. Јасно је, према томе да ће чврстоћа и тврдоКа

завареног споја или, што је у нашем случају битно, у зони под утицајем то-

плоте (ЗУТ) зависити од структурних карактеристика7. Идеална структура

У ЗУТ-у: уједначена распод^ла ОР зона уз присуство финих честица мета-

сабилне ета-прим фазе не може се постићи због неуједначене расподеле

257
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тсмепратуре и различитих брзин< загрсван>а и хла!)еьа у завареном спо)>-*-5.

подруч|у завара.

Приликом загрсвачьа старейс легурс, са достизакем одговара)уКих

температура постепено се раствара)у све честице ко^е су насталс као последица

разлагала пресиЬеног чвретог раствора. Топлотна стабилност по^единих

„фаза" )е одре^ена и износи за; ста фазу до око 350°С, ета-прим фазу 250

до 300° и за СР зоне до око 180°. Температура растварааьа СР зона )с зависла

од садржа)а цинка и магнези)ума у легури и за испитивану легуру износи

око 150°. Растваран>е присутних ,,фаза", за дату температуру зависи, као

и код свих процеса ко)И су контро.тисани дифузи)Ом, од времена задржа-

ван>а на дато) температури и од величине честица „фаза". Утица) ова два

фактора )е од суштинског знача)а за разумеван>е процеса ко)и се одиграва)у

у ЗУТ-у као и за разумеван>е наста)ан>а структура од ко)нх зависе особине

завареног спо)а.

Пад температуре са расто)ан>ем од осе завара има облик хиперболе

и због различитог времена задржаваша на по)'единим температурама у ЗУТ-у

као и због различите топлотне стабилности по)единих „фаза", наста) с сло

жена структура. Ова структура )с, код легуре старене на максимум особина.

последица реаюоф у чвретом стан>у ко)е се могу доплати у ЗУТ-у3.4:

— интензивног раста талога,

— растварак>а талога (реверзи)е) уз накнадно таложен>е,

— трансформаци)е талога у стабилну ета-фазу и

— директног наста)ан>а ета-фазе из пресиЬеног чвретог раствора.

На сл. I дата )е зависност: температура-време задржава&а-реакци)а

разлагана чвретог раствора (ЧР)4. Као што се види на слици )едина ,,ко-

рисна" реакци)а при ко)0) наста)у ОР зоне одиграва се на температурама

испод 200°. На температурама изнад 200° разлагана пресиЬеног чвретог

раствора иде преко интермедн)арне ета-прим фазе, да би на температурама

Ова неу^едначеност )с последица

 

топлоте на уском

 

I

Слика I р1рлге

Зависност: температура-време :<а,тржа-

ван>а на температурн-реакшиа разла

гана чвретог раствора (ЧР;.

Слнка 2 р1р1ге

Структура ЗУТ-а по температурским

зонама: А — без предгреванл4, В —

са предгреван>ем (ова) рад).

Г)срсП11спсе : (етрегашге — поюшз итс

— сксотрозИюп геаспоп оГ зо1к1 8о1и-

йоп (СК).

ЗнисШгс оГ НА2 а!опк гопе 1етрега-

1иге8 : А — мп1Пои1 ргепеапп^4, В — \«1п.

рпеайгепв ((Ме рарег).
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нзнад 300° равнотежна ета-фаза наставл>а директно из пресиЬеног чврсто-

раствора. Ако се наведена зависност пренесе на стварну расподелу темпераг

тура и времена задржавагъа на температурама у завареном спо)'у4, тада се

структура ЗУТ-а може представити као на сл. 2. За случа) легуре у при

родно стареном стан>у пре завариванъа, сл. 2, А, структура ЗУТ-а може се

поделити у три зоне:

I зона: налази се непосредно уз завар и у ово) зони температура прелази

солвус температуру: алфа чврсти раствор/двофазно подруч)е; у ово) зони

у току завариваша, време задржаван>а на температурама изнад 300° )е до-

во.ъно дуто да се постигне потпуно растваранье свих честица.

II зона: обухвата подруч)е измену око 300 и 100°; у ово) зони су услови

промене температуре и времена задржаванъа такви да се могу одиграватн

практично све рани)е наведене реакци)е у чврстом станьу.

III зона: наставл>а се на другу зону и у н>0) )е температура довольно

ннска да не изазива битие промене структуре у односу на полазно станье

На основу горе изложеног може се зашьучити да се контролом одн.

регулисанъем процеса ко)и се одиграва)у у друго) зони преко доб^анъа по-

во.ъне структуре, може утицати на особине завареног спо)а.

Цил. овог рада )е да се, упоредним испитиваньем заварених спо)ева

лепре А1-52п-1М§ изЕедених без предгреван>а и са предгреваньем основног

материала пре завариван>а, покажу промене у структури ЗУТ-а као и утица!

ко)и ове промене има)у на тврдоЬу.

МАТЕРЩАЛ И ЕКСПЕРИМЕНТАЛНИ ПОСТУПЦИ

За испитившьа употребл>ене су индустрп)ски изра!)ене плоче од легуре А1-52п-1М§

У природно стареном станку, чи)и )е хеми)'ски састав у границама рани)е наведеног састава.

Плоче су заварене ТЮ поступком са А15Ме као додатним материалом. Заваривание )е

изведено: а) без предгреван>а основног материала пре заваривак>а; Ь) са предгревааем

на око 100° пре завариваша. Испитани су: микроструктура плоче у полазном стан>у, ма

кроструктура и микроструктура спо;а, микроструктура у ЗУТ-у на расто)ан>у 15 и 50 шш

од осе завара методом трансмисионе електронске микроскопов (ТЕМ) и расподеле тврдоЬс

(НУ 30) дуж завареног спо^а.

РЕЗУЛТАТИ И ДИСКУСЩА

Карактеристична микроструктура легуре у полазном станьу приказана

К на сл. 3 и 4. Види се да су у основи А1-чврстог раствора (А1ег) распоре^енс

У низовима релативно крупне честице интерметалне фазе (сл. 3). Ово )'е

редовна подава у техничким легурама ко)е има^у релативно висок садржа|

Желлза, а присутна нерастворна интерметална фаза )е на]чешЬе типа А1Ре-

МпСг. Зрно )е деформисано и структура изразито влакнаста, сл. 4. При

веКем повеЬаау, ТЕМ сл. 5, открива се да )е у полазно) структури матс-

РИ|ала присутна знатна количина заостале, при загревашу нерастворене,

ета-фазе и да у основи ни)е дошло до формиран>а СР зона веЬег пречника,
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GuHKa 3 Figure C/iHKa 4 Figure

MiiKpocTpyKT>'panoJia3HorcTaH>a.ierype, B.'iaKHacra CTpyKTypa ocHOBe (nojiapiwo-

x 150. BaHo cBeTjio), x 70.

Microstructure of initial state of alloy, Fibrous structure of matrix (polarized

x 150. light). 70.

cji. 6, iuto je h HopMajiHa nojaBa y npHpoflHO crapeHHM Jierypaiwa. y jierypa/wa

i<ojc cy crapeHe Ha noBHiuenHiw TeMnepaiypaMa CTBapajy ce GP 30He 3HaTHo

Behsr npe^HHKa. TnroHiaH H3rjiefl OBaKBe crpyKType iipHi<a3aiia je hccmkom

y yrjiy cji. 6.

 

 

C/utKa 5 Figure

TEM MiiKpocTpyKTypa nojia3Hor cTaH>a

Jierype, x 40000.

TEM microstructure of initial state of

alloy, ;■ 40000.

GrciiKa 6 Figure

TEM MHKpocrpyKTypa nojia3Hor craiba

jierype, x 100000.

TEM microstructure of initial state of

alloy, x 100000.

H3i\iiea MaKpocTpyi<Type 3aBapa 6e3 npe/irpeBaifca npHKa3aH je na cji. 7,

a MHKpocrpyKType Ha rpaHHiui 3aBap/3yT h y 3yT-y Ha cji. 8a, b, c. Ilojia3Ha

MHKpocrpyKTypa je y 3yT-y JiejiHivumHO H3MeH>eHa ao oko 15 mm on rpaHHue

3aBap/3yT, cji. 8a, a noTnyHo peKpHcrajiH30BaHa y 30HH uiHpHHe 10mm on.

obc rpaHHue, cji. 8b. y 3aBapy ce y rpammHoj 3ohh no npaBHJiy jaBJbajy cry-
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Слика 7 р1§иге

Макроструктура завара, х 7.

Масголгисшге оГ \\'еЫ, х 7.

басти кристали, сл. 8с. Код завареног спо)'а изведеног са предгревашем опште

макроструктурне и микроструктурне карактеристике видъиве под светлосним

микроскопом не разлику)у се битно од напред описаних.

 

Слика 8 р1виге

Микроструктура завареног спо)а, х 70

М1сго81гисшге оГ «'еИес! )01Ш, х 70.

Промена тврдоЬе у завареном спо)у без предгреваша (среднее вред

ности од три мерен>а) дата )е на сл. 9, крива А. На око 15тт од осе завара

иостиже се максимална тврдоЬа ПО—115 НУ. Са повеКашем расто)ан>а твр-

ДоЬа опада, тако да се изнад 50тт приближава тврдоКи полазног сташа,

°ко 90 НУ. Ниска тврдоЬа у завару ]с последица завариван>а додатним ма

териалом (А15Мд) ко)и не о)ачава термичким таложен»ем.
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ripeflrpeBaifae Ha oko 100° npe 3aBapHnaH>a HMa ua nociciiHiry H3je«na-

MaBaibe TBpaohe y 3YT-y Ha HHBoy 0/4 110—1I5HV, cji. 9, KpHBa B. Oiu

hiibo TBpaohe oflp>KaBa ce Ha pacrojaity flo oko 70 mm or 3aBapa. Ca a^hjh

pacrojaH>e.>i TBpfloha onafla. rioce6HHM CKCiiepHMeHTHMa HarjeHo je jja KCTHWHa

TonnoTe yueineHa npeArpeBaifceM HMa cinwan ecpeKaT Ha noBehaite TBp^ohe

nao h crapeH.a Jierype Ha 90—110 y Tony BHUie nacoBa.

y MHKpocrpyKTypH 3aBapeHor cnoja 6e3 npe^rpeBaita, Ha pacTojaH>y 1 5

mm, en. 10, y 3pHHMa ce He 3anaH<a npncycTBO Kpyimnx *iecTHna eTa-(pa3e, urro

yKa3yje na je y tom fleny 3YT-a TeMnepaTypa 6Hjia aobojbho BHCOKa (H3Ha^

350°) a Bpe/we 3aflp>KaBaH>a flOBOJbHO jiyro ^a ce nocTurne cnopo noTnyHO pa-

CTBapaHie eTa-iha3e, Koja je 6njia npHcyraa y no;ia3HOM CTaH>y (cji. 5). Bhcok

hhbo TBpflohe y 3y"T-y MOH<e ce oSjacHHTH npeTnocraBKOM aa cy ycjioBH xjia-

l)eH>a noaie 3aBapHBaH>a 6h.ih noro/run /ia ce H3 nocTHrHyior npecHheHor MBpcTor

pacrBopa HCTa.'io>Ke GP 30hc, y3 HCTOBpeMeno cnpeMaBaite HHreH3HBHe peanimje :

MP -> eTa npHM -*■ erra, o/jhocho y3 cajwo flejiHMHMHO 0AHrpaBaH>e OBe peaKUHje

xeieporeHHM nyTe.M. 3a naa TeMiiep?Type o/i oko 500 ao oko 250° noTpe6Ho

je aeceTaK ceKyHAH. HpyrHM peiHMa, y obom aejiy 3YT-a /TOMHHaHTHa peaKUHja

je: noHOBHO pacrBapaifce y3 HaKHaiiHO Tajio>KeH>e. Ha 50mm pacrojaTta, cji.

1 1 , noHOBO ce jaBJbajy Kpyroie Mecrnqe eTa-(pa3e, a onuiTe KapaKrepHCTHKe CTpyK-

 

CjiHKa 10 Figure

TEM MHKpocrpyKTypa 3YT-a Ha pacro-

jaH»y 15 mm, x 40000—6e3 npeArpeBaH>a.

TEM microstructure of HAZ at the dis

tance of 15 mm, x 40000 — without

preheating.

GmTKa 11 Figure

TEM MHKpocrpyKTypa 3YT-a Ha pacTo-

jan.y 50mm, x 40000— 6e3 npe;irpcBan>a

TEM microstructure of HAZ at the dis

tance of 50 mm, x 40000 — without

preheating.

Type He pa3JiHKyjy ce 6htho or nojia3Hor cTaH>a, 36or Tora je TBpaoha Ha 50mm

cjiHMHa TBpflohn nojia3Hor craH>a. Onaaaifce TBpflohe y Jjejry 3YT-a o/i 15 j\o

50mm nocjieAHiia je ona/raH>a HHTeH3HTeTa peaKiuije peBep3Hja-Tajio>KeH>e h

HHTeH3HBHpaH>a peaKUHja Koje /jOBOjie flo HacTajaH>a eTa-npHM h eTa-dpa3e, urro

Kao mTo je no3HaTo H3a3HBa onaflaite TBpjj(ohe. JJa jih ce obom npHjiHKOM ojjh-

rpaBa peaKunja MP — eTa, Kao urro ce MOHce oqeKHBai-H npeMa cji. 1, y obom

papy HHje HcnHTHBaHO.

MHKpocrpyKTypa 3aBapeHor cnoja ca npeflrpeBaH>eM Ha pacrojaEby 15 mm

noi<a3yje fla je nocTHrwyTO cnopo noTnyHO pacrBapaibe cbhx „<pa3a", (Kao h
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у претходном случа)у без предгреваша сл. 10). На расто)ан>у 50тт, струк

тура )е иста као и на 15 тт. При веКем повеКан>у )е утвр^ено да )е у том делу

ЗУТ-а дошло до интензивног таложеша СР зона што доказу)е и у)еднача-

ваье тврдоЬе (сл. 9). У)едначаванъе структуре, одн. присуство ОР зона у

ширем делу ЗУТ-а може се об^аснити на следеКи начин: у I температурско)

зони 500 до 300° ОР зоне наста)у као последица реакци]е реверзи)а-поновно

таложеае; у II температурско) зони 300 до око 150° предгреван>е доводи

до интензивни)ег раста ОР зона, ко)е су веЬ биле присутне у полазно) струк

тури, тако да се ове због веКег пречника теже раствара)у3 у условима тем

пературе и времена задржаван.а на температурама у посматраном делу ЗУТ-а.

Другим речима, наша испитиванъа су показала да предгреваше има сличай

утица] на промене у структури као и старение на повишеним температурама.

Поред овог утица)а, може се претпоставити да се због ман>ег пресиНеаа

чврстог раствора6 успорава)у реакци)е ко)е има)у за последицу стварааа

равнотежне ета-фазе.

Уочене структурне промене у ЗУТ-у завареног спо)а изведеног са

предгревааем су приказане шематски упоредно на сл. 2-В. Као што се види

у зони II предгреван>ем )е остварена знатна разлика у однэсу на структуру

завареног спо^а без предгреваша. Ова разлика се испол>. а у проширеньу

простираша структуре са ОР зоном у структури В.

Упоредним испитивашем ЗУТ-а заварених спо)ева легуре А1-52п-1М§;

изведених без предгреван>а и са предгревааем основног материала пре за

варивала, може се заюьучити следеЬе:

— у оба случала максимална тврдоЬа на расто)ашу 15тт од завара

последица )е таложеша ОР зона због интензивираньа реакци)е: реверзи^а-

-поновно таложеае,

— опадан>е тврдоКе на расто)анъу 50тт од завара код узорака без

предгреван.а, узроковано )е интензивиран>ем реакци)'а ко)е доводе до та-

ложен>а ета-прим и ета-фазе,

— код узорака са предгреван>ем не долази до пада тврдоЬе због тога

што унешена топлота доводи до формираньа стабилни)их ОР зона веЬег преч

ника ко)е се теже раствара)у, т). доминантна реакщф )е раст талога.

Финанси)ска средства за ова истраживан>а обезбедила )е За)'едница науке СР Срби)е, на

чему аутори захвал>у)у.

ЗАЮЬУЧЦИ
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SUMMARY

STRUCTURE OF A WELDED JOINT OF THE Al-5Zn-lMg ALLOY

PAVLE FODOR, ALEKSANDAR MIHAJLOVlC* and DRAGINJA MIHAJLOVlC

Faculty of Technology and Metallurgy, University of Belgrade, P. O. Box 494, YU-11001 Bel

grade, and *Boris Kidrit Institute of Nuclear Sciences, P. O. Box 522, YU-11001 Belgrade,

Yugoslavia

During welding of Al-Zn-Mg alloys in the heat-affected zone (HAZ) the following solid

state reactions take place: intensive growth of precipitates, resolution of precipitates, transfor

mation of precipitates to stable eta-phase and direct formation of stable eta-phase. The initial

state of the alloy, for the given welding technology, influences the solid state reactions, i. e. the

structure in HAZ and consequently the mechanical properties of welded joint. In this paper

the change of structure in HAZ of naturally aged Al-SZn-lMg alloy at the distance of IS and

50 mm from the weld is investigated. The first series of specimens for electron microscopy was

made from welded joints which were welded without preheating and the second with preheating

at 100°C. It was found that the decrease of hardness in the region between 1 5 an'd 50 mm of non-

preheated joints is caused by intensive formation of the stable eta-phase. The specimens made

from preheated joints did not show hardness decrease because the preheating has a similar effect

as artificial aging. For investigation the optical and transmission electron microscopy and hard

ness measurements were used.

(Received 2 November 1982; revised 14 April 1983)
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ИЗВЕШТАЈ О РАДУ СРПСКОГ ХЕМИЈСКОГ ДРУШТВА У 1982.

ГОДИНИ

(Подает редовној Годишњој скупшткни Друштва одржаној 18. јануара 1983. године

у Београду, од стране секретара Друштва Проф. Љубнце Врховац)

Колегиннце и колеге,

У нашем свеукупном раду Српско хемијско друштво је и у протекло) годннн постигло

значајне резултате којн су за све нас велики подстицај за даљи рад на остварнвању

цшьева које смо поставили кроз обиман програм наших делатностн. У 1982. години

Друштву је приступило 215 нових чланова из свих крајева наше земље. Основали

смо и две нове подружннце у Чачку и Димитровграду, као и једну попу Секцију

за хемију и заштнту животне средине. Чак у овој отежаној привредној п еконо.ч-

ској снтуацијн зе.чље, обнм нашег финанснјског пословања порастао је у односу

на претходну годину. Сарадња са организацијама удруженог рада нијс стагнпрала.

Уз велико разумевање за наш рад и добру вољу колега из удруженог рада склоп-

.ъена су два нова самоуправна споразума о сарадњи. Обогатили смо наш рад новим

садржајпма о чему ће у ово.ме нзвештају бити више речи.

На првој седннцп Управног одблра одржаној 5. марта 1982. године нзабрано је

ново Председништво које чине Драгутин Дражић, председник, Љубица Врховац,

секретар и чланопн: Станплшр Арсенпјевић, Теодор Аст, Радослав Аџнћ, Јован

Величковић, Ненад Вујадиновић, Стеван Јеротијевић, Јован Јовановић, Милан

Леко, Душан Миљковић, Иван Мићовић, Боривоје Мишковић, Ђорђе Петковић,

Душанка Петрогшћ-Ђаков, Владимир Рекалић, Слободан Рибникар, Љубнша Ри-

стовић, Озра Татић-Јањић, Борислав Томић, Миленко Ћелап н Живорад Чековић.

НАУЧНЕ МАНИФЕСТАЦИЈЕ

XXV саветовање хемичара СР Србије

За овогодишње XXV јубнларно, Саветовање које је одржано од 18—20. јануара

у Београду прнјављено је 124 саогаптења, 9 секцнјских и 2 пленарна предавала.

У одаосу на претходно Саветовање овај број радова је за око 20% мањн што ннје

нзненађујуће ако се узме у обзир да су многи чланови нашег Друштва са својим

радовима учествовали и у другим научним скуповнма у земљи и иностранству.

Рад Саветовања одвнјао се кроз следеће секције: 1. Неорганска хс.мија (21 рад),

2. Органска хемија (17 радова), 3. Физнчка хемија (37 радова), 4. Аналитичка хемија

(7 радова), 5. Биохемнја (11 радова), 6. Хемнјско инжењерство (10 радова\ 7. Ме-

талургија (8 радова) и 8. Заштита животне средине (13 радова).

Од секцијских предавања одржана су следећа:

1. Н. Јуранић, Природао-математн ки факултет, Београд: „НМР спектроскопнја

централног јона у координационој хемији прелазннх метала",

2. М. Мушкатировић, Технолошко-металуршки факултет, Београд: „Партишшација

двоструке везе Ш1Клоалкенилсистема у реакцнјама солволизе",

3. Ъ. Петковић, Институт за нуклеарне науке „Борис Кндрич", Винча: ..Одре-

ђивање термодинамичких константи хемијске равнотеже. Један нов приступ ,

4. М. Шушић, Природно-математички факултет, Београд: „Електрохемнјскс особине

суперјонских проводника",
5. Т. Пастор, Природно-математички факултет, Београд: „Волуметрнјска анализа

у неводеним растворима",
6. М. Гашић, Природно-математички факултет, Београд: ,,Биолошкн актнниа

јсдињења из морских оргакизама",
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7. M. CoKiih, TexHcioiUKO-MeTa^ypiuKH (paKy/iTer, BeorpaA: „CHCTeMaTCKo HH>Ke-

ifcepcrao h pa3Boj neTpoxeMHjcKe HHaycrpHje JyrocnaBHje",

8. M. To.MOBHh, C. ManijauieBHh h C. MapKOBiih, TexHonouiKO-MeTajiypiiiKH (paKyjrrer,

BeorpaA: ,,CaBpeMCHii npouecu u pa3Boj TexHOJioruje nuBspcTBa".

9. II. IlipeHT, IIpiipoAHo-MaTeMaTHMKH (paKyjrreT, BeorpaA: ,,IlHTepaKUiija H3Mefiy Boae

h pernor Myjba — npouec kojh OApefiyje KBajiHTeT penroix boa»".

3a ytiecHHKe CaBCTOBaiba h CHMnoaHjyMa o HacraBH xeMHje oap»caHa cy cneAeha tuie-

HapHa npeaanaifaa:

1. A. KopHxay3ep, <t>aKyjrreTa 3a HapaBocnoBHje uh TcxHononijo, Jby6.T>aHa: „Xe-

mhjcko o6pa30BaH>e 3a pa3B0j"

2. H. rioTKOH>aK, npupoaHO-MaTeMaTHMKH (paKyjrreT, BeorpaA: )vII,aji>e ycaepmaBaifce

h Hcrpa>KKBaH>e cHcre.Ma BacniiTaita h o6pa30BaH>a".

CaBeTouatty h CiiMno3HjyMy jc npHcycreoBaJio oko 600 yiecmiKa.

CuMuontjyM o uaciuasu xesiuje y CP CpSuju

Ockm caBCTOBaiba CpncKor xeMHjcKor APyurrBa Koja cy nocrana Tpa^mmja Ha kojv

cmo BeoMa noHOCHH, Hauie flpyiirrBO je Kao napaJiemry MamKpecTamijy, Beh AywH mi3

roAHxa, upraHii30Ba.no bhuic jyrocjioBeHCKHX cHMno3HjyMa H3 hckojihko o6jiacTH xe-

MHjcKHx HayKa, MeTajryprHje h TCKCTuna h oBaj bha Hauler ACJioBaua ce ycrajmo. Kao

npaTeha MamKpecTainija OBe ro^HHe, o,-.p>«aH je CHMno3HjyM o HacraBH xeMHje y CP

Cp6HjH.

3a CiiMim.mjyM cy npnjaB/bena 4 ruieHapHa, 5 ceKUujcKHX npeflaBaiba , 19 npahwx caon-

urreEba, a OAPHOHa je h jaBHa pacnpaBa o npo6jieMHMa nacraBe xesiuje.

y* OKBiipy CHMno3HjyMa, nopeA HaBeAemix, OApwaHa cy h cneAeha njieHapHa npeA&aaiba :

1. B. Ka.MeHap, ITpHpoAHO-MaTeMaTHWKH (paKyjrreT, 3arpe6: ,,Pa3B0j xeMHjcKe Hayi<e

h o6pa30BaH>a",

2. B. BajraHA, IIpHpoAHO-MaTeMaTHMKH (paKyjrreT, BeorpaA: ,,AcneKTH caBpeMeHe Ha-

craBe xeMHje".

Oa cewpijcKHX npeAaaaH>a oflpwaHa cy cneAeha:

1. "B. BajraHA, PenyCjiHMKH sasoA 3a yHanpe^en>e BacmrraH.a h o6pa30Bait>a, BeorpaA:

„npaheH>e peajnt3auHje nporpaina xeMHje y ocHOBHoj uikojih h 3ajeAHJMKoj ochobh",

2. P. XopBaT, rieAaroiHKH 3aB0A BojBOAHHe, Hobh CaA: „IlpaheH>e peajm3auHje npo-

rpaMa xeMHje y ochobhom h 3ajeAHHMKOM cpeAH>eM Bacmrraiby h 06pa3OBaH>y y CAII

BojBOAHHH",

3. M. UlypjaHOBHh, Mer)yornirrHHCKH npocBeTHO-neAarouiKH 3aaoa, Hobh CaA: ,,OcTBa-

pHBaH>e hckhx o6pa30BHHx 3aAaTaKa y AOAaraoM paAy",

4. T. "BokhK, IIpopoAHo-MaTeMaTHMKH (paKyjrreT, BeorpaA: ,,riepMaHeHTHo o6pa30Baa>e

HacraBHHKa y JyrocJiaBHjH",

5. B. IlonoBHh, OUI „JIa3ap CaBaTHh", 3eMyH: ,,HoBa HacraBHa cpeAcraa y HacraBH

xeMHje",

ITpeAceaaBajyhH tphShhc 3a ,JaBHy pacnpaBy o rrpo6\neMHMa HacraBe xeMHje" 6ho je

Xueopad HeKoetih

nJIEHAPHA nPEJlABAH>A 3A HJIAHOBE CX£

y TOKy 1982. roAHHe 3a MJiaHOBe Hauler JXpyurroa oflpwcaHa cy cjieAeha njienapHa npe-

AaBBKa:

1. Prof, dr M. Matherny, BncoKa TexHHMKa uiKojia y KoumuaMa, MCCP: „HcKycTBa

ca ABonna3HHM jt/kom Kao eKCUHTauHOHHM H3BopoM",

2. AxaAeMHK dr J. Beynon, yHHBep3HTeTCKH Kojieu y CB0H3iijy, B. EpHTaimja: „<J>yH-

AaMemaJiHa h rrpHMe&eHa Hcrpa>KHBaH>a — a* jih cy K0Mnani6njiHa?" ,

3. ITpod). ap M. PaAyJiOBawKH, Oacck 3a (papMaKOJiorwjy MeAHUHHCKor (paKyjrreTa

yHHBep3HTera Hjihhoj, HHKaro, CAJI: ,,0 xcmhjh cnasaiba",

4. Ilpod). AP B. TjiHunni, UeHTap 3a MyjiTHAHcqHiuinHapHe dyAHje, BeorpaA: ,,re-

HeTH^iKO HHHceaepcTBo y 6HOTexHOJiorHjaMa — Hauie onpeAeJteH,e",

5. AKaAeMHK dr B. Gimarc, Oacck 3a xeMHjy yHHBep3HTeTa y Jy>KHoj KapojiHHH, Ko-

jryM6Hja, CAJJ: „06jauiH,aBaH>e o6nHKa MOJieKyjia MoneKyjicKOM op6HianHOM Teo-

pnjoM",
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6. Др И. Захарова, Институт за неорганску и примен>ену хеми)у „Курнаков",

Москва, СССР: „Биолошка активност платинских и паладИ)умових координа-

ционих )едшьен>а",

7. РгоГ. йг К. V»'. Ьепг, Универзнтет Масачусетс у Амхерсту, Масачусетс, САД:

„Ароматски полиестри са особинама течних кристала",

8. Рго!". <1г 3. ТгаМШ, Универзнтет у Милану, Италика: „Катализа и електролиза

— неке слнчностн и разлике",

9. РгоГ. <1г С. С1бскпег, Технички универзнтет у Дрездену, НДР: „Одрег)нва1ье

мнкрогела у бутадиен-акрилонитрнлним каучуцима",

10. РгоГ. Лт А. 5а1ктё, Одсек за биоинжен>еринг Медицинског факултета, Ратгерс,

САД: „Напредак у медицинско) електрохеми)и и биоинжен>ерским уре^а)има".

Ова) бро) предавала у односу на претходну годину )е двоструко веЬп. За ос-

твариван>е меЬународне сарадаье ове врл'е, извесну финанси)ску помоЬ нам )е

пружила н РЗН Срби)е, на чему смо веома захналнн.

ПУБЛИКАЩЦЕ ДРУШТВА

Г.гасник хемгуског друшшва Београд

У току 1982. године одштампане су свеске 1— 10 Гласника хемн^ског друштва. По

следив, 11. свеска посвепена )е успо.ченн на проф. Александра Леко, са радовима

н.егових бивших студената и сарадннка и она )е )ош у прилремн. Бро) об)авл>еннх

радова у целом годншту износио )е 86, што одговара просеку за последних 5 година.

Преко 4/5 радова )е на страним ^езицима. Потребно )е истаЬк да она) часопис веК

нише година нзлази редовно захвал>у)уЬц свесрдном ангажован>у Главног и одго-

ворног уреднпка Гласника, проф. др С.юбодана Рибникара и Редакцноног одбора.

Хеми}'ски йреглео

У протекло) години одштампано )е свнх шест бро;ева Хеми)ског прегледа у пред-

ви1)еном року. Од 1982. године садржа) часописа, оснм на српскохрватском, да)е

се и на руском и енглеском )езику, а апстракт сваког рада штампа сс и на енглеском

)езику. Трошковн шта.мпан>а часописа за 1983. годину повеНаЬе се са 15000 на 17800

дин. по штампарском табаку, због чега )е било нужно повеКаван->е годинпъе претплате.

И Хемн)скн преглед нзлази редовно захваллч'уКн Редакщюном одбору часописа

и шсговом Главном и одговориом уредннку, проф. Сшанимиру АрсстусвиНу.

Несши из СХД

Вести из СХД нзлазе таког)е редовно. У прошло) години штампани су бро)сви 13

и 14 са уобнча)еннм рубрикама.

САРАДНзА СХД СА ОРГАНИЗАШ ПАМА УДРУЖР.НОГ РАДА

Сарадаьа СХД са органнзаш^ама удруженог рада, заиочета 1978. године, успешно

се разви)а и унаире^е. Обавезс Друштва и радннх органнзацн)а регулисанс само-

управним споразумом о сарадшп до сада су, без тешкоЬа, обострано нспушаване.

Свк самоупрашш споразуми заклучени 1978. године обнавл>анп су спаке године.

У току 1982. године, као што )е наведено, потписалн смо >ош два попа самоуправна

споразума о сарадн>н. Овог момента наше Друштво нма закл>учене самоуправне

споразуме са слсдеЬнм радннм органнзацн)ама:

РТБ-Бор; „Гоша"-РО Институт, Смедерсвска Паланка; ХИ „Зорка", Шабац;

„Галсннка", Земун; Институт „Борис Кидрнч", Вннча; СОУР „Тигар", Пирот;

''"^•Р")' 6°)а и лакова ,Дуга", Београд; „Вискоза", Лознпца; „Ьтопетрол",

(ЮУР Трговпна, Београд; „Рекорд", Раковина; Пчеларски комбинат, Г.соград;

Фабрика цемента, Нови Поповац; НХТМ, Институт за електрохеми)у, Београд;

ИХТМ ООУР за органску хеми)у, Београд; ИХТМ Институт за општу и неорганску

хемн)у, Београд; Рафннерн)а нафте, Ианчево; Рудник олова и цинка „Трепча
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OOyP „<t>a>wn", TIpiupeH; <X>AM, KpyuieBau; ,,Ha<pTarac", PaipHHepwja Eeorpajx;

Hewrap 3a My;miAHCii.Hn.riHHapHe cryAHje, Eeorpaa; <t>a6pm<a tcvhkx racoiia ,Joti",

KpaaeBo; HHCTHTyT TexHiiwiix Hayna CAHY, EeorpaAJ „3ne3,7a", TopibH MimaHOBau;

,JyroxeMiija", EeorpaA.

nopca HaBeaemx pawwc opramuauHja AparoucHy no.woh JlpyujTBy npyxcajy TexHO-

.iouiKO-Meraji\'piiiKH (paKyJiTer h npHpoAHo-.waTe.MaTHiKii (pai<yjrreT. Ochm (piiHaHcitjcKe

noMohH, TexHojiouiKO-MeTajij'puiKH <pai<y;iTeT ycrynaH>eM cBoje npocropuje 3a Kaicuc-

:iapnjy JpyinTBa h CTaBji>aH>cM Ha pacrio. laraibe npocTopiija 3a opraHiiaoitaibe HaiiiHX

HayMHHX it crpyHHHX vaHiu|>ccTamija. o.woryhyje HecMrraH pa;i n (pymcinioHiicaibe CXJX-

^HKaHCHjcKa cpe/jcTBa peajiH30BaHa no caMoynpaBHHM cnopa3yMiiwa ca paAHHM opra-

HH3auiijaMa y 1982. rojHmi ii3nocii:ia cy 710.000 aim. hito je 3a oko 15",, miuie y oam>cy

Ha npeTxoAHy rojHuy.

CXJX h obom npHjniKOM iwpanoBa BeJiHKy 3axBaanocT HaBeaeHii.w paflHHM opraHHaa-

UHjaAia Ha capaatbii, noMohii h noapmmi kojv obhm nyTe.w aajy Hame.M JIpyuiTBy 3a ocr-

BapituaH,c mi.-bena ii aeaaTHOcni CX3,. Haaa.wo ce aa he.wo OBy capaaity h y 6yAyhc

ycneumo ocTBapunaTii.

H3BOPII <I>IlHAHOIPAH3A ^PYUITBA

HaKO ce ueaoKyiiHa ai<THBH0CT CXH 3acinina Ha ao6poBo.ibHOM ii GecnaaTHo.M paay M;ia-

HOBa JlpyiuTea, 3a pea.uiaamijy CBe 6pojHHjnx iaaaTai<a h cue iiehe aKTiiBHocrii Heon-

xoAHa cy MaTcpiijajma cpeacTBa. Obo ce npe cuera oaHocn Ha n:};;aBaH>e cTa.'innx u no-

BpeMeHiix nyo.iiiKan.uja, opraHH30Ba»be Haywux h CTpywiix CKynona, TpouiKoae i<an-

ueaapfije, KOMyHHujipaibe ca M.iaHouima JlpyiuTBa, aHra>KOBaibe noBpeueHiix ii A«a

CTajma paamiKa hta. H3Bopn npnxo.ua JlpyuiTBa cy aoTannje P3H Cp6nie, MaanapHHe,

npenuiaTe Kg Haconnce, noBpeMeHa noivioh paannx opraHiirtamija 3a oap»<aBaibe 11 op-

rami30BaH>e Haymnix CKynoBa Kao ujto cy cnMiio3HjyMH, hikojic h apyrn o6anmi aKTiiR-

hocth, aonpiiHocii oa npojexaTa H3 oGaacro <pyHAa.MeHTaaHnx ucTpawHBaiba. 11 capa;jn>a

ca oprawi tamijaMa yapy>«eHor paaa no caMoynpaBHHM cnopa3VMHMa.

O (pinrancujcKOM nocaonaiby JJpyiuiBa y 1982. roanHii CKynuiTiiHii he oiith iioahtc

noce6an ii3BeuiTaj.

Cutane t/iaucuita

Bpoj HiianoBa Cpncxor xe.Mnjci<or apyuxrBa ce craaHo nonehaLta. 3a nocaeaibe, 3 ro-

Arae, 1980, 1981. u 1982. roAimc y .HpyiirrBO cy ynynHO npHMJi>CHa 733 HOBa M.iaHa.

YKynaH 6poj M.ianona J^pyuiTBa ca uaaHOBHMa Xe.vmjcKor apyuiTBa BojBOAHHe ii3hoch

oko 2.800. HajBehu npooaewii y KOMyHHHHpaH>y ca OBauo BeaiiKiiM Cpoje.M naanona

je HeoViaroapeueHo n.'ineuiTaBaHje KaHue.iapiije JIpyuiTBa oa crpaHe njianoua o npoMemi

aApece, 36or Mcra ,io.ia3ii ao BpahaH>a nonniAKH H npeKH^a KoirraKTa. CTora 11 obom

npmiHKOM Mo.niMO cue Hauie M.-iaHoae Aa CBany npoMeHy aapece AocTane KaHneaapii/H

JXpyiirrna.

Pad npedcednmuiuea u yupaenoi oddopa

YnpaBHii o;i6op HpyuiTBa, y nijeM cy cacTaBy H3aCpaHH H no^iacHii M.iaHonu, npeA-

ceAHHUH ccKHuja 11 iiOApy>KHiin.a Gpojao je 174 MJiaHa. Y tokv 1982. roAmie enc Menipit

luiaMHpaHe cei<u,nje Ynpamior onoopa cy OApwane 11 11a H.uvia je yBei< 611.1a npucyTHa

BeJiHKa Behuna vaaHOBo YnpaBHor oAGopa.

ripcAceAHvaiiTBo JXp\uiTua je y npoTCKioM MaHASTHOM nepiioay ii.wa-'io 22 M.iaHa. Oho

je oapho.io 8 ceamiua Kojiina cy yBeu npiicycTBODaaii totobo cbh M.ianoBii ITpeAceA-

HHHITBa.

Y paAy ynpamior oaoopa 11 ripeAceAHHiiiTBa Shjih cy yiubyieHii i<ao naj[)a>KHiijii caeAehH

1 . OpramwoBaibe XXV caBCTOBaH>a xeMiraapa CP CpSnje 11 CiiMno3iijyMa o HacraBH

xeMiije,

2. OpraHii3oBaH»e III jyrociiOBeHCKor aiMno3Hjy.«a o MCTajiypnijii janyapa 1984. ro-

AHHe y EeorpaAy,

.3. H3AaBaibe 11 ancrpnCymija erajiHiix nyd.niKaiuija ApyuiToa,



 

ИЗВЕШТАЈ О РАДУ С.Х.Д. У 1982. ГОДИНИ 269

4. Сарадња са радним органнзацијама на бази склопљених самоуправних споразума

и проширивање ове сарадње на нове радне организације,

5. Обезбеђиван.с финанснјских средстава за рад Друштва,

6. Организован с пленарних предавања.

7. Помоћ у раду подружннцама и секцијама,

8. Сарадња са Утајви хемијских друштава у којој нмамо делегате А. Деспића и

Ј. Величковића, као и сарадња са другим сродним друштвима,

9. Сарадња са Соцнјалистичким савезом,
10. Усклађишш.с статута Друштва са новнм Законом о друштвеним организацијама

и удружењпма грађана,
11. Издавање српскохрватско-ентлеског речника у издању Друштва кога је при-

премио Слободан Рибникар,

12. Јавна признан.а Друштва н
13. Прикупљан.с чланарнне и претплате, за часописе; дистрибуција чланских карата

и остали текућн послови Друштва.

Већини наведеннх питан,а посвећенн су посебни делови овог извештаја.

Постојећи Статут Друштва усаглашен је са новим Законом о друштвеним орга-

низацијама и удружењима грађана. Предложена верзија упућена је подружннцама

на дискусију и усвајање. Суштнна измена и допуна у Статуту је у реорганизацији

Друштва на делегатском принципу. Према датом предлогу, Скугпитнну Друштва

као највнши самоуправна орган, сачињавају делегата подружница и делегацнје

покрајинскнх друштава. Број делегата одређује Скупштина подружнице, а начин

избора делегаиија покрајина<их друштава одређује се Статутом Друштва покрајине.

И ове године је, на основу предлога секције и подружница, Комнсија за јавна при

знака припре.чила предлоге Скупштини о додели почасних и заслужних зван>а.

Већ трећу годину Друштво додељује награду за три најбоља студента хемијско-тс-

хнолошких наука.

Реализовању -одлука Управног одбора и Председништва и ажурном пословажу

Друштва у протеклој години, допринелн су својим свесрдннм залагањем, наши

службеници у канцеларији Друштва Олга Мирковић и Вера Ступљанин.

Рад подружница Српског хемијског друштва

Са новим подружницама у Чачку и Днмнтровграду, формнраннм у току 1982. го

дине, Српско хемнјско друштво у свом саставу, у СР Србијн без покрајина има сада

10 подружница. Активности подружница приказане су следећим нзвештајима:

Подружница Краљево

Подружница у Краљеву је активно радила у 1982. години. Плашфани задаци су

реализовани по активима и то: 2 актива за хемичаре у основном образовању у Кра-

л>еву и Новом Пазару и 1 актив за хемичаре у усмереном васпптању п образовању

у Кралэеву. Актнви наставш»<а хемије одржали су по 2 састанка на којима је разма-

трана проблематика од интереса за >1аставу са следећим садржајима рада:

1. Реализација нових програма хемије у СРС од 1977. до 1981. године,

2. Неки елемснти диференцираног рада у настаии хемнјс у основној школи,

3. Информацнја о Симпозиуму о наставп хемије,
4. Резултати на такмичешима ученика из хемије у оквнру Покрста Наука младима"

у школској 1981/82. години.
5. Планпрањс и ирнпре.мање наставе хелшје са иосебним освртом на осмшшьаван>е

оперативних васпитно-образовних яадатака у наставн хемије у основној школи,

6. Посета часу хемије у ОШ ,,С. Радовановнћ-Цана" у Новом Пазару и обрада

наставне јединнце ,,Уг.ъенн хидрати" лабораторијском .методом рада.

Предавач за наведене те.ме бно је Славољуб ЂукнК.

Актив хемичара и технолога којн раде у усмереном васпитању и образоиању (иодручје

Краљева, Врљачке Бање, Рашке, Тутина, Сјеницс и Новог Пазара) одржао је та-

кође 2 састанка са следећом тематиком :
1. Информанта о Симпозију.му о настави хемије, који Ье се одржати јануара 1983.

године и договор о учешћу профссора на овом Снмпознјуму,
2. Анализа успеха из хс.мије у образоннн.м центрима за школску 1981/82. годину,

са посебним оеврто.м на проблеме којн су бнтно утицали на реалнзацију програма,

3. Проблсми у реализаинјп професионалне праксс,
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4. Проблеми у реализацией програмс

усмереног васпитања и обазовања,

5. Планирање и припремале наставе хемије са посебним

.ъанала оперативних васпитно-обраэовних задатака.

Све ове теме су реализоване активним учешКем свих чланова Актива. Акалнзиракн

су резултати и уочен и проблеми и сваком центру, критички с усагледана позитивна

искуства и заузети конкретки ставови за будуКи рад.

Користећи се искуствима из прошле године у организовалу методичког практикума

са тематиком „Примем лабораторијске методе рада у групној настави са неким

елементима диференциране наставе", ове године је реализован семинар са групом

од 7 наставника у Новом Пазару. Средства за реализацију овот семинара, у трајав>у

од 5 дана, обезбедио је Републички СИЗ основног васпитала и образованна у Краљсву .

Годжшьа скупштина Подружнице одржака је 20. 11. 1982. године на којој је при

хвачен извештај о раду у 1982. години, разрешен стари и изабран нови Управни

одбор од 9 чланова.

Председник Подружнице је С.шголуб Ђукић.

Подружкица Врање

Подружница СХД у Вралу сада броји 42 члана и већ пуннх тринаест година делује

на територији јужног дела Јужноморавског региона ширећи хемијска знања и оба-

вештавајући велики број чланова о новостима у хемијској науцн и хемнјској настави.

У протеклој години одржано је пет састакана од' којнх три у Врању, а по један у

Бујановцу и Владичином Хану.

Одржана су предаваема:

1. Проф. М. Јоветић, саветник у Заводу за унапређивале васпитања и образовала.

Београд: , ЈХидактичко-методски приступ и принцип реализацији програма хемнјс

на примерима обраде неюгх наставних јединица у VIII разреду основне школе",

присуствовала 32 професора и наставника хемије у средлим и основним школама;

2. Ж. Аврамовић, професор Педагошке академије у Врању: „Обрада основних

наставних појмова у настави хемије" и „Обрада наставне грађе из Органске хемије

у VIII разреду основне школе", присуствовало 15 наставника;

3. Проф. др М. Ћелап, Природно-математички факултет, Београд: ,Энергетика

хемијских реакцнја", присуствовало 15 наставника и професора, чланова По

дружнице СХД.

4. Ж. Аврамовић, професор Педагошке академије у Вралу: ,,Појам мола", при

суствовало 11 наставника хемије;

5. Исто предаван>е је одржано у ОШ ,,Бранко Радичевић" у Бујановцу за настав

нике хемије и у Владичином Хану.

Због немогућности наставника да дођу у Врање на састанке Подружтще, састанцн

по активима одржавају се у централним школама и у средишту општина.

Основни проблем у раду Подружнице је да се чланови бар два пута годтшье, за-

једно окупе на једном месту, због велике удаљеностн насел>а у којима чланови ове

Подружнице раде.

И ове године, у немогућности да се Годшшьа скупштина одржи на време у Врању,

чланови Подружнице су консултовани по активима и они су нзразнли жељу да

Подружницу и да.ъе води лен досадашњи председник, професор Живадин Аврамовић.

Подружница Ниш

У прошлој години Управа Подружнице у Нишу одржала је 3 састанка. На састан-

цима се расправляло о плану рада Подружнице, одржавању стручних предавала,

а подељени су и задацн члановима Управе задуженим за техничку помоћ преда-

вачима. Извршене су припреме за одржавањс годишње скупштине, дат је предлог

о начину наплаћивала чланарине, разматрана је могућност организовала стручних

екскурзија, усвојен је годишњи нзвештај о раду Подружнице и остало.

Одржана су предавала:

I. Проф. С. Арсенијевић: ,,Угл>енмоноксид, отрован гас али и корисна сировин»

за синтезу важних хемијских супстанци". Излагай* проф. Арсенијевића претило

је 40 слушалаца.
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2. Проф. др М. ПетковиН, председник Подружнице у Нишу: ,,Сулфонамиди".

Кра]ем прошлс године Подружница )е имала 297 чланова. У току ове године уч-

ланило се )ош 14 новях чланова такс да сада Подружница има 311 чланова. Ова)

бро) обухвата дипломиране хемичаре, студенте хеми)е и ученике усмереног обра

зовала, будуКе лаборанте хеми)'ског смера. Председник Подружнице )е Миодраг

ПешковиН.

Подружница Бор

Активност Подружнице у протекло) години базирана )е на плану и програму акти-

ности, усво)еном на претходно) годнпльо) скупштнни.

Одржана су следеЬа предавала:

1. Б. СавиЬ: „МогуЬи правци развода топионице бакра у Бору", присутно 45 чла

нова;

2. М. Ра)чиЬ-Ву)асиновиЬ: „Електрохеми)ско понашанс природног ковелина'%

присутно 12 чланова;

3. М. ШушиЬ: „Растошьенл соли као каталитичка реакциона средина", присутно

17 чланова;

4. 3. СтанковиЬ: „Припрема радона за об)авл>иван>е", присутно 9 чланова;

5. М. Коморек, Чехословачка : „Техничко-технолошка решен.а сушннце из произ

водив кооператив ЧССР—1угослави)а", присутно 12 чланова;

6. Д. Томлинсон, ]. Робинсон, ]. А. Пе;чиновиЬ, Енглеска: „СНЕМЕЬЕС СЕЬЬ

— за регенераций металних )она из разблажених раствора", присутна 32 члана;

7. Б. Ловречек: „Електрифицирана граница фаза неметал-електролит, примена в

нова истраживан>а", присутно 20 чланова;

8. Ж. ЖивковиК: „Снлицн)ум-карбнд — технолошко-енергетскн аспекти"

У саради.и са Друштвом инжен>ера и темппара организована )е смотра научног

филма у тра)ан>у од 3 дана.

Организована )е и ^еднодневна екскурзи)а у Прахово в Ъердап са посетом Инду

стрии хеми)ских произвола „Прахово" и Хидроелектрани „Ъердап". Учествовало

)е 1 1 чланова.

Новоизабрани Управни одбор Подружнице бро)и 1 1 чланова, а председник По

дружнице )е Александар ТолиН.

Подружница Крагу)енац

Подружница Српског хеми)ског друштва у Крагу)евцу )е сво) рад у 1982. години

одржала кроз предаван>а и кроз рад Наставне секшие.

Предаван>има )е присуствовало просечно 20 слушалаца, ко)и су учествовали и у

дискуси)И. Посебно )е добро било посеЬено предавайте проф. Арсенн)евиЬа (око

80 слушалаца).

Одржана су следеЬа предавав:

1. И. Гутман, ПМФ Крагу)евац: „Нова откриНа у хеми)'н ароматичних )едшьен>а".

Том приликом )е одржана в Годишн>а скупштина Подружнице.

2. М. ПериЬ, ПМФ Београд: „Квантна хеми)а малнх молекула";

3. Р. НиколиК, Завод за медицину рада „Првена застава" Крагу^евац: „Токснч-

ност бензина",

4. В. Онпагс, Универзитет )ужне Каролине, Колумбита, САД: „Неоргански аро-

матски прстенови";

5. М. Ъелап, ПМФ Београд: „О хеми)ско) вези у комплексяим )едшьен>има";

6. К. В. МаПюп, Крал.енски колец, Кантербери, Енглеска: „Неке хеми)ске при-

мене сво)ствених вредности сво)ствених вектора графова";

7. Н. Новоуа, Оспапоггп/и универзитет, Токио, ]япан: ,,Хеми)СКО и математнчко

мшшьоье";

8. Н. ОНТак 1, Токио технолошки институт, 1окохама, ]апан: Структура хидра-

тисаног металног )она у раствору";

9. Н. Опик1, Токио технолошки институт, 1окохама, ]апан: , .Структура аминских

и етпламинских комплекса )она двовалентних метала у поденом раствору";

10. Р. Мнха)ЛовиЬ, ПМФ Крагучепац: „Примена пламене фотометрИ)е у анали-

тичко) хеми)и";
У оквиру Подружнице основана )е 1980. године Наставна сскшф. Ова Секщца

)е у 1982. годики имала следеЬе активности:
П. С. Арсени)ениЬ, Београд: „Упъен-монокснд — на)веЬн непрн)ател, човека ал»

драгоцена сировина за хеми)ску индустрн)у";
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12. JX. EaSiih, 3aBO,in ,,HpneHa 3acTana", KparyjeBau.: ,,3arabeH0cr BOAa h npeqam-

haBaH>e 3arabeHiix BOAa Ha TepHTopHjii rpa;ja Kparyjemja";

13. H. r>T.«an, IIMO KparyjeBau: „CTpyicrypa aTOitu".

Ha roaMuitboj cKynmntHH Iloapy>KHHue n:ta6paHo je hobo npcaceaHiiuiTBO h ynpasm

0.160. oa 7 w.ianona. npeACCAHHK I IoApv>KHMue je AP Hsoh ryiuMau.

IToAPNTKHiiua MaqaK

HoBoocHonana IIoApywaniua CXJl OKymuia jc 102 AHimoMiipana xe.Mimapa, TexHOJiora,

MeTajiypra u cpiumkOxeMiwapa kojh hoibc h paae Ha ywoj TepiiTopiijii rpa^a ^JaMica.

PaA IIoApyHcmiue ce oABHjao Ha:

1 . CacraHiuiua ] ImimijaTiiBHor OA<5opa 3a ocmiuaH,e IIo;tpy>KHime 11 opramoouaifay

CKyniuTiiHe

2. OcHHBaiiKoj cKyniuTUHH rioApyHcwine

3. CeflHimaMa yiipaiwor o^Sopa

4. CacraHmiMa I IpeACeAHHuiTna

5. CacraHuuMa cei<unja.

Ha HHiimijaniHy 32 noniucHiiKa 3a ocHiiBan>e IIoapv>khhu.c, CXJ1 je lia roAHiiiH>oj

cKymuniHii o;ip>Kanoj 18. jaHyapa 1982. roAiuie ocHOBa.no noApywrnmy y Mawy.

OcHiiuaMKa cKymimiHa je oApwaiia 16. anpu.ia 1982. roAHHe h Ha itoj je no3ApanHit

roisop oapwcao npeaceAHHK CXJX, npo(p. AP JXparyriiH Jlpa>Knh.

OcHiina'iKoj CKynumtHH je npucycTBOBajio 48 M.naH0Ba. V'cBojeH je CTaTyT CX.U h njian

paaa 11 aiamoim nporpaM a lUBpuieH jc 11 H35op H.nancTBa 3a YnpaBHii 11 HaA3opini o;j6op

Kao it Ae.ierannja 3a roA>iuiH»y ci<ynuiTiiHy CXH y jaHyapy 1983. roAHHe.

YnpaBHit o.ioop I Io,ipy>KHHue oApwao je 5 cacraHana 11a Kojiiua cy paaMaipana opraHK-

.nauuoHa niiTaiija 11 \TBpbeH Tenyhn ai<mioHH njiaH 11 nporpaM y cK.naA}' ca ycBojeHHM

nporpaiHo.M pa.ia HoApywrniue 3a 1982. roAHHV.

ripciceAHiiurrBO IIoapPkhhuc je ojpwano ABa cacraHKa.

noApywiniua je cyopraHiwaTop cacraHKa Kepa.Miiwe ceKmije CXJl kojh je oaphok

8. 10. 1982. ro.ume it iia Ko.we cy caonuiTeHa npe.ianaita :

1 . B. Kperiih 11 M. B.iajiih: ,,CaBpeMeHii Kepa.wimapcKii .waTepnjaJin — H>nxoBa npiiiweHa

11 ocoCime";

2. Jh. Byjiuhemih, B. IleTpomih h Jb. HonaKOBiih: ,,3aBiicHOCT KapaKTepHcnoca

npaxona xiiApantcaHor AI2O3 oa BpeMOHa crajaH.a y ManiwHow pacTBopy;

3. C. CTamiuiuh 11 M. Koconau.: ,,ny3aH>c y MarHe3HTHii.M oneKawa";

4. M. Bjiajiih, M. JoKcnh 11 C. CnacojeBiih : ,,J^ofiHjaH>e h ocoSiiHe jiaKiix naTpocrajiimx

MaTepujajia".

HacraBJia ceKUHja je OApwa.ia ABa cacraHKa ca iipc.iaiian,n\ui :

1. C. Apcemijennh, EeorpaA: ,,CO, hcbiia-TjIIbii mobckob HenpnjaTe.i>, ajin it AparotteKa

cyncraiiua 3a AooitjaH>e Ba>KHHX chhtctiimkhx npon3BOAa",

2. PaAHu cacranaK CeKuiije ca towom: „npo5jieMaTHKa peajiH3amije HacraBe xeMnje

H crpyiiHHx xeMujcKo-TexHoiiouiKitx npeAueTa y cpeAH>e.\i ycwepeiio.M oopa30Baiby".

TIpeAceAHiiK IIoApy>«HHue je Jlpaciina CuwjaiioscKa.

FIoApyHonma Tiitobo y>Kime

PaA noAPVHtHuue OABitjao ce yr.iaBHo.M iipei<o ai<THBa 11 cenuiije. Penion Tiitobo YH<nue

H.wa 10 oniuTiina U3 Mera npoH3HJia3H aa IIoApy>KHHuy mtHii 10 aKTHiia u jeAHa ceKijuja

Koja je (pop.vtripaHa y Bajbaomimt 6aKpa ,,Cao6oAaH neHe3nh-Kpuyn" y CeBojHy y

^aSpHmi ,,llpnn napxii3aH".

1982. roAHHH aKTHBii cy oAP«<ajiH npocemto no 3 cacraHKa uito VKynHo h3hocii 30.

IIoApyHCHima je ii.wajia jeAaH 3ajeAWiMKn ci<yn.

CaAPwaj paAa noAPV>KHHi;e 11 IIpeAceAHiiniTna 6uo je cJiCAehit:

— OMaCOBJbCH>C ll0Apy>KHHUe HOBIliVl M.'iaHOBU.va

— HanjiaTa <i;ianapHHe

— npemjiaTa Ha XeMHjcKii npemeA 11 TjiacHiiK xe.MitjcKor AP>"nrrna, EeorpaA

— H3Mena 11 AOnyna CTaTyTa HoApy>KHitue

— o6e3oebeH>e noTpe6Hiix AOKyMeitaTa 3a A°5njaH>e H<npo pa'iyHa

— opraHH30BaH>c penyojnttKor Tai<Mii«ieH>a 113 xe.vnije y HBaH»nmi.

Tpe6a ncTahn Aa je noApywiniua xcwiMapa opraHiuoBa.ia penyojiiiwo TaKMitMeibe y

OKBHpy lIonpeTa . .Hayi<a MJiaAH.via" He ca\io K3 xeMnje nero h 113 SiionorHje, <pH3HKe,

acrponoMiije h reorpacpuje jep na noApy^jy penioHa Tiitobo y>Kime He nocxoje no-

ApyJKunue HaBeAenHx Hayimux AHCUKnjiitHa. nope;i HaueAeHux miTaH>a, noAP>'>KHKua
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1С била ангажована и на организации практичних вежби у основным и средк>нм

школама и водила бригу о стручном усавршапашу свог чланства.

Рад Подружннце у 1982. годинн оцешен )е задоволлва]уКим.

Председннк Подружннце )е Цраго]ле НешовиН.

Подружннца Днмитровград

Подружшща СХД у Димитровграду формирана )е 12. V 1982. године.

У досадаппьем раду, у времену од око пола године Подружннца )е одржала 5 са-

станака.

На четпри од ових састанака одржана су и предавала са следеНнм темама в пре

давачнма:

1. ]. ВеличковнЬ, ТМФ, Београд: „Општи по)мовп полммеризашн'е са освртом

на еластомере";

2. С. Тодорои, „Тигар" ООУР .Днмитровград", Димитровград : „Утица; неких

састо)ака с.иеше на компресиони сет гуме";

3. X. Хофман, „Полисар", Диселдорф, СРН: „Утица; температуре вулканизацн^е

на компресионн сет гуме";

4. С. Арсенн)евиК, Београд: „Уиъен-монокснд невидл>иви непри^ател. човекове

средине".

Сва предавала су била веома добро посеКивана. Оцен>ено )е да су сва предаиаи.а

била квалитетна и интерссантна.

На састанцнма >е расправлено и о приему новнх чланова као и о будуКем раду По

дружннце.

Подружницу о' основала 22 члана а у меЬувремену )е примл>сно )ош 6 новнх чланова.

Годнипьи састанак Подружннце )е одржан 13. XII 1982. године коме )е присуство-

вало 25 чланова. Састанку )е присуствовао и )едан бро) ученика IV разреда усме-

реног образованна са сво)Нм професорнма хеми)"е.

Сходно предлогу новог Статута СХД, нзабрано )е Председннштво од 5 чланова.

Председннк Подружннце )е Михаил Иванов.

Подружннца Крушевац

План рада за 1982. годину, ко)н )е претходне године усво)ен на скупштпни Подруж

ннце, ]е само делимнчно нспун>ен. Подружннца )е одржала годнииьу скупштину

15. 12. 1982. године на ко>о) су разматранс могуЬностн актнвш^'ег деловаша ове

Подружннце ко)а за сада окупл>а око 50 хемичара и технолога запослеиих у хемн)-

ско) индустрии! и школскнм центрима Крушевца.

Том приликом су чланови Подружннце упознати са предлогом новог Статута СХД

ко)и )е упуКен Подружннцп на дискусн1у и разматран>е.

Ова Подружннца нма у плану, измену осталог, да у 1983. годинн повеКа бро) сво)пх

чланова на око 100, )ер се сматра да за то нма реалннх могуЬности.

Подружннца )е изабрала ново руководство од 7 чланова. Новонзабранн председннк

|е Ми.юш Л>у6исав.ьевиН .

Са жалошЬу констату)емо да )е у ма)у 1982. године преминула днпл. ннж. Датща

Мило)ковнК ко)а )е била )едан од на|актцшш]нх чланова Подружннце СХД у Кру-

шевцу.

Рад секцща Срйског хеищског друшшва

У своме саставу СХД нма сада 18 секци;а. У току 1982. године основана |с Секцн)а

за хечшу и заштиту жнвотне средние. Преглед рада секцн)а у 1982. годинн при

казан ;е у наставку овог извешта)а.

Секци;а за шсорщску хемщу. Као и ранн)пх година, актнвност СекцН)С Одвигала се
;.• оквиру семинара п предаван.а. У 1982. годинн Секцию )е организовала следсКа

предавала:

1. Зоран ТодоровнК, Хеми)ски институт ПМФ, Београд: ,,0 стабнлностн нзо-

мерннх кон)угопаннх молекула",

2. Ковег МаНоп, СатегЬигу, Енглеска: „Ауфбау принцип"

3. Всп^аглш М. СЛтагс, Универзитет ]ужне Каролине, Колумбита, САД: ,,Моле-

кулско-орбиталне теори)е",

4. Нагио Нозоуа, Универзитет Оцханомизу, Токио, |апап: ,,Шта се дешава око

атома угл>еннка за иреме оксндацгОе СН« у СО/',
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5. Ко^ег МаНоп, СашегЬигу! Енглеска: „Нске хеми)ске при.чене сво)СТвених вред

ностн сво)ствених вектора графов*",

6. Нагио Ноаоуа, Универзитет Оспапоггиги, Токио, ]апан: ,,Хемн)ско размихы-~ъан><

к математичко размишл.аил",

7. Иван Гутман, ПМФ, Крату)евац: „О теорией бенэеноидних >т;ьоводоника"

8. Мил>енко ПеряН, ПМФ, Београд: ,,Теори)ско истражнван>е мономолекулскнэ

реакци)а".

Предавай* су била добро посеКена и проираЬена живом дискуемом.

Годиипьа скупштнна секшее >е одржана 15. децембра 1982. године. На ню) )с раз-

матран рад у 1982. години, ко)и )е позитивно оцея>ен, како у погледу бро)а одржаних

предавай*, тако И у погледу шнхоне садржнне и научног нивоа. Зак.ъучено )е да

и дал>е треба настапитн са прайсом организован* предавай* из свих области тео-

ри)ске хеми)е. Треба насто)ати да се евентуалко на1)е могуЬност за сдржаванье ци-

клуса предаван>а о неко) теми ко)а може заинтересопатп шири крут хемнчара. а

ко)а би држали истакнутн научници, домапи или странг..

На скупштини )'е за председннка Секци)е за теорщску хеми)у поново изабран ака

демик Михаиле Л>. МихаияопЛ, а за секретера др Иван /ура/шН.

Мейиглуршка акциза. Активност Металуршке сскци)е у прошло) години састо)ала

се у организован.у два заседала са три реферата, )едннм страним и два домапа пре-

данача. Предаван>има )е присуствовало просечно 25 чланова. Прво заседание орга-

низовано )е у за)едници са Катедром за металурги)у гвож^а и челика са томом: , -Ак-

туелности у металургИ)И гвожЬа и чешка. Предавай* су била следеКа:

РгоГ. йг ЕЬегКагс) Зспштпапп: „МогуЬност и границе допунског сагореванша уг.гье-

ника при кисеонично-конверторско) изради челика",

Проф. др Александар ЧаниЬ: „Прогнозе потроиньс н производное челика у свету

до 2000. године" и

Проф. др п.с. Никола ГаковиЬ: „Комбиионано дуван* код израде челика у подруч/у

кисеонично-конверторскнх постуиака".

Металуршка секщца )е у 1982. години активно учествовала у раду нниин)атцвног

одбора око организован* Научног и Организашюног одбора за III )угословенски

симпозиум о металурги)И, ко)и Ке се одржати )ануара 1984. године.

Председник Сскщце )е проф. Драгина Миха)лоаЛ.

Емкшрохемщска секцииа. У току 1982. године Секнша )е одржала пет састанака,

на ко)има с>' одржана следеКа предавай*:

От КоЬеп Кееует, СМК8, Ве11е\ие, Француска: „Колико можемо да веру)емо у

слектрохеми)ски двосло); преглед модела и експеримената",

Миодраг МаксимовиЬ, ТМФ, Београд: „Нова технологи)а електролитнчког тало-

жен>а метала",

Ог 8сгрю Тгааат, Универзитет у Милану, Итали)а: „Природа ннтеракшне метал-

-растварач и структурни параметрн границе електрода-растварач",

бг АМп 8а1к1пд, Универзитет Ратгерс, 1Ьу Церси, САД: „Хеми)ски изворн елек-

тричне енерги)е за примене ко)е захтева)у внеоку поузданост" и

Страхик.а ЗечепиЬ, ТМФ, Београд: „Раманона спектроскопов у електрохеми)И

— нст1тиван>е фталош!)анина као катализатора електрохеми)ске редукци)е кисес-

ника".

Секци)а )е организовала и пленарна предавай* кода су за чланове СХД одржалн

Ог Зегвю Тгаааш, и Иг АМп §а1кш<1.

Одржана предавай* поснеЬена су веома актуелним прзблемима из области елек-

трохемн)е и садржала су како нове резултате истраживан* аутора, тако и преглед

стан* у дотично) области истраживан* у свету. На предавалима )е учествовало

15 до 38 чланова Секци)е. Предавай* су била праЬена са 1Штересован>см и живом

дискуСИ)ом.

Ангажован>е еминентних научника из иностранства као предавача у Секщфь омо-

гуЬени су стални контакти наших научних ннституци^а са 1 IУстраним научнн.м цен-

трн.ма. Посебно треба истаКн бригу за успешан рад секшее и 1ьених чланова из Ин

ститута за електрохеми)у ИХТМ.

Чланови Електрохемн)Ске секцн;е су у току 1982. године активно учествовали на

два значаща електрохеми)ска скупа:

— иЫИЗСО 015Си$510М МЕЕТШС, Београд, септембар 1982. Чланови Секшие

били су организатори овог скупа, а два члана Секци)е одржала су на н>ему пленарна

предавай*. 10 чланова )с пратило рад скупа.
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— 22. састанак 15Е, Ьуоп, Француска, септембар 1982. године. Раду овог скупа

присуствовало је 20 чланова Секције, који су били и аутори изложених радова.

На Годишњем састанку Секције, који је одржан 9. децембра 1982. год. закључено

је да је рад Секције био успешан, да се време одржавања састанака Секције поде-

шава према радном времену чланова, како би што већи број заинтересованих могао

да присуствује предавањима. Посебну пажњу треба посветити укључивању младих

у активан рад.

За председника Секције поново је изабрана Вера Дражић, а за секретара Бранислав

Николић.

Аналитичка секција. У протеклом периоду Секција је радила у саставу Олга Ви-

торовић, ТМФ н Љубинка Рајаковић, ТМФ.

Секцнја је организовала предавања и то:

Теодор Аст, ТМФ, Београд: „Масени спектрометрн обрнуте геометрије — прин

икли н примена",

Маја Ристић-Шолајић, Лабораторнја за физичка и хемијска испитивања културних

добара народног музеја из Београда: „Микроаьалитичка испитивања бојеног слоја

као допринос нсторијско-уметничкој аиализи слика".

После изузетно интересантног предавања које је пропраћено великим бројем слај-

дова уметничких дела и резултата аналнтичких испитивања бојеног слоја, уследила

је врло жива дискусија. Састанку је присуствовало 18 чланова.

Мирјана Ђорђевић, Институт за дуван, Београд: „Аналитичке методе у хемији

дувана и дуванског дима". После врло интересантног предавања дискутовани су

шири аспекти заштнте човека од дуванског дима и могућности аналитичког испи-

тивања ове хемнјски сложене супстанце. Састанку је присуствовало 18 чланова

Секцнје.

Љубинка Рајаковић, ТМФ, Београд: „Електронска спектроскопија за хемијску

анализу (Е5СА) основни принципи". Ово предавање изазвало врло живу дискусију

јер се Е8СА техника у Југославнји није још примешивала за хемијску анализу. Са

станку је присуствовало 17 чланова Секције.

На годишњем састанку Секције који је одржан 21. децембра 1982. године извештај

о двогодшшьем раду полнела је Олга Виторовић. На истом састанку за новог пред

седника секције изабрана је Гордана Милованоеић, са ПМФ у Београду, а за се

кретара Снежана Николић, такође са ПМФ из Београда.

Спектрохемијска секција. Годишњи састанак Секције одржан је 8. децембра 1982.

године и том приликом усвојен следећи извештај о раду секције у протекло) години:

1. Организована предавања истакнутих иностраних стручњака из области спектро-

хемије. Одржана су следећа предавања:

РгоГ. <Хг М1ки1аз Магпегпу, Универзитет у Кошицама (Чехословачка) : „Оптими-

зација резултата спектрохемијских анализа",

РгоГ. <1г Каго1у 2Јттег, Универзитет Ео1\'оз Ьогапд у Будимпешти (Мађарска): ,,Де-

текторски системи за оптичку емисиону спектралну анализу",

Ог Егпб Севиз, Универзитет за хемијско инжењерство у Веспрему (Мађарска):

„Прсблеми и могућности спектрохемијске анализе применом извора високофрек-

вентне индукционо спрегнуте плазме",

Др Нина Краснобаева, Бугарска академија наука, Софија: „Аспекти савремених

спектрохемијских метода при одређивању компонената у чистим материјалима" и

Бг ЕггзеЬе! АпЈгазј, Универзитет Ебсубз 1.огапЈ у Будимпешти (Мађарска): ,,Мо-

дификоване верзије шупље катоде".

П|. едавањима је присуствовало 11—25 чланова Секције.

2. Чланови Секције су учествовали са рефератима односно научним саопштењима

на следећим научним скуповима: II југословенски симпозијум о аналитичкој хемији

у Новом Саду, јуни 1982.; XXV конференција о спектроскопији у Шопрону, Ма-

ђарска, јуни 1982., на којој су предавала по позиву одржали Бошко Павловић ,,Про-

блеми спектрометријске анализе сивог лива" и Иванка Холцлајтнер-Антуновић

„Теоријски прорачун расподеле концентрације честица трагова елемената у плазми

електричног лука";

X конференција о атомској спектроскопији у В. Трнову, Бугаржа, септембар 1982.

на којој је по позиву Бошко Павловић одржао пленарно предавање „Неки аспекти

спектрохемијских анализа нехомогених феро-материјала" и најзад Конференција

„Апа1у11ки-еГ1"еп" 1982. у ЫеиЬгапаепЬигки, Неточна Немачка, новембра 1982., на
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ко)0| су предавала по позиву одржалн Бошко ПанловнЬ , .Примела стаог. :исан1 1

лучннх нзвора" и Дам)ана СимнЬ ..II. мина истражинажа лучне плазме".

3. На нанеденнм научним скуловима чланови Секшие су активно учеспюнхш бп_-х

као ч;|ановн органлзационих или научннх одбора, било као председана]уЬ1. на не

)сдиннм секшпама.

4. Чланови спектрохемн)ске секшие су наставши! актнвну сара.пьу са колега.-чг

слектрохемичарима са разлнчнтнх универзнтета и института; но познву Че.\ос.1*_>

вачког спектроскопског друштва Дам)ана СимнЬ |е одржала предавайте у Брати

славн, ма)а 1982. год. а Бошко ПавловиК у Институту за општу и неорганску юип

Бугарске академию наука у Софшн. септе.мбра 1982. године.

Током протекле године разматран )е у оквиру Секшие предлог за укл>учп'Я1ье 1у-

гословенских спектрохе.мнчара у САЫА5 (Конференции о аналлтичко! атог.ско

спектроскопии) и томе предлогу )с дата позитивна опена. ТакоЬе )е било ра;матраин«.

питан>е сарадн>е са спектроскопским друштпима Чехословачке и Немачке Д.Р.

5. У курсу из атомске ансорпцноне спектрометров ко)н су грганизс|;а.:л ч.танони

секцн)е н Института „Борис Кидрич" узели су учешЬс као преданачи и игкн 4.1а-

нопн секшие ваи Института.

На )едном од састанака Секшие разматран \е и проблем обавеиггаван>а чланства

Секшие о различили» текуЬнм проблемима и договорено да се кроз гласило Дру-

штва Вести из СХД чланови Спектрохсмикке секшие пан Белграда детал>нтс ш!-

формншу о раду секшие и другим питакима из домена слектрохем1не. На Годшшьо)

конференцией секшие нстакнут )е проблем ангажонан>а наших и (угослопенских

колега на ирсданан>има у оквиру секшие а разматраиа )е могуКност ьроширежа ак

тивности чланова Секшие. За председннка )е попово лзасран Вошко Пае.хсвиН,

ТМФ, Београд, а за сскретара Планка Холцла]тнер-АншуновиН. ПМФ, Београд.

Сскщца за хемщу и шехнодопду макромолекула. Секшн'а )е у протекло) годг.ни одр-

жала пет састанака са преданан.има:

Петар ДворннЬ. ИХТМ, Београд: ..Синтеза н осоСнне потпуно ароматизепаних

полиамнд-хидрозидних полимера". Присутно 10 чланова.

Проф. др Роберт Ленц, Универзитет Масачусетс, САД: ,,Ароматскп по.-шестрп

са осооннама течннх крпстала". Присутно 25 чланова.

РгоГ. с!г О. С1бскпег, Технички универзитет, Дрезден, НДР: „ОдреЪнванл мпкро-

гела у бутадиен-акрилоннтрплном каучуку". Прнслтно 15 чланова.

Эг №. НоГтапп, Ро1укаг, ВизвеШогГ, СРН: „Утиши умрежананча на неповратно

сакупл>а1ье, нарочито компресноно сакуп.ъан>е нитрил каучука на понишеним тсч-

пературама", Присутно 26 чланова.

Др Знонн.мнр ^ионкЬ, ИНА, Загреб: „Реакшпе терполимсрп::ашпе стнрена. акрило-

китрила и бромираннх сстара акрнлне кнеелине". Присутно 27 чланова.

У оквиру сарадн,е Друштва са удруженнм радом чланови Секшие Михаиле 1аЬовшЧ

н Слободан ЬшановиК су 14. ма)а 1982. године одржали по )едно предававье из об

ласти науке о макро.молекулима у Фабрицп бо(а и лакома ..Звезда" из Горнъсг Ми-

лановца.

ВеЬи бро) чланова Секшие )е учествовао у раду САСТАНКА ИЛАСТПЧАРА И

ГУМАРАЦА у Загребу. Порсд тога чланови Секшие су активно учествовали у

раду н организации! МеЬународног симпозиума из области пластике и гу.ме ГУМ-

ПЛАСТ '82 у Саракиу. Председник секшие )е Сюбодан _]овановиН.

Секцией за керамику. Секшна )е у протекло) години одржала три радна састанка

и четири секци)ска предаван.а.

I. Први радни састанак организован )е у Институту за материале Института „Борис

Кидрич" у Винчи. При том су одржана следеКа предавала:

1) Е. КостиЬ, С. БошковиЬ, С. Зец, Ш. Кнш и В. СкмичнК — Институт , .Борис

Кидрич" Винча и Фабрика шамота Аран1>еловаи : ,,Утица) флуора на происс

образованна МвАЬ04".

2) М. ТодоровнЬ, Л>. Радон»иЬ и М. 1анчиЬ — ИХТМ ООУР СМПАХ, Београд,

Технолошко-металуршки факултет Београд н Технолошки факултет, Нови

Сад: „Утица) земноалкалних елемената на ефекат вишекомпонентне дифузн)е

у стаклу".
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3) И. СтаманковиК, Е. КостнЬ, Институт .,Борис Кндрич", Вннча: „Топло пре-

сован>е алумшш)ум-трноксида са садржа)ем додатака".
4) Ф. Снгу^ински, Институт Борис Кндрг.ч" Вннча: „Примет етплсиликата

у области ватросталнпх материала".Састанку )е присуствовало 52 члана СекцдОе, а после одржанпх предавала посеКенг

)е Институт за .материале ИЕК Вннча.II. Другн радии састанак организован )е у ХИ „Зорка" у Шапиу, на коме су одр-

жана следеКа предавала:1) С. ЖивковнК, Л>. ЗечевиЬ и С. Радосавл>евиК, Хемщска нндустрн^а „Зорка"

Шабац: „Преглед неметалннх минера:ших сировнна у подруч^у иодрилско-

-колубарског региона"2) Д. НнколиК и сарадници, Рударско-геолошки факултет, Београд: ,,При-

родно стакло и могуКност примене у производли керамнчких произвола"

3) Л. ФилиповиЬ, Л>. КостиЬ-ГвозденовиЬ , М. Тецн-лазнЬ-СтепановиЬ, ХИ

„Зорка" Шабац и ТМФ Београд: „Утица) А1>Оя као адитииа на процес му-

лнтнзацн^е пиша"4) Б. ЖннановнН и Л>. ДрагиКевиК, Институт за нспг.т!шан>е материала СРС:

„Примена иуног факторног експеримента типа 23 у производньн керамичких

плочица".
С. ДеспотовиК, ХИ „Зорка", Шабац: „Производла спнтсрованнх керамичких

нгочпца монопал>елем и карактеристике иронзвода".
Састанку )е присутствовало 45 чланова Секци;е, а после одржанкх предавала по-

сеКенн су погони ООУР-а Керамика у оквпру ХИ „Зорка", Шабац.

III. ТреЬн радии састанак одржан )е на Педагошко-технпчко.м факултету у Чачку

у за>едннчко) организацией Секци^е за керамику СХД, Педагошко-техннчког фа-

култета у Чачку и подружнице СХД из Чачка. При том су одржана следеКа пре

давала :
1) В. КрстнК и М. Вла)нН, Институт :1а бакар Бор, 1 1едагошко-техничкн фа

култет Чачак: „Савремени керамнчки материала — шнхова примена и

особнне",
2) Л>. ВулнКевнК, В. ПетровиК и Л». НоваковиК, Педагошко-техничкн факул

тет Чачак: „Завнсност карактеристнка прахова хг.дратисаног АЬОз од

времена старела у матичном раствору",3) С. СтанишиК и М. Косовац, Институт за ватросталне материале и индус-

три)а „Магнохром" из Крал>ева: ,,Пузан>е у магнезитним опекама",

4) М. Вла)нК, М. ]оксиК и С. Спасо)евиК, Педагошко-техннчки факултет

Чачак и Фабрика термотермичких уре!)а)а и монтажа ,.Цер" Чачак: ,,До-

би)ан>е и особине лакнх ватросталнпх материала".
Састанку )е присуствовало 36 чланова Секцще, а после одржанпх предавала по-

сеКена ]е ООУР „Керамика" Фабрика „Цер" Чачак.
У претходно) години одржана су и 4 секци)ска предавала и то:

?. Счгуп )епк1П« са универзитетског колеца у Свонси)у (Велс), одсека за ме

тилу и технологи)у материала: „Бномеднцннека примена угл,еничннх ма-

™>™ч.яь-я V области стакл

1) РгоГ

талуталурги)> п ц.л„„,

тери^ала".
2) Одржана су и два предавала нстакнутих страннх стр\-члака V области стакла

из САД и то:
ЫогЬеп КгекЛ, председннк Интернацноналне комнси)е за стакло: „Нова

оптичка стакла",
~ Ог Рсгег ЗсЬикх; „I (ацюшиа достигнуКа V области оптичкнх таласовода".

3) Ог ]Ш Налгав са Високе хеми)ске школе у Прагу, Катедра за силикате, ЧССР

са темом: ,,Термодифузи)а воде у засиКеном керамичком систему. Предавалу )С

присуствовало 30 чланова Секци)е.
Годишла скупштина Секщце одржана )е 10. XII 1982. на ко)'о) )е за председника

изабран проф. Милушин ^еаноеиН, а за секретаре Снмка КораН, дипл. инж. из Ин

дустри)е стакла Панчево.

Сектуа за уга/ь и углоеодоиике.У току 1982. године Секшца )е одржала три редовна стручна састанка у Београду

и организовала )едно стручно предавалс у Рафинери)и нафтс Панчево. Садржа)И

излагала и дискуси)а на редовним стручним састанцнма обухиатнлн су разне области

хеми)е и технологи)е угл>а. Просечан бро) присутних чланова био )е 19, с ман>им

колебалима од састанка до састанка.
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Први стручни састакак )е био посвеКен теми: ,.Лепл>ивост

лигнита". Прсдавач, Л>у6иша НешиЬ, главни технолог у Термоелектрани , -Ко-

лубара".

Други редовни стручки састанак био \с посвеКен синтези метанола и амоюцака из

лигнита. Тему )е изложио Драган ПетковиК, стручни сарадник Рударског инсти

тута у Београду, с нагласком на техничке аспекте и

синтезног гаса, метанола и амони)а

На трсКем редовном стручном састанку одржано )е предаван>е са темом : , ,Експлозивне

карактеристике прашиие домаКих мрких угл>ена". Прсдавач )с била Бранна Вука-

новиЬ, научни сарадник Рударског института.

Стручно предавайте у Рафинери]и нафте у Панчеву одржао )е ]овая |ованокпЬ . с

темом: ..Битумен данас и сутра".

Секци)а има $4 регистрованих чланова у децембру 1982. што представял благ пораст

у поре()ек>у с прошлом годином.

Председник Секци)е )е Александар МошиН.

Секщуа за хеыщу и зашшишу живошне средине. Ова Секци)а )е конституисана 27. ма;а

1982. године и том приликом )е за председника изабран Сшеван /анковиН, а за секре

тера Пешар Пфенш.

После обавл>ених избора председник Секшце )е одржао предавайте са темом: , -Са-

даопье стаже животне средине у развщеним земл>ама света и борба за заштиту квали-

тета нашег оквира живота".

Друго предавайте одржао )е Живорад ЧековиК са темом: „Нова класа пиретроидних

инсектицида перспективних за човекову средину". Предаван>у )е присуствовало

30 чланова. После предаваща присутнима )е саопштен детагьан програм рада Секци)е

и обавештеше да руководство Секцн)е располаже подацима о произвоКачима домаЬе

опреме за борбу против загаЬинан.а воде, ваздуха и тла. Тако^е )е присутнима саоп-

штсно да ова Секщф намерава да одржи предавана на теме о животно) средини

наставшщима школа у Београду, у оквиру настаине секшее СХД.

ТреЬе предавайте Секшее )е одржао Драган ВеселиновиК са темом: „Одре1)нван>е

оксиданаса у ваздуху". Присуствовало )е 35 чланова ко)и су живо дискутовали

о експерименталния резултатима студи ) с зага^енл ваздуха на ширем подруч)у Бе-

ограда.

Петар Пфент )е за чланове Наставне секци)е СХД одржао предаван>е под насловом

,ПречишКаван>е отпадних вода", у оквиру саотитеног програма рада Секци)е

за хеми)у и заштиту животне средине".

Чстерто предавайте Секци)е за хеми)у и заштиту животне средине одржао )е Ра

дослав Радосавл>евиЬ, Центар за мултидисциплинарне студи)е, са темом: „Обра

зоваше и научно-стручно усавршаванъе кадрова у области животне средине". Било

;е присутно 30 чланова ко)и су после предавала веома живо дискутовали о пита-

н>има ко)а су данас у жижи друштвених договора у нашо) средини.

У току децембра Тома Тасован одржао )е предавайте са темом: „Нуклеарне елек-

тране и животна средина".

Биохеыщска секцииа. Секци)а )е одржала )едан пленарни састанак на коме )'е изло

жио сво)е предаваше РгоГ. 1оЬп 3. И. Васоп, шеф оде.ъен>а за биохеми)у и хеми)У

уиъених хидрата на Котеег истраживачком институту у Абердину, са темом: „Са-

времени поглед на структуру нативне целулозе и н>ену ензимску деполимеризавдцу".

Састанку )е пристствовало око 30 чланова друштва и гости)у. По завршеном пре-

даваьу развила се жива дискуси)а ко)а )е допринела да дстал.ни)е у^емо у проблеме

коришКен>а биомасс

Секщца за хеыщу и шехнологи/у коже. У 1982. години Секци)а )е одржала само )едан

састанак ко)и )е био посвеКен годипыьем извешта)у и определ>ен>има за будуКи рад.

Чланови Секци)е су учествовали у раду VI конгреса кожарско-прера^ивачке инду-

стри)'е 1угослави)е, ко)и )е организовав Савез друштава кожара и обуЬара СР Ср-

би)е и Савез кожарскопрсраЬнначке индустри)е 1угослави)е и то: Александар Па-

вловиК — ,,Управл>ан>е реализациям инвестиционих про)еката" и Миливо)с Бу-

гарски „Оптималне величине у производил и в>ихово утвр^пвале".

Председник Секци)е )е Александар ПаеловиН, а секретар Милиео)е Бугарски.

Секщуа за хеыщеко инже/ьерешво. Секци)а )е у току 1982. године одржала састанке

посвеКене следеКим темама:

— „Гасификащф лигнита, теори)а и прайса", ко)е )е одржао Л>убиша РадовиК и



ИЗВЕШТАЈ О РЛДУ С.Х.Д. У 1982. ГОДИНИ 279

— „Трофазнн суспензијски реактори", а предавая је био Дннко Синчић, „Хромое",

Загреб.

Председник Секције је Драгољуб Вуковић, а секретар Горан Јовановић.

Наставна секција. Активност Секције у протекло) години била је усмерена на орга-

низацију Симпозијума о настави хемије у СР Србији. Организациони одбор на челу

са Чедо.чиром Ђурићем је са успехом организовао овај Симпозијум у чијем раду

је учествовало преко 300 наставника хемије из наше Републике.

Председник Секције је Чедомир Ђурић.

ХЕМИЈСКО ДРУШТВО ВОЈВОДИНЕ

У протеклој години Друштво је наставило започете активности из претходног пе

риода и са успехом је извршио задатке поставлен; планом рада за 1982. годину.

Активност Друштва се одвијала кроз научне и стручне манифестанте, подружнице

и секције Друштва, секретаријат и нзвршни одбор.

а) Научне манифестације. На Састанку хемичара Војводине, који је одржан од 1.

до 3. јуна 1982. године, поднето је 71 саопштење на постеру, уз 2 пленарна преда

ваем и 5 секцијских предавања. Истовремено је одржан и III југословенски сим

позиум аналитичке хемије. Рад Симпозијума се одвијао преко 4 пленарна преда

вала и 15 секцијских предавала, као и дискусија за округлим столом и преко ди

кусије које су вођене крај 225 постера. Оба скупа су изазвала велики интерес у цело)

земљи о чему сведочи учешће преко 500 учесника.

б^ Рад подружница и секцнја Друштва. Хемијско друштво Војводине има подруж

нице у Зрењанину, Суботици и Кикиндп, док је подружница у Сремској Митровпци

још у фази оснивања. Подружница ХДВ у Зрењанину је и ове године показала

изузетну активност, која се састојала у реалнзацијн предвнђеног програма активности.

Одржана су следећа предавала:

— Марјетка Кидрич: „Генетско инжењерство и могућности",

— Жарко Врбашкн: „Хемијска прерада масти и ул>а",

— Ерне Шван: „Пушење и здравлл",

— Мирјана Радишић: ,,Еконсмски и технолошки аспектп прсраде отпадног ппвског

квасца и његова примена у прехрамбен>"ч индустрији" и

— Анђелко Одаџић је одржао предавайте приликом посете новоотвореном погону

, .Житопродукта' ' .

Председник Подружнице је Адам Маркуш, а секретар Ана Путић.

Стручна активност Хемијског друштва Војводине огледа се и кроз рад секције.

До сада су формиране следеће секције за: аналитичку хемију, наставу хемије, био-

хемију, хемију и технологију хране, хемијско инжењерство, органску хемију, за-

штиту животне средине, катализу и хемију и технологију макромолекула. Секција

за аналитичку хемију је у протеклом периоду поднела највећи део посла око органи

зованна и одржавања III југословенског симпозијума за аналитичку хемију. Посебну

активност у овом периоду је показала и секција за хемију и технологију макромо

лекула.

ц) Рад Секретариата и Извршног одбора. У протеклој години одржано је осам

састанака Секретариата и четири састанка Извршног одбора ХДВ. Током ових

састанака и два пута су присуствовали чланови Надзорног одбора.

Поред правовременог извршавања текућих задатака у протеклом периоду Секре

тариат и Извршни одбор Друштва се ангажовао и на задацима који су везани за

одржава&е III југословенског симпозијума о аналитичкој хемији и III састанку ХДВ.

Током 1982. и наредне године седиште Уније хемијских друштава Југославије се

налази у Новом Саду, што је ХДВ са задовољством и прихватило. Истина, ова оба-

веза ствара друштву посебне финансијске издатке и повећану активност, али се

може очекивати да ће Друштво у овом степену развијености све своје обавезе из-

вршити.
д) Годиш&а скупштина Хемијског друштва Војводине одржана је 14. јануара

1983. године на Технолошком факултету у Новом Саду. Скупштини је председавао

проф. Мирослав Пергал. .
Извештај о раду Друштва у 1982. години поднео је председник Борислав Томив,

завршни рачун Снежана Синадиновић, а извештај Надзорног одбора Нада Вуко)еви .

Извештаји су прихвапени.
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Скупштика је усвојила следећи план рада Друштва у 1983. голини :

— континуален рад на даљем остваривању основних задатака ХДВ као саставног

дела ССРН Војнодине,

— организован* VII југословенског конгреса за хемнју и хемнјску технологију,

— формирање и к ■нституисан.е иолружница ХДВ у местнма Вој подине.

— продубљиван»е сарадње ХДВ са општннскнм, градским, покрајинским СПЗ-овил-.а

из области образованна, научног рада и др.

— продубљивање сарадн.е ХДВ са Комитетом за енергетнку и сировине Извршног

већа Војводине,

— координирање међусобне повсзаностн Института сродних грана и производите

организација, посебно код нзраде мултиднециплинарних пројеката,

— коордикирање рада на изради друштвених планова разноја хемнјско-технолошкнх

дисциплина у САН Војподини,

— координирање и организован* укључнвања .млађих у нстражнмачки рад, так-

мичења и др,

— учествопање у доношењу, изради и дорадн наставних планова н програма хе-

мијских дисциплина у образован-у на спим шшонма,

— допуне статута Друштва и доношење правила подружиица,

— ангажовање па питањима стабилизацнје и борба за квалитет,

— остваривање финансијског плана,

— сарад!ьа са СХД, Уннјом хемнјских друштава Југославнје, СХТЈ, Друштвом

пластичара и гумараца и друтим сродним друштвилш н савезн.ма,

— сарад!ьа са Војвођанском академијом наука и уметности,

— остваривање међународне сарадње у оквиру Уннје хемнјскнх друштава Јуто-

славије,

— организовање годшиње скупштине Друштва.

Скупштина је усвојила н финансијски план за 1983. годину.

Председник Хемијског друштва Војводине је и у следећем периоду Проф. др Бо-

рислав То.тЛ, а секретари су Алексаидар Дудуковић и Снежопа Скнадиновић, Секре

тариат нма укупио 18 чланова са два почасна члана Друштва. Извршни одбор ХДВ

има 62 члана, а Надзорни одбор 5.

Хемијско друштво Војводине је нзабрало четирн делегата за Председништво Срп-

ст<ог хемијског друштва, и 17 чланова за Управни одбор СХД.

ИЗВЕШТАЈ БИБЛИОТЕКЕ С. X. Д.

Библиотека Друштва има 17.954 св. часопнеа. Од тога је прнновл>сно у 1982. го-

дини 472 спеске. Прнмљено је 56 наслова стране периодике и 16 наслова домаћих

часопнеа:

Број Број

Земља наслова Землл наслова

Аргентина 1 Немачка ДР 1

Аустрија 1 Пакистан 2

Белгија 1 Пол>ска :

Бугарска 4 Румунија 1

Венецуела 1 САД 3

Енглеска 5 СССР 5

Индија 1 Финска 1

Јапан 1 I Француска 1

Кина 1 Чехословачка 7

Мађарска 5 Швајцарска 1

Мексико 1

Укутаю 56

Библиотека има 717 књнга. Од тога је у 1982. годнни прпнов.ьена 31 шьига: из СССР

28 юьига, из Бугарске 2 VI из Румуније 1 књига. Послате су копије чланака разним

институцијама у Љубллнм, Лесковцу и Домжалама. Послати су извештаји о при-

новљеним страним часописима у току 1 98 1 . године Југословенском библиографском

институту и Народној бнблиотецн Србије за Централне каталоге.
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The synthesis and lead tetraacetate oxidation of all-equatorial «-2,t-4,l-6-

-trimethyl-r-l-cyclohexaneethanol (I) are described. In the lead tetraacetate re

action it was found that the main intermediate was the corresponding 8-carbocation

species (C), which was converted, in 30% yield, to the „normal" cis- and trans-fused

five-membered cyclic ethers (II and III, respectively), but underwent other reacti

ons as well, to an extent of about 29%, to give, via the olefinic alcohols (F, G, H),

unsaturated and acetoxylated cyclic ethers (V—IX) and fragmentation acetates (X,

XI), and, by direct acetoxylation, the diol monoacetate (XII). The structures of

the products obtained in this reaction are proposed, based on the analysis of their

^-NMR, 13C-NMR, IR and mass spectra

When conformationally mobile or semi-mobile saturated (primary or sec

ondary-) alcohols with a tertiary 8-carbon (i.e. 8-CH group) are subjected to the

action of lead tetraacetate (LTA) in benzene (or other nonpolar solvents), 8-func-

tionalization resulting in „normal" unsubstituted 5-membered cyclic ether for

mation takes place to a smaller extent2-9 than when the substrate alcohols contain

a secondary 8-carbon (i.e. 8-CH2 group)1011. However, in the former case, other

products considered to arise from relatively stable tertiary 8-carbocation inter

mediate species, are also formed, such as olefinic alcohols and derivatives resulting

from further LTA oxidation (unsaturated and/or acetoxylated cyclic ethers, frag

mentation and other compounds), a,8-diol mono- and/or diacetates, etc.2-9 In

addition, the fact that an optically active aliphatic alcohol containing an asymmetric

tertiary 8-carbon, of type R1R2CHCH2CH2CH2OH (R1 ^= R2, both alkyl groups),

affords upon treatment with LTA a racemic 2,2-dialkyl-tetrahydrofuran2, also

supports the intermediacy of an achiral (planar) tertiary 8-carbenium ion in the

LTA reaction of such alcohols.

* Part 46 in the series „Reactions with lead tetraacetate". For Part 45 see reference 1.

** Address for correspondence: Department of Chemistry, Faculty of Science, Sru-

dentski trg 16, P. O. Box 550, YU-11001 Belgrade, Yugoslavia.
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In the present paper we wish to describe the results of the LTA oxidation

(in refluxing benzene) of a saturated primary alcohol in which the tertiary 8-po-

sitions (i.e. two identical S-CH groups) are part of a cyclohexane ring and stereo-

chemically defined, this alcohol being all-equatorial r-2,f-4,r-6-trimethyl-r-l-

-cyclohexaneethanol (I). The isolated products and relative yields are given in

Scheme 1 (whereby the solid unthickened (normal) lines for bonds going from

saturated carbons of the cyclohexane ring to side-chain groups denote unknown

stereochemistry).

I

rnie.5%) rrj(its%i ivo%)

OAc

VO%) VI (~6%)

CHjOAc OAc 1 "

VII (15X) VIII (3%) IX M%)

^N^^Jv. ^fv^-T-s

XU%J XI (2%) xnn.5%)

XIII (2.5%) XIV (2%) XV (11.5%) (19%)

Scheme I

From the data obtained, the following observations can be made.

(a) In spite of the fact that the starting alcohol I is 1,2- and \,6-trans, i.e.

contains two S-axial hydrogens, both cis and trans fused „normal" 5-membered

cyclic ethers* (II and III, respectively) were formed in a II/III ratio of 61.5:38.5

(1.6:1), this indicating that planar S-electron deficient intermediates (Scheme 2,

* „Normal" denotes unsubstituted saturated cyclic ethers formed directly by ring closure

of the corresponding hydroxy intermediates with 8- or c-carbocationic character (for example,

see Scheme 2, C-*(II + III) and E-*IV)»-".



OXIDATION OF 2,4,6-TRIMETHYLCYCLOHEXANEETHANOL 285

radical B and carbenium ion C) were generated in the course of the reaction. It

should be noted that in the previously described LTA oxidation of cyclohexane-

ethanol, the corresponding cis fused octahydrobenzofuran was also obtained

in (even larger) excess (cisjtrans = 79:21, i.e. 3.7:1)5-8-9.

PWOAc)A

 

XII

+ AcOH

- rT

*n/ 1,6 —

 

 

OH

0) *

E) »

(ring closure)

IV

(ring closure)
II + III

1"*

 

OH

PbtOAc^

(Internal

addition)

V + VI

 

OH

Pb(0Ae^

(Int ernal

addition)

Vll + VIII

(Internal

addition)

i

IX

 

u y

OH

H

Pb(0Ac)4

|W ,(i - scission)

X + XI

Scbem* 2

(b) As expected from previous examples, in the case of alcohol I (tertiary

3-CH group) the total yield of the „normal" tetrahydrofuran-type ethers II and
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Ill was reduced (30%) when compared to that (48%) of the diastereomeric cis

and trans 5-membered cyclic ethers obtained in the LTA oxidation of cyclohexane-

ethanol (secondary S-CHz group)5-9. *. On the other hand, however, 8-function-

alization of alcohol I was found to involve (in a total yield of about 29%) other

products as well (V—XII, Scheme 1), which are all derived, indirectly or directly,

from the same planar tertiary 8-carbenium ion intermediate C (Scheme 2) which

is also the precursor of the „normal" ethers II and III. Thus, by further LTA.

oxidation, the unsaturated and acetoxylated cyclic ethers V and VI are formed

via the A4-olefinic alcohol F, the acetoxylated cyclic ethers VII and VIII via the

A4-unsaturated (methylene) alcohol G, the acetoxylated 5-membered cyclic ether

IX and the isomeric fragmentation acetates X and XI via the A3-olefinic alcohol

H9, whereas the a,S-diol acetate XV probably arises from direct 8-acetoxylation

of the 8-carbocation C, followed either by transesterification or by diacetate for

mation and (unimolecular) hydrolysis9-12 at the tertiary 8-position. The „normal"

trans fused 6-membered cyclic ether product IV has as precursor the less favoured

e-carbenium ion E10-11.

(c) Other products formed in the lead tetraacetate oxidation of alcohol I

are aldehyde XIII, formate XIV and acetate XV. These types of compounds

are usual products in the LTA reactions of alcohols, and their mode of formation

has been discussed previously (carbonyl compounds10-11, acetates of starting al

cohols10-11, formates of starting alcohols18).

Determination of product structures. — Diastereomeric bicyclic ethers II and

III. — The assignment of II and III (both exhibiting M at mjz 168 and a base

peak M— 15 at m\z 153 in their mass spectra) as cis- and trans-fused 4,6,7a-tri-

methyl-octahydrobenzofuran, respectively, with the stereochemistry shown on

Fig. 1, is based on the mode of formation from alcohol I (Scheme 2) and on 1H

and 13C NMR evidence**. Thus, the high field portion of the XH 360 MHz NMR

spectra (i.e. 8 0.8—0.9) of both epimers revealed the presence of two secondary

methyl groups (two overlapping three-proton doublets, / 7.5 Hz) and one tertiary

methyl group (one three-proton singlet), which is compatible with structures

II and III. The occurrence of a two-proton multiplet (8 about 3.9 in both epi

mers), originating from a -CHz-O- moiety, is also in accordance with the proposed

structures. At the same time, the 13C NMR signals at Sc 64.5 (t) and 82.0 (s) in

II and at Sc 65.0 (t) and 81.2 (s) in III, which could be assigned (according to

the chemical shifts and the multiplicity observed in the off-resonance spectra)

to the -C(7a)-0-CH2(2) fragment, afforded additional proof for the proposed

structures. Moreover, the downfield 13C NMR shift of the angular methyl group

at C(7a) in II (Sc 27.4), in comparison to that in III (Sc 18.3), is in accordance

with its equatorial position in II and axial in III, thus enabling the stereochemical

assignment of II and III as the cis- and rrans-fused diastereomers, respectively,

It should be noted that the slight downfield displacement of the JH NMR signal

of the same tertiary methyl group in II (S 1.09), as compared to that in III (S 0.93),

fits also to the above stereochemical assignment.

Bicyclic ether IV. — The mass spectral data (i.e. mjz 168, 167 and 153 cor

responding to M, M— 1 and M— 15, respectively) and the IR band at vc_o 1097

cm-1 of compound IV (eluted shortly after the products II and III), indicated

also a bicyclic ether product, isomeric to II and III. The structural features, as

* The reasons for this difference in yield were discussed previously9.

** Chemical shifts in NMR spectra are given in ppm units (8 scale).
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-p^, j^pz;

C/S-fUMd trans-fused trans-fused

U III IV

Fig. 1 . Stereochemistry of the epimeric 4,6,7a-trimethyl-octahydro-

benzofurans (II) and (III), and of the isomeric 5,7-dimethyl-octa-

hydro-Ii/-2-benzopyran (IV).

rationalized on the basis of the JH 60 MHz NMR evidence, such as two secondary

methyl groups (8 about 0.87, two overlapping three-proton doublets, J 5—6 Hz)

and two methylene groups attached to the ether oxygen (8 ca. 3.0—4.2, four-proton

multiplet), could be incorporated satisfactorily in the frans-fused 5,7-dimethyl-

-octahydro-l//-2-benzopyran (IV), with the stereochemistry shown on Fig. 1.

Olefinic tricyclic ether V. — Compound V (vc-o 1 100 and 1050 cm-1) gave

rise to a mass spectrum corresponding to a monounsaturated bicyclic ether (i.e.

mjz 1 66 and 1 5 1 for M and a base peak M— 1 5, respectively). The presence of a

three-proton doublet (8 1 .72, /aiiyi 1 Hz) and a one-proton singlet with fine

structure (8 5.47) in the XH 60 MHz NMR spectrum of V is in accordance with

I

a CH3—C=CH— moiety. This, and the presence of a tertiary angular methyl

group (8 1.22, three-proton singlet) and a secondary one (8 0.92, three-proton

doublet), as well as two protons on the carbon a to the ether oxygen (8 about 3.87

two-proton multiplet), are consistent with the 4,6,7a-trimethyl-2,3,3a,4,5,7a-hexa-

hydrobenzofuran structure for product V (Scheme 1), with unknown stereochem

istry at position 7a.

Bicyclic acetoxy-ether VII. — Product VII, containing an acetoxy group

according to its IR spectrum ( 1 750 and 1 240 cm-1) and XH 60 MHz NMR spectrum

(8 2.00, three-proton singlet), did not exhibit a molecular ion in the mass spectrum.

However, the presence of mjz 1 66 (which could be assigned to a M— 60 ion) and

a base peak at mjz 1 53 (corresponding to a M—CH2OAC fragment) indicated a

bicyclic tetrahydrofuran-type ether structure containing an angular CH-aOAc

group, the presence of this group being also supported by a two-proton singlet

(8 3.77) observed in the *H NMR spectrum. The presence of two secondary

methyls (8 about 0.9, two overlapping three-proton doublets, J 6 Hz) and

a methylene group a to the ether oxygen (8 about 3.85, two-proton multiplet)

is quite consistent with the proposed 7a-acetoxymethyl-4,6-dimethyl-octahydro-

benzofuran structure for VII (Scheme 1), with unknown stereochemistry at C(7a).

Bicyclic acetoxy-ether VIII. — Compound VIII, showing no molecular

ion in the mass spectrum, could also be assigned a bicyclic acetoxy-ether structure

on the basis of mjz 166 (M— 60) and 151 (M— 60— 15) in its mass spectrum, vmax

1 750 and 1 250 cm-1 in its IR spectrum and 8 1 .97 (three-proton singlet) in its

lH 60 MHz NMR spectrum. The latter spectrum exhibited, moreover, a complex

ca. three-proton multiplet (8 3.3—3.9), most probably originating from protons

attached to the two ether a-carbons, and a strongly coupled doublet (8 4.27, J

* 1 2 Hz) corresponding to one proton, which could be assigned to an equatorial

proton of an ether a-methylene group, all these data indicating the 8a-acetoxy-

-5,7-dimethyl-octahydro-l//-2-benzopyran structure for product VIII (Scheme

1; stereochemistry at 8a was not determined). (The absence of a typical three
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-proton singlet in the lH NMR spectrum which would originate from a tertiary

angular methyl group (e.g. as in II and III; see above), ruled out the alternative

tetrahydrofuran-type structure for compound VIII).

Bicyclic acetoxy-ethers VI and IX. — The mixture containing the two prod

ucts VI and IX (in a ratio of ca. 6:1) exhibited a mass spectrum indicative of

bicyclic acetoxy-ether structures (i.e. mjz 226, 211, 166 and 157, corresponding

to M, M— 15, M—60 and M— 60— 15, respectively), the IR bands at 1745 and 1250

cm-1 and the 1H 60 MHz NMR signal at 8 1 .93 (three-proton singlet) being also

compatible with the presence of the acetoxy group(s). Moreover, the presence

of a tertiary angular methyl group (8 1.27, three-proton singlet) and two secondary

methyl groups (8 1.01 and 1.15, two three-proton doublets, J s» 6 Hz) indicated

structures of the acetoxylated trimethyl-octahydrobenzofuran-type. The complex

signals at 8 3.4—4.0 could be assigned to the ether a-protons of both compounds.

According to the intensity of the low-field signals (8 4.8—5.3), due to the pro-

ton(s) a to the acetoxy group(s), one can suppose that the major constituent of

the mixture is 7-acetoxy-4,6,7a-trimethyl-octahydrobenzofuran (VI, Scheme 1),

probably as a stereoisomeric mixture (concluded on the basis of the complexity

of these proton signals). The other, minor component of the mixture was assigned

the 3a-acetoxy-4,6,7a-trimethyl-octahydrobenzofuran structure IX (Scheme 1),

with unknown stereochemistry at C(3a) and C(7a).

Fragmentation acetate X and formate of starting alcohol XIV. — The lH

60 MHz NMR spectrum of the mixture containing compounds X and XIV (in

a ratio of ca. 2:1) revealed an acetate ester (8 1.98, three-proton singlet) as the

major component. Moreover, the presence of an allylic acetoxy-methylene group

(8 4.58, two-proton singlet) and an allylic methyl group (8 1.78, three-proton

singlet with fine structure) in the major product, enabled the assignment of a

I I

CH3—C=C—CH2—OAc moiety. This, together with the mass spectrum, giving

rise to mlz 196, 181 and 136 (i.e. M, M— 15 and M— 60, respectively), is in ac

cordance with the structure of «'s-2,4,6-trimethyl-l-cyclohexene-l -methyl acetate

for the fragmentation acetate ester X (Scheme 1). On the other hand, the minor

constituent containing a —CH2—CH2—OCHO moiety (according to the *H

NMR signals, such as a one-proton singlet at 8 7.95 and a two-proton triplet at

8 4.13, J <%< 7.5 Hz) could be identified as the formate ester of the starting alcohol

XIV (Scheme 1). The mass spectrum of this compound did not show a molecular

ion peak, but the presence ofmjz 1 52 and 1 24 (corresponding to M— 46 and M — 46 —

— 28, respectively) supported the proposed structure. It should be noted that the IR

spectrum of X + XIV afforded additional evidence for the presence of acetate

and formate functionalities in this product mixture (i.e. vmax 1740, 1237 and 1175

cm-1).

Fragmentation acetate XI. — According to IR and XH 60 MHz NMR data,

product XI contained the following groups: tertiary acetoxy (IR: vmax 1730 and

1240 cm-1; 'HNAiR: 8 1.92, three-proton singlet), exocyclic (vinyl) methylene

(IR: vmax 1640 and 900 cm"1; *H NMR: 8 4.82, one-proton doublet, /*1.5 Hz,

and 8 5.00, one-proton singlet with fine structure), two secondary methyls (8

0.87 and 1.05, two three-proton doublets, J as* 6 Hz), and one tertiary methyl

attached to the same carbon atom as the acetoxy group (8 1.6, three-proton singlet).

This, in combination with the mass spectrum (no molecular ion peak, but mjz

1 36 and 121, corresponding to M — 60 and M— 60 — 1 5, respectively), indicated that

the tertiary fragmentation acetate XI was isomeric with the primary fragmentation
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acetate X (see above) and had the structure of 2-methylene-l,3,5-trimethyl-l-

-cyclohexyl acetate (XI, Scheme 1), with cu-methyl groups at C(3) and C(5) and

unknown stereochemistry at C(l).

Hydroxy-acetate XII. — Product XII had the following groups: a tertiary,

hydroxyl (IR: 3450 cm *H 60MHzNMR: 8 2.2, one-proton singlet

exchangeable with D2O), a —CH2—CH2—OAc moiety, analogous to that in

the acetate ester of the starting alcohol XV (IR: vmax 1740 and 1245 cm-1; XH

NiMR: 8 1.98, three-proton singlet, and 8 4.1, two-proton triplet, J e& 8 Hz),

two secondary methyls (8 0.88 and 0.96, two three-proton doublets,/^ 6 Hz),

and a tertiary methyl attached to the same carbon as the hydroxyl group (8 1.07,

three-proton singlet). In addition to the molecular ion at m\z 228, corresponding

to the molecular formula C13H24O3, the following fragments were observed in

the mass spectrum: m\z 213 (M-15), 168 (M-60), 153 (M-60-15) and 150

(M— 60— 18). All the spectroscopic evidence described above for the hydroxy-acetate

XII fits very well in the structure of 2-hydroxy-2,r-4,r-6-trimethyl-r-l-cyclohex-

aneethyl acetate (Scheme 1), with unknown stereochemistry at C(2).

Aldehyde XIII. — Product XIII was identified as the aldehyde formed

in the reaction by oxidation of the primary hydroxyl group of the starting alcohol

I, on the basis of IR data (vmax 2740 and 1740 cm-1) and mass spectral data {m\z

168 and 153, corresponding to M and M— 15, respectively) of the impure sample.

The small quantity of the product as well as the presence of impurities did not

allow a decent ]H NMR spectrum to be run.

Acetate ester of starting alcohol XV. — The acetate ester product XV was

identified by comparison of spectral data (IR, XH NMR, mass) with those of the

synthetic material, prepared by acetylation of alcohol I.
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EXPERIMENTAL*

Gas chromatography: Varian Aerograph instrument, Series 1400 (flame-ionization de

tector) for analytical purposes; Varian Aerograph instrument, Model 700 (thermistor detector)

for preparative separations; the columns consisted of Carbowax 20M and TCEP, i.e. 1,2,3-tris-

(cyanoethoxy)propane, adsorbed on Chromosorb P 60/80 (3—10%); carrier gas Hs and Ar. IR

spectra: Perkin-Elmer Spectrophotometer, Model 337. 1H-NMR spectra: Varian Spectrometers

A-60A (at 60 MHz, in CCU) and HA-I00-D (at 100 MHz, in CDCls), and Bruker HX-360 spec

trometer (at 360 MHz, in CDCI3); 13C-NMR spectra : Varian XL-100 spectrometer (at 25.15

MHz, in CDCb) equipped with a Fourier transform accessory; chemical shifts are given in 8

values on the ppm scale (TMS as internal standard, room temp.); abbreviations: s — singlet,

d — doublet, t — triplet, q — quartet, m — multiplet. Mass spectra: Varian-Atlas MAT CH-5

spectrometer. Fractional distillations: semimicro and micro Vigreux columns.

* 'H-NMR spectra at 100 and 360 MHz, and 13C-NMR spectra were recorded at Ciba-

-Geigy Ltd., Basle, Switzerland (Dr. H. Fuhrer). Other spectral measurements (JH-NMR at

60 MHz, IR, mass) were performed in the Laboratories for Instrumental Analysis of the Chem

istry Department in Belgrade (directed by Prof. D. Jeremic). All compounds subjected to micro

analysis (performed by Dr. R. Tasovac) gave correct percentage values for C and H.
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Synthesis of starting alcohol I. — This alcohol was prepared by the reaction sequence shown

in Scheme 3.

Hydrogenation of 24 g of commercial 2,4,6-trimethylbenzoic acid (XVI) in 200 ml of glacial

AcOH over PtC>2 (0.6 g) at 3.5 atm, followed by filtration, concentration in vacuo, precipitation

by addition of water, filtration of the solid and recrystallization from petroleum ether (b.p. 60—

—80°), afforded 20.87 g (83.9%) ofall-w (aeee) 2,4,6-trimethylcyclohexanecarboxylicatid(XVII),

C00H 

J. UAIHt

<HfH tN»CN

XXI

 

XXII I

Scheme 3

m.p. 105—106° (lit.14 m.p. 105.5—106°); IR (KBr): vm„= 2400—3600 and 1720 (COOH),

1380 (d, CHs), 1259, 1220 cm"'; W 60 MHz NMR: 8 «< 1.0 (9H, d, ./ 6 Hz, CH3 at C—2,

C—4 and C—6), 2.53 (1H, t, J «* 4 Hz, H—leq), 11.9 (1H, s, COOH).

Acid XVII (4.0 g) was heated in 60 ml of glacial AcOH containing 2.7% (wt) HC1 in a

Carius (sealed) tube at 150° for 35 h. The cooled solution in the tube was then poured onto ice-

-water, the precipitate filtered off, air-dried and recrystallized from petroleum ether (b.p. 60—80°),

affording 3.55 g (88.7%) of all-equatorial t-2,t-4,t-6-trimethyl-r-l-cyclchexanecarboxylic ecid

(XVIII), m.p. 94—95° (lit.14 m.p. 96—96.5°) ; IR (KBr) : v„,« = 2300—3600, 1 710 and 900 (COOH),

1390 (CH3), 1264, 1214cm-1; W 60 MHz NMR: 8 = 0.90 (3H, d, / 6 Hz, CH3 at C—4),

0.95 (6H, d, J <* 6 Hz, CHs at C—2 and C—6), 12.48 (1H, s, COOH) (the signal of H-lax is

masked by signals of other protons).

This isomerization was carried out, in 4 g portions, with a total of 20 g of XVII, whereby

17.75 g of XVIII were obtained.

Acid XVIII (17.0 g) was converted to its methyl ester with diazomethane in diethyl ether

(in the usual way), and this ester, without further purification, was reduced (by the standard

procedure) with lithium aluminium hydride in diethyl ether, affording 15.1 g (96.8%) of all-

-equatorial i-2,t-4,£-6-trimethyl-r-l-cyclohexane-methanol (XIX); IR (film): vmM = 3350 and

1063 (CHiOH), 1390 (CH3) cm"1; lH 60 MHz NMR: 8 = 0.85 (3H, d, / «s 5.5 Hz, CHs at

C—4), 0.93 (6H, d, / as 6 Hz, CH3 at C—2 and C—6), 2.22 (1H, s, exchangeable with DiO,

OH), 3.70 (2H, d, J 2.5 Hz, -CHa-O-).

A stirred solution of alcohol XIX (14.50 g) and dry pyridine (2.10 ml) was"cooled to —25°

and treated very slowly (dropwise for 2 h), at that temperature, with 3.66 ml (= 10.45 g) of PBr3.

The mixture was washed with 5% aqueous NaOH and water, dried (CaCta) and subjected to

fractional distillation under reduced pressure, affording 1 1.78 g (57.9%) of all-equatorial <-2,

r-4,f-6-trimethyl-r-l-cyclohexanemethyl bromide (XX), b.p. 40° at 0.1 mm Hg; IR (film): vm,-^

= 1383 (CHs), 1257, 975, 563 (C-Br) cm1; W 60 MHz NMR: 8 = 0.87 (3H, d, J * 6 Hz,

CHs at C—4), 0.90 (6H, d,/*6 Hz, CH3 at C—2 and C—6), 3.62 (2H, d, J * 2.5 Hz, CH2-Br).

r-CH»Br m P»a ^^Jf-CryJH

XX XIX
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In a stirred solution of 11.48 g of bromide XX in 48 ml of triethylene glycol, 3.1 6 g of

powdered NaCN was slowly added (portionwise) at room temperature. The mixture was then

carefully and gradually (30 minutes) heated to 140° (possible exothermic reaction), and stirred

at that temperature for another 2 hours. After cooling, the mixture was poured into 260 ml of

water and extracted several times with methylene dichloride. The combined organic extracts

were then washed with water, dried (CaSCi) and evaporated in vacuo, to give 8.10 g (93.5%)

of all-equatorial t-2,t-4,r-6-trimethyl-r-l-cyclor.exane-aceionitrile (XXI); IR (film) : Vma» = 2270

(C = N), 1398 (CHa) cm"1; »H 60 MHz NMR: 8 « 0.88 (3H, d, J « 5—6 Hz, CHs at C—4),

0.97 (6H, d, J ~ 5.5 Hz, CH3 at C—2 and C—6), 2.48 (2H, d, J <* 4 Hz, CH8-CN).

A mixture of 7.74 g of nitrile XXI, 5.04 g of KOH and 16.6 ml of triethylene glycol was

stirred and heated at 150° as long as ammonia was evolved (about 24 h). After cooling, the mixture

was diluted with twice its volume of water, acidified with 20% aqueous H2SO4 and extracted

with diethyl ether. Removal (in vacuo) of the solvent from the dried organic extract afforded

6.75 g (78.2%) of all-equatorial f-2,r-4,«-6-trimethyl-r-l-cyclohexane8cetic acid (XXII), m.p

81—82°; IR (CCU): = 2300—3500 and 1725 (COOH), 1290 cm-1; lH 60 MHz NMR:

8 * 0.87 (3H, d, partly masked by other signals, CH3 at C—4), 0.95 (6H, d, J m> 5.5 Hz, CH3

at C—2 and C—6), 2.52 (2H, d, / « 3.5 Hz, CH2-COO-), 12.20 (1H, s, COOH).

Conversion of 6.40 g of acid XXII to its methyl ester was performed in the usual way,

by means of diazomethane in diethyl ether. This ester, without further purification, was reduced

with lithium aluminium hydride in diethyl ether (standard method), affording, after the usual

work-up and purification by column chromatography on silica gel (using benzene as eluent),

5.40 g (91.4%) of all equatorial f-2,t-4,r-6-trimethyl-r-l-cyclohexaneethanol (I), which, upon

crystallization from ethanol melted at 37°; IR (film): vm»x = 3320 and 1040 (CHa-OH) cm"1 ;

•H 360 MHz NMR: 8 = 0.52 (1H, t x t, JXit = A,« m 12.5 Hz, 7l53 <* 3.7 Hz, H-lax), 0.62

(2H, q, / * 12 Hz, H-3ax and H-5ax), 0.83 (3H, d, / «* 6 Hz, CH3 at C-4), 0.91 (6H, d, J

•*> 6.2 Hz, CH» at C—2 and C—6), 1.16 (1H, OH), 1.24 (2H, m, H—2ax and H—6ax), 1.39

(1H, m, H^lax), 1.60 (2H, d, J m 12 Hz, H—3eq and H—5eq), 1.74 (2H, t x d, m 8.2

Hz, 7i,3 <* 3.7 Hz, H,C—0), 3.61 (2H, t, J <* 8.2 Hz, H3C(ct)-0-); l3C 25.15 MHz NMR: 8 =

= 20.5 (q, HsC at C—2 and C—6), 22.6 (q, H3C at C—4), 32.2 (d, C—4), 33.0 (t, C—(3), 36.1

(d, C—2 and C—6), 45.2 (t, C—3 and C—5), 47.7 (d, C—1), 60.7 (t, C—a).

The lead tetraacetate oxidation of alcohol I. This oxidation was carried out in the usual

way, as described previously10'15, by rcfluxing a mixture of alcohol I (5.10 g, 30 mmol) and lead

tetraacetate (19.95 g, 45 mmol) in 80 ml of dry benzene. After 3—4 h the oxidant was consumed,

the reaction mixture was worked up by the standard procedure10'" , and the products in the mixture

were subjected to analytical and preparative gas-chromatographic separation. The results are

given in Scheme 1, the products obtained being identified and characterized on the basis of their

spectral properties (see above).

H3BOJt

OJIOBO-TETPAAUETATHA OKCHflAUHJA

t-2, t-4, l-6-TPHMETHJI-r-l-UHKJTOXEKCAHETAHOJlA

MHXAHJIO Jb. MHXARJIOBHTi, BJIAflHMHP AHJIPEJEBHH, CBETHCJIAB rojKOBHH, CJ10EO.UAH

MHJIOCABJbKBH'R

Xeiiujcxu imcuiumyui TlpupogHo-NauieMaiuuvKoi cpaKy/iiueiua yuueepjuuieuia y Eeoipagy u

Hucuiuuiyui 3a xe.uujy, iuexHo.wiujy u MeiuaAypiujy , Keoipag

11

CTAHHMHP KOIICTAHTHHOBH a

XemujcKu wicuiuuiyiu IIpupogHO-MauteMaiuuuxoi tfraKyjiiueuia i'nueep3uuieula „C«eiuo3ap

MapKosuh" y Kpaiyjeeify

H3BpmeHa je cmrreaa CBe-eKBaTopHjajmor t-2, t-4, /-6-TpiiMeTiiji-r-l-iniKjioxei<caHC-

TaHOJia (I) h npoy<iauana je H>eroBa OKCH^auHja noiwohy o.TOBO-TeTpaaucTaTa. Habeno je ^a

je npn osoj peantuijit rjiaBHH HHTepMeflHjep OflroBapajyhH 8-Kap6oi<aTjoH (C), i<ojn flaje, y

npHHOcy on 30%, ,,HopMajrae" ew- h rra«s-KOHfleH30BaHe neTOMJtaHe uhkjihihc eTpe (II h

III), ajiH KojH nofljie>Ke h flpyrHM TpaHcd>opMaimjaMa (y H3Hocy ofl oko 29%), flajyhH, npeKO

oJiednmcKHX ajiKoxojia (F, G, H), HesacuheHe h aneTOKcwioBaHe 6mvmjm>OK etpe (V—IX)
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ii 4>parMeHTauHOHe aueTaie (X, XI), a mkpckthii.yi aueiOKCHJioBaibeM AHOJi-MOHoauciaT (XII).

CrpyKType aoohbchhx npoii3BO,na y oboj OKCiiaamioHoj peai<uH)H yiBp!)eHe cy Ha ocHOBy

aHajni3C m>hxobhx 'H-NMR-, l3C-NMR-, IR- h MaceHHX cnexTapa.

(npHM-Tjeiio 15. .\iapra 1983)
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By the Oglialoro condensation ofsubstituted phenylacetic acids and correspond

ing furaldehydes substituted in the position 5 of the furan nuclei with iodo-,

p-chlorophenyl-, styryl- and 2-furylethenyl substituents a number of new 3-aryI-2-

-(5-substituted-2-furyl)acrylic acids was obtained.

A number of new 2-aryl-3-(5-substituted-2-furyl)acrylic acids was synthetized.

All synthetized acids are substituted in the position 5 of the furan ring with dif

ferent substituents. We reported earlier1 a number of substituted phenylfuryl-

acrylic acids where the substituent was only methyl in the position 5 of the furan

nucleus and now we report the synthesis of the substituted phenylfurylacrylic

acids where the substituent in the position 5 of the furan nucleus is iodo-, p-chloro

phenyl-, styryl- and 2-furylethenyl-.

All of these substances are interesting because of their geometrical structure

which was spectroscopically identified. In all cases only the E isomers could be

isolated except the iodo substituted compound where both E and Z isomers were

obtained. All prepared acids could be interesting as dyes and also pharmacody-

namically and photochemically. 2-Aryl-3-(5-iodo-2-furyl)acrylic acids (1—2)

(Table I) were prepared by a standard procedure2. Both E and Z isomers were

separated, purified and identified by microanalysis and spectroscopic methods.

The *H NMR spectra of the corresponding E and Z acids exhibit a signif

icant difference in the chemical shift for ethylene protons similarly to the pre

viously reported substances3-4 (Fig. I).

GRACE KARMINSKI-ZAMOLA and LELJA FlSER-JAKIC

(Received 27 December 1982)

 

♦ArCH.COOH

 

/Ar

vCOOH

/COOH

NAr

1. Ar = phenyl, 2. Ar = />-methoxyphenyl

Fig. I.
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TABLE I. Analytical and spectral data of 2-aryU-'5-substituted-2-furj larcylic acids H=C»rC0OM

Anal Calc'd

Found

%H

IR cm-' UV
>■ max

Clog c)

[»o- yield c-c c=o

No R Ar M.p.°C % Formula %C

Z; 176—179 81.7 iaHtO.1 45.91

45.62

2.67
2.38

1590 1670 204(4.2)

I phenyl
225C3.9-)
319(4.2)

/. 114—113 1.7 C.H.O.I 45.91

46.20

2.67

2.56

1610 1690 204(4.2)

232(4.1)

327(4.3)

p-methoxy- r. 186—188 72.3 CHuOU 45.43

45.22

2.99

2.72

1600 1660 201(4.1)

222(4.0)

324(4.2)

2 iodo phenyl z 135—137 3.0 Ci.HnCM 45.43

45.12 3.21

1600 1620 203(4. 1 )

240(4.0)

336(4.2

3 p-chtoro-

phcnyl

p-chloro-

phenyl

n 212—215 43.8 Ci.HuOjCb 70.49

70.12

3.74
.1 12

1600 1660 201(4.3)

220(4. 1 )

250(4. 1 )
357(4.5)

4 p-chloro-

phenyl

p-methyl-

phcnyl

B 200—202 33.8 Cc.HlsO,Cl 67.71

68.03

4.26

4.12

1610 1680 201(4.5)

228(4.3)

350(4.7)

3 p-chloro-

phenyl

wi-chloro-

phenyl

1: 172—175 33.3 CifHuOaCU 62.31

62.05

5.23

3.11

1610 1680 204(3.8)

236T3.4)

355(3.9)

(> p-chloro-

phenyl

m-methoxy-

phenyl

i-: 192—195 26.3 CoHi.O.Cl 67.71

67.55

4.26

4.53

1610 1700 203(3.7)

358(3.8)

7 p-chloro-

phenyl

m-methyl-
phenyl

B 180—182 10.3 CoH„OaCl 70.90

71.12
4.40 1610 1700 203(3.7)

235(3.3)
344(4.0 )

4.37

8 styryl phenyl U 173—175 13.1 C-iHuOi 79.73
79.98

5.10
5.02

1600 1665 384(4.5)

272(3.7)

312(3.7)

9 2-furyl-

ethcny>

phenyl E 165—167 37.4 Ci»Hi*04 74.50

74.15

4.61
4.30

1580 1640 288(3.9)
395(4.6^

10 2-furyl

ethenyl

p-mcthoxy-

phenyl

i: 182 44.0 CmH„Os 71.42

71.69
4.79
4.51

1580 1650 298(3.9>

395(4.5)

TABLE II. 'H NMR spectra of 2-aryl-3-(5-substitutcd-2-furyl)acrylic adds*

No R Ar Iso
mer

Hnhylnlo HcKS HorMi Ha H, H.rom

£ 7.65(IHs)  5.81(lHd) 6.61(IHd) 7.24—7.48

1 lodo phenyl

Z 6.9 1(1 Hs) —
/s.4-3.6
6.77(1 Hd)

U 1 = 3.4

/a,4 = 3.6
6.65(1 Hd)

/s,4 = 3.4

7.34—7.63

(5Hm)

p-methoxy i: 7.62;lHs.) — 3.85(3Hs) 6.62(lHd) 6.96(lHd) 7.04(2H),

2 iodo Z.,4-3.6 /a.4 = 3.6 (2H)
AjBi = 7.8

phenyl z 6.79(1 Hs) 3.83(3Hi) 6.74(lHd)

/.,« "3.4

6.58(lHd)

/a,4 = 3.4

7.47(2H),
7.54(2H)

AsBj = 9.0

3 p-chloro

phenyl

p-chloro

phenyl

E 7.86(lHs) — — 6.45(lHd)

/s.4 = 3.6

6.62(1 Hd)

/s,4 = 3.6

7.17—7.57

(8Hm)

4 p-chloro

phenyl

p-methoxy
phenyl

E 7.78(IHs) — 3.86(3Hs) 6.33(IHd)

7a,4 = 3.6

6.67(1 Hd)

/•,4-3.6

7.20—7.58

(8Hm)

3 p-chloro

phenyl

wi-chloro

phenyl

E 7.60(1 Hs) — — 6.75(1 Hd)

/s.4 = 3.6

7.00(1 Hd)

/m=3.6

7.1 J—7.55

(8Hm1

6 p-chloro

phenyl

m-mcthoxy

phenyl

li 7.59(IH$) — 3.76(3Hs) 6.52(IHd)

/a.4-3.6

6.8—7.4

(9Hm)

7 p-chloro m-methyl E 7.60(1 Hsl 2.3 — 6.52(IHd) 6.95(1 Hd) 7.05—7.4

phenyl phenyl (3Hs) /s,4 = 3.6 /a.4 = 3.6 (8Hm)

8 styryl phenyl E 7.5l(IHs) — — 5.74(2Hs) Hrtbylentc On 6.54—7.29

styryl 6.18 and 5.76
(2Hd 7=16Hz)

(IOHm)

9 2-furyl phenyl li 7.68(1 Hs) — — 6.13—6.48(5Hm) 7.22—7.4

ethenyl (6Hm)

10 2-furyl p-methoxy B 7.68(1 Hs) — 3.84(3Hs) 6.17—6.52(5Hm) 6.85—7.47

ethenyl phenyl (5Hm)

a) Chemical shift given in ppm (8); coupling constants given in Hz.
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All other acids (3—10) were prepared in the last stage of the synthesis in the same

manner, but we were able to isolate only the £stereoisomer which was also detected

by 'H NMR spectra. In the case of the acids (3—7) the corresponding (5-p-chlo-

rophenyl)-2-furaldehyde was prepared first from the corresponding 5-chloroaniline

and furfural over the diazonium salt by the known method5 (Fig. 2).

  

3.At = p-chlorophenyl, 4. Ar = p-methoxyphenyl, 5. Ar = m-chlorophenyl, 6. Ar =

= m-methoxyphenyl, 7. Ar = m-methylphenyl.

Fig. 2.

From the synthetic point of view the most interesting is the synthesis of the acids

(8—10).

5-Styryl-2-furaldehyde was prepared from the corresponding l-phenyl-2-

-(2-furyl)ethen2 and subsequent Wilsmeier formylation5 (Fig. 3).

CH-CH O C ♦CH9-COOH

^H

 

 

(CaH5)3N_ JT\

COOH

Fig. 3.

 

5-[2-(2-Furylethenyl)]-2-furaldehyde was prepared by the modified aldol con

densation from furfural and 5-methylfurfural by the method described by Shapiro

and Kulnevich7 (Fig. 4).

 

(CaHa)3N

ACaO

R"

c\ ry ffK

O CH - CH O C-

H COOH

9 : R* = H, 10 : R' = />-OCH3

Fig. 4.
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Acids (8— 10) are interesting as dyes because of their absorption in the vis

ible spectrum as well as the acids which may be decarboxylated, and after re

peated Wilsmeyer formylation they can serve as the material for the repeating

Oglialoro condensation. It means that using this synthetic methods (aldol con

densation, decarboxylation and Wilsmeyer formylation) we can prolong the chain

with the ethylenic units and so prepare the new polymeric material.

EXPERIMENTAL

Melting points are uncorrected. IR spectra were taken on a Perkin-Elmer Model M—297

in KBr discs. The UV spectra were taken on a Perkin-Elmer 124 spectrophotometer using eth-

anolic solution. The lH NMR spectra were recorded on Varian T—60 or Joel J.M.M.—FX

100 FT spectrometers with tetramethyl silane as the internal reference.

Preparation of 5-bromofurfwal

5-Bromofurfural was prepared by the known method* from furfural 58 g (0.60 mol) and

bromine 100 g (0.62 mol) in benzene solution; m.p. 82—83°C; yield 28.3 g (44.8%).

Preparation of 5-iodofurfural

5-Iodofurfural was prepared by the known method* from 5-bromofurfural 13.0 g (0.074

mol) and KI 13.0 g (0.078 mol) in the acetic acid solution, m. p. 127 — 128°; yield 23.6 g (69.2%).

Preparation of 5-(p-chlorophenyl)-2-furfural

5-(p-Chlorophenyl)-2-furfural was prepared by the known method' p-chloroaniline 12.8 g

(0. 1 2 mol) was diazotized and copulated with furfural 9.6 g (0. 1 mol) under the influence of CuCIs

in acetone solution, m.p. 153—154°; yield 3.7 g (18.2%).

Preparation of 5-styryl-2-fwfural

5-Styryl-2-furfural was prepared by formylation of l-phenyl-2-(2-furyl)ethen 1.7 g (0.01

mol) and N,N-dimethylformamide 1.4 g (0.02 mol) bv the known method*. M.p. 64°; yield

(72.1%).

Preparation of 5-[2-(.2-furylet?ienyl)]-2-furfural

5-[2-(2-Furylethenyl)]-2-furfural was prepared from furfural 18.5 g (0.19 mol) and 5-

-methylfurfural 10 g (0.09 mol) in benzene solution with Na-butyrate by the known method7.

Yield 11.7g (69%).

General procedure for preparing 2-aryl-3-(5-sub$lituted-2-furyr)acrylic acids

2-Aryl-3-(5-substituted-2-furyl)acrylic acids were prepared by the known method1 from

the substituted phenylacetic acids (0.1 mol) and corresponding furaldehydes (0.1 2 mol) in a

mixture of triethylamine (20 ml) and acetic anhydride (20 ml). The mixture was heated for 45—90

min at boiling point. After the reaction was over the mixture was cooled, acidified with hydro

chloric acid and extracted with ether. The organic layer was washed with water and acids were

reextracted into 5% sodium carbonate solution. The alkaline solution of sodium salts was acid

ified to pH 6 with acetic acid. The precipitated E-isomer was filtered off and recrystallized

from methanol (yield 34—88%). To the filtrate hydrochloric acid was added and an additional

crystalline crop consisting of the corresponding Z-isomer was filtered off and recrystallized from

benzene/petroleum ether (yield 1—18%).

Acknowledgement. The financial support of the Selfmangement Communities for Scientific Work

of SR Croatia is gratefully acknowledged.
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IZVOD

SINTEZE NEKIH NOVIH 2-ARIL-3-(5-SUPSTITUIRANIH-2-FURIL)AKRILNIH

KISELINA

G. KARMINSKI-ZAMOLA i L. FlSER-JAKIĆ

Laboratorij za organsku kemiju Tehnološkog fakulteta, Sveučilište u Zagrebu, Maruliiev trg 20

41000 Zagreb

Oglialoro-vom kondenzacijom supstituiranih teniloctenih kiselina i odgovarajućih fural-

dehida supstituiranih u poziciji 5 furanske jezgre s jod, p-klorfenil-, stiril- i 2-furiletenil- sup-

stituentima, priređene su brojne nove 3-aril-2-(5-supstituirane-2-furil)akrilne kiseline.

(Primljeno 27. decembra 1982)
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The chromate complexes, obtained in the reaction of steroidal 3[3-alcohols with

pyridinium chlorochromate in CH2CI2, were treated with methanol to yield the

corresponding dimethyl acetals in the range of 40 to 100%. The saturated 3|3-alcohols

gave dimethyl acetals in good yield, while the yield of As unsaturated dimethyl

acetals was reduced due to the formation of A*-3,6-diketone.

Pyridinium chlorochromate (PCC) was used by Corey as a versatile reagent

for oxidation of alcohols to aldehydes and ketones in aprotic solvents1.

Now we wish to report that the complex obtained in the reaction of steroidld

3(J-alcohols with PCC can be destroyed by addition of methanol which resultea

in dimethyl acetal formation.

According to the easiness of dimethyl acetal formation it can be supposed

that a sufficient amount of stable chromate ester is formed in the first stage of

the oxidation.

3,3-Dimcthoxy derivatives prepared from homoallylic alcohols (cholesterol

and DA) were further quantitatively hydrolysed with 2 mol/dm3 HC1 to the cor

responding 4-en-3-ones, thus providing an alternative route for cholestenone

and testosterone synthesis.

In the reaction of A5 steroidal alcohols an appreciable amount of A4-3,6-

-diketone was formed if the oxidation was prolonged for over 40 minutes. Changing

the reaction conditions (temperature, solvent) the formation of A4-3,6-diketone

could not be avoided.

Saturated steroidal alcohols afforded dimethyl acetals in very good yields

(77—95%).

The products (4), (6) and (10) were not reported in the literature.

Otherwise, steroidal dimethyl acetals could be prepared from steroidal

ketones in refluxing methanol in the presence of various catalysts4.
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МеШпв ройка \уеге (акеп оп Воеииз РНМК аррагаШз лпй \уеге по1 соггес1еа. 1К. врелга

«теге гесогйес! (КВг реНеез ог сЫ. зо1ииоп) оп а Регкш-Е1тег 8рес1горпо1оте1ег, тсх1е1 337.

1Н ЫМК зрессга \уеге гесогйей оп а РТ-80А 8ре«готе1ег т СОС1> шш^ 1е1гатеЛу1 зНапе

аз 1п(ста1 чтапЛагс!. Спеписа1 зЫйч \\сге ехргеззеа т тегтз оГ 8(ррт) \'а1иез апЛ соирНпв

сопМатз (У) ш Нг. ТЫп-1ауег спготаЮвгарпу \уаз рег1огтед оп .ЧШсаре! О.

Сепега1 ртосеАиге: 1п а 250 т1 гоипа-Ъоиот Пазк, ецшррей >уйп а СаС11 гиЪе, 5 р о Г

Ьудгоху з1его1с! \уаз сИззоЬей т 60 т1 оГ апЬуйгоиз СНаС1а. То 1Ье «ге11 зГнгеа зо1ииоп руг-

1<11пшт сЫогосКготаСе \уаз аё^ей ш опе рогиоп (1—1.5 то1ез рег ток оГ Ьус1гоху 81его1с1).

Тпе ргортезз оГ гпе геасиоп \уаз тошюгед Ьу ТЬС. Айег 40 тт го 1.5 п 1пе хирегпагам \уаз

аесатеа ап<1 гпе Ыаск в1"11 *азЬе(1 1\уке и'кп <1гу егЬег. СотЫпеа ех(гас:з «еге еуаротей

№ Йгупезз т уасио. ТЬе гехиШпр сгу81аШпе та!епа1 «-аз геПихес! т <1г>' тегпапо' (50 т1) Гог

15 тт. СооНпр аГГогйей гпе сгу81а1з оГ (Ите1Ьу1 асе1а1.

а) 3,3-0\те1коху-сЫен-5-епе (2), 2.4 в (45%), т.р. 91—93°2; 1К ^„«х, КВг): 1660,

1120, 1100, 1060; Щ ЫМК (ррт, СОС13): 0.65 (ЗН, 8, С—18), 0.85 (6Н, а, У = 6Нг, С—26&

27), 0.95 (ЗН, а, У = 6 Нг, С—21), 1.00 (ЗН, 8, С—19), 3.10 (ЗН, 8, СНзО-), 3.20 (ЗН, 8, СШО-).

5.28 (1Н, а, У = 5Нг, С—5).
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Ь) ЗЛ-ГИтнНоху-зихтаи-5-епе (4), 2.5 в (45%) т.р. 106—108°; [а]? 4 -29.72 (с = 0.9,

сЫ); 1К. (Ут«, КВг): 1106, 1055; Щ ИМК (ррт, СОС1з): 0.70 (ЗН, 8, С—18), 0.82 (6Н, а%

^=6Нx, С—26 & 27), 0.84 (ЗН, I, 1 = 6 Нг, С—29), 0.93 (ЗН, й, / = 5 Нг, С—21), 1.00

(ЗН, 8, С—19), 3.13 (ЗН, 8, СНзО-), 3.20 (ЗН, 8, СНзО-), 5.32 (1Н, й, ] - 5 Нг, С—5). СаЫ.

1ог СзгНиО,: С, 81.16; Н, 11.87. Роипй: С, 80.84; Н, 11.64.

с) 3,3-ЕНтегНоху-аЫгои-5-епе (6), 2.3 в (40%) т.р. 165—167°; [а]? 0° (с = 1.06 сЫ.);

1Я (Чтж][, КВг): 1750, 1120, 1105, 1055; 'НШК (ррт, СОСЬ): 0.86 (ЗН, 8, С—18), 1.03

(ЗН, 8, С—19), 3.13 (ЗН, 8, СНзО-), 3.20 (ЗН, 8, СНзО-), 5.33 (1Н, а", / = 5 Нг, С—5). Са1сс1.

Гог СцНмОз: С, 7$.86; Н, 9.70. Рошк1: С, 75.94; Н, 9.48.

й) ЗЛ-ГНтегЪоху-сШшапе (8) 3.1 8 (77%), т.р. 80—81°а; 1К (ут^, КВг) 1730, 1110,

1095, 1 155; 1Н ЫМК (ррт, СОСЦ): 0.65 (ЗН, 8, С—18), 0.83 (6Н, Л, 3 = 6 Нг, С—26 & 27),

0.90 (ЗН, (1, ] = 6 Нг, С—21), 0.90 (ЗН, 8, С—19), 3.15 (ЗН, 8, СНзО-), 3.20 (ЗН, 8, СНзО-).

е) З^-йхтеНюху-б % 19-ероху-сШеИапе (10), 5.2 8 (95%), [а]? + 22.86 (с = 0.24, сЫ.) ;

Ж ^шаж, П1т) 1125, 1100; 1060, 1038; ЧН ЫМК (ррт, СОС1з) 0.73 (ЗН, 8, С—18), 0.87 (6Н,

6Нг' С—26 & 27), 0.91 (ЗН, Л, У = 6 Нг, С—21), 3.18 (ЗН, 8, СНзО-), 3.23 (ЗН, 8,

СНзО-), 3.71 (2Н, я, С-19), 3.96 (1Н, т, С-6).

АскпоаШ%етет . Тпе аиюгз аге 8га1ейа1 Со 1Ье ЗегЫап Асаёету оГ Заепсев апд Аг1з апй Ю

гпе ЗегЫап Кезеагсп Роила" Гог Ппаппа! зирроп.

ИЗВОД

ДОБРЦАНэЕ СТЕРОИДНИХ ДИМЕТИЛ АЦЕТАЛА ИЗ АЛКОХОЛА. НОВА

ПРИМЕНА ОКСИДАЦЩЕ ПОМОЪУ ПИРИДИНЩУМ ХЛОРОХРОМАТА

И. АЛэАНЧИЪ-ШОЛАДА, М. БРАЛОВИЪ, Б. ШОЛАМ и М. СТЕФАНОВИЪ

Хеыщски институт Природно-машемашичкох факулшеша УииверзишеШа у Београду и

Инсшишуш за хемщу, шехнолощу и мехйалурхщу , Беохрад.

Хроматни комплекс, ко)и наста]е оксидациям стероидних 3(3-алкохола помоКу

пиридини)ум хлорохромата у метиленхлориду, третиран )е юьучалим метанолом при чему

су доби)ени одговара)уКи диметил ацетали у приносу од 40—95% . НезасиЬени Д' стероидни

3^-алкохоли да)у нижи принос диметил ацетала (40—45%) )ер долази до конкуренте

реакци)е гра^е&а Д'-3,6-дикетона, док засиНени стероидни Зр-алкохоли да)у исюьучиво

диметил ацетале у врло добром приносу (77—95%).

(Примлено 22. марта 1983)
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА ББОГРАД

В1ЛХЕТ1Ы БЕ ЬА ЗОС1ЁТЁ СНШ1СЛШ ВЕОСКАО

48 (6) 303—308 (1983)

ОНИВ-Ш 1ГОС 547.592/.93

ОНцгпа! шешх/гс рарег

5-ВКОМО-5-ВЕОХУ-3-0-АСЕТУЬ-1Д-0-СУСЬОНЕХУ1ЛБЕЫЕ-а-0-ХУ-

ЬОРШиШОЗЕ. I. ЫЕЮНВОШШОАСЕТОХУ-ОКОЦР РАКТ1С1РАТЮЫ

БОЗАЫ МИЛКСМО, ЫАБА УиК01ЕУ1Й апа. Ц1Ц^А М1ЬЕККОУ1(!

1тгйше о/ Скетшгу, Расику о/ Зсгепсе, Шюепиу о/ ЛГос» 8аЛ, V. УШюиИа 2, У11-21000

Мял 8аЛ, УицтЫнга

5-Вгото-5-<1еоху-3-0-асе1у1- 1 ,2-0-сус1оЬехуН(1епе-а-В-ху1оЙ1гапо8е (4) «газ

зутЬеигейт веуега1 81ерв 81агип§ Йгот 1 ,2-0-сус1оЬехуИс1епе-а-Ь-ху1оЙ1гапо8е (/).

Рог гЫ8 8уп1Ьез18 рата1 е81егШсатюп аш! гшскорЫНс $иЪ$птиоп \«1Ь Ьгопиёе

юп мтсге ивей. 5оЬго1у1к геааюпз оГ 5-Ъгото-5-скоху-3-0-асе1у1-1,2-0-сус1о-

ЬехуЦскпе-а-В-хукгигапозе (4), т ргезепсе ог аЪзепсе о{ тегаШс 2п, ш Ы,М-

-<Нте1Ьу1{огтапис1е, айопкс! та1п1у 5-0-асе1у1-1,2-0-сус1оЬеху11скпе-а-В-ху1о-

гигапозе (5) Гогтео! Ьу а пе^ЬЪоиппб асеюху-^гоир рапгарагкт.

Веохупа1одепози§агз гергезепс сагЬоЬус!га*е ёепуаиуез т ^ЫсЬ Ьускоху!

^гоирз а1 розтопз оЛег Шап те апотепс опе аге гер1асес! Ьу Пиоппе, сЫоппе,

Ьгогшпе ог шсипс аготз. А сИгес* пискорЫИс сизрксетет4 о( зи1рЬопа!е езГегз

15 1пе соттопезг тетос! юг гер1асте Ьус!гоху1 дгоирз Ьу а Ьа1о§еп аЮт1»2.

1п асШтоп, а уапйу оГ геа^етз аге ауаПаЫе Гог <Игес1 гер1асещет а Ьус1гоху1

§гоир Ьу Ьа1о§епз3>4.

ВеохуЬаЬ^епози^агз сопзтше ап 1тропап1 апс! уегзаШе с1азз сот-

роижк Юг рогепйа! аррНсаиоп т зуптезез оГ отег сагЬоЬускаге скпуаиуез.

КЕ8иЬТ8 А№) Бгзсиззюы

8утЬез15 о( 5-Ьгото-5-с!еоху-3-0-асе1у1- 1 ,2-0-сус1оЬехуНс1епе-а-В-ху1о-

Гигапозе (4) Ьаз по: Ьееп с!езспЬес! т те сЬегшса1 Шегатге. 1п оиг \Уогк, 1,2-

-0-сус1оЬехуНс!епе-а-В-ху1ошгапо5е (/) Ьаз Ьееп изес! аз а згапте тагепа1

Гог гЬлз зуптезгз. ТЬе сотроипс! / Ьаз Ьееп оЬиипес! т глуо зЮрз з1атп§ {"гот

В-ху1озе, ассогсИп§ Ю а тосИПес! ргосес!ше5>в.

5упгЬез13 о{ те сотроипс1 4 18 ЬпеПу оиШпес! т те ЗсЬете 1.

Ву а рата1 юзукгюп оГ те сотроипс1 1 \укЬ />-го1иепези1рЬопу1сЫопс1е

ш соЫ рупс1те, 5-0-/>-го1иепези1рЬопу1-1,2-0-сус1оЬехуН(1епе-а-1)-ху1оГигапозе

(2) туаз оЬга^пес! 1п а у1еИ оГ 71%- Ипйег гЬезе геасиоп соп<111:10п8 р-ю1иепе-

зи1рЬопу1сЫопс1е зЬо^ес! а тагкес! зе1ес11У11у Гог рг^тагу С-5 Ьус1гоху1 ё1"011?-

Зггисгиге о{ гЬе сотроипс! 2 \уаз сопПгтей Ьу 1К, ИМК апй М зресгха.

1п 1Ье пехг з:ер Ше зесопйагу Ьус1гоху1 §гоир ел С-3 (ш сотроипс! 2) \уаз

ргогессес! Ьу асе1у1аг1оп лу^Л асе11с апЬу<1пс1е 1п рупсИпе аг гоот гетрегашге.

З-О-АссГуЬЗ-О-р-гоЫепези^Ьопу^иг-О-сусЬЬехуИйепе-а-В-хуЬГигапозе (5)

\уаз оЬШ1пес1 т а у^еМ оГ 62%. ТЬе 1К, ЫМК апс! М зресгга ргоуес! 1Ье тгго-

с1ис1!оп оГ 1Ье асегоху §гоир аг тЬе С-3 ро81110п.

303
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Зскете I.

ТНе сотроипс1 3 \газ соп\-егге<1 тго 5-Ьгото-5-с1еоху-3-0-асе1у1-1,2-0-

-с>с1оЬсху11с1спе-а-В-хз1оГигапо5е (4) Ьу пис1еорЫНс с115р1асетепг оГ »Ье С-5

Юву1оху рт°иР» импс $ск1шт Ьгот1<1е т К^-сИтегЬу1Гогта1ги<1с, ш а у^еЫ

оГ 90°,,. Зггисшге оГ Ле сотроши! 4 ттаз сотПгтес! оп сЬе Ьаз18 оГ зрссгга!

11.11.1

1п гЬс М зрссгшт оГ 5-Ьгото-5-*1соху-3-0-асегуИ,2-0-с>'с1оЬеху11иепе-а-

-П-хуЫ'игапозе {4) гЬе ГоИотпв зггисгигез Гог гЬе пит Ггадтепк аге аишпес!

(ХсЬсте 2).

(КМ5) (о>^М0) (гтуЧЯ» (гт*.97)

.'ч-Длаг 2.

\1 1 1-»с к^нпиц ч>г оиг *1ис1у «V «теге ггуцц: го икЫее а 1'га&тепыйоп ге-

пни «ч Ий- сощроим! 4 \ви\$ ттШс 2п ш геПихт$ М,М-чйт«ЬуШ)ппа1Шс1е,

|ц т к,и\чччр1и-и- о4' К». Номтеуст. оп1у а яоКЫуэтз ргосе» гоок р1асе р\тл# а

пимии ,\| рг\ч1ис1$, \\ЬкЬ « . . а с^ипш оГ 5Шса $е1. ТЬе Го11о*тл?

>>'»'Г>'"иЛ> Ч-Нспк 3) чтете йаоЬкх! лгк! йЗатЛей: 5-0-ас«у1-1^-0-сус1оЬеху11-

.1. н, р >пияпом 4 Мжяпо-Зчкожу4- 1 ^-0-с>-с1оЬеху 11ч1епс-х-0-ху 1о4ига-

ис те*лхчп о. члчпроипй 4 сотроипс1 5 аз Ле таш

ч\ р»\ч1'.и». ууЬспчцч* а чЬзрЬсстеш геасгка оГ «Ье яаггш^ Ъплшск

1о»чк |»и > * ио^пКчиги^ ачччч\\\ -спч1р рагпсхраскш. А йхтапоп оГ Де зи1е-

«\к1 / |чоК»М\ те«и1тг\1 Гпта а йеасуЬооа оГ Ас асегаху ртоир а(

г 1>»ч- " МССк* ч\чкН1>.ч1$ ровяЫу йие го а ргтеепсе оГ 2п0

шт ш ; Г».- ч,ч

с«М чжж* чЧ сЬс асеваф тхф рвгочлрвпоп Ьа\е Ъеел

мЮинмо») Йтегаките*"-* 1п оиг сазе гЬе пмсЬашзш оГ

^ВЬвКу ефЬискч! I -тгипов сч" сЬе сусБс сагЬошит
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ЗсИете 3.

1оп (4а) \дгЫсп шгтег (\ит \тагег) аЙогс!з те оппоезгег (4Ь). РшаНу, гтз т1ег-

тешаге (4Ь) 18 ггашГогтес! Ю 5-О-асеГу!- 1 ,2-0-сус1о1гехуис1епе-а-В-ху1оЛ1гапо8е

1п оиг 1а1ег ехрептетз, ^е ргоуес! та1 те зоЬчЯуис геасиоп о!" сотроипс!

4, шНаот. изт§ теГаШс 2п, ипёег гпе ёезспЪес! геасйоп сопсигюпз, аКогскс!

ехс1из1Уе1у сотроипс! 5. Тпезе ехрептепгз тшса1е та1 ргезепсе ог аЬзепсе

оГ тегаШс 2п ш К,К-штету1!огтапгис!е Ьауе по еГ!'есг оп те пашге о!" геас

иоп ргсх1ис18.

ТЪе зггисшге оГ сотроипс! 5 лтаз сопПгтеа" Ьу 1К, ЫМК. апс! М зресгга

апс! Ьу а спегтса1 ггапзюгтаиоп го тс кпо\Уп сотроипс!.

Кате1у, Ьу юзу1аиоп оГ сотроипс! 5 \«1п />-ю1иепези1рпопу1сп1опс!е т

с!гу рупсНпе 5-0-асеГу1-3-0-/>-1о1иепсзи1рЬопу1-1 ,2-0-сус1опехуНс!епе-а-В-ху1о-

{игапозе (7) \уаз оЬшпес! т а у!е1с1 оГ 70%10.

Оп те отег Напс1, те1папо1уз13 о!" сотроипс! 5, упт СНзСЖа т тетапоЬ

аЙогсЫ 1,2-0-с^с1опехуис1епе-а-Ь-ху1отгапо8е (/).

(5) (ЗсЬете 4).

 

8скете 4.
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Finally, in order to confirm chemically the structure of compound 6,

was converted to 5-bromo-5-deoxy-3-0-acetyl-l,2-0-cyclohexylidene-a-D-xylofL;

ranose (4) with acetic anhydride in dry pyridine.

All the synthetized compounds in this work (J, 4, 5, 6 and 7) have not bee

earlier described in the chemical literature and their structures were derived o:

the basis of the corresponding IR, NMR and M spectra, as well as by correspondin

elemental microanalysis. (See experimental part of this work).

EXPERIMENTAL

General Remarks. Melting points are not corrected. IR-spectra were recorded in KB

pellets on a Perkin-Elmer infrared spectrophotometer, Model 457. NMR-spectra were takci

in CDCla solutions on a Varian 60 A Spectrometer using tetrametylsilane as an internal stand

ard ; chemical shifts (delta) are expressed in ppm (s, d, t, q and m denote singlet, doublet, triplet

quartet and multiplet, respectively). Mass spectra were recorded with a Varian CH-5 spectro

meter (first number denotes the mje value, while numbers in parentheses correspond to the abun

dance of mass peaks).

1,2-0- Cyclohexylidene-5-O-p-toluene-sulphonyl-a.-D-xylofuranose (2)

p-Toluenesulphonyl chloride (4.15 g) was added to a solution of 1,2-O-cyclohexylidene-

-a-D-xylofuranoses (7) (5 g) in dry pyridine (50 cm3) and the resulting solution was allowed

to stand at 0°C for 2 h. The reaction mixture was then poured into water and acidified with 2

mol/dms HC1 to pH 1. The obtained mixture was allowed to stand at room temp, overnight.

The separated precipitate ot crude l,2-0-cyclohexylidene-5-0-/>-toluene-sulphonyl-a-D-xylo-

furanose (2) was collected, washed with cold water and dried. Recrystallization from a mixture

of CHsCla and n-hexane gave 5.9 g (71%) of the compound 2, m.p. 118—119°*.

3-0-Acetyl-l,2-0-cyclohexylidene-5-0-p-toluenesulphonyl-a.-D-xylofuranose (J)

To a solution of l,2-0-cyclohexylidene-5-0-p-toluenesulphonyl-a-D-xylofurancse (.2)

(5.92 g) in dry pyridine (20 cm3) acetic anhydride (7.25 cm3) was added. The reaction mixture

was kept at room temp, for 2 days, then diluted with water and acidified with 2 mol/dm8 HC1

to pH 1. The crude product was extracted with CHCU. After drying and evaporation of CHCla,

the residue was directly crystallized from ethyl acetate. The yield of the compound 3 was 62.6%

(4.2 g), m.p. 435 K. IR spectrum (KBr): 2940—2850, 1745, 1600, 1370, 1230, 990—810 cm~i;

NMR spectrum (CDCls) 1.4—1.8 (10H, two broad signals, from cyclohexane ring), 2.0 (3H,

s, CHs from CHsCO-group), 2.5 (3H, s, CH3 from Ts-group), 4.18—4.7 (5H, m, C—2, C—3,

C—4 and C—5), 6.0 (1H, d, C—1), 7.4—8.0 (4H, m, aromatic protons); M spectrum: 426 (5),

383 (15), 140 (50), 98 (90), 97 (100). Anal. Found: C, 56.03, H, 5.86, S, 6.84; Calc. for CjoHaeOaS :

C, 56.34; H, 6.13; S, 7.41.

3-0-Acetyl-5-bromo-5-deoxy-l,2-0-cyclohexylidene-a.-D-xylofuranose (4)

3-0-Acetyl-l,2-0-cyclohexylidene-5-0-p-toluene-sulphonyl-a-D-xylofuranose (5) (16 g) was

dissolved in N,N-dimethylformamide (560 cm3) and to thus prepared solution was added solid

NaBr (39.75 g). The reaction mixture was refluxed in an oil bath for 2 h. N,N-dimethylformamide

was then evaporated in vacuum to a dark-brown syrup. Water (200 cm3) was added and the form

ed suspension was extracted with CH2O2. After drying and evaporation of CH2CI2, the crude

product was directly crystallized from n-hexane, in a yield of 90% (11 g), m.p. 344—377 K.

IR spectrum (KBr): 2960—2880, 1745, 1370, 990—810 cm-i; NMR spectrum (CDCU): 1.6—1.72

(10H, two broad signals, from cyclohexane ring), 2.18 (3H, s, CH3 from CHaCO-group), 3.40 —

3.60 (2H, m, C—5), 4.5—4.8 (2H, m, C—3, C—4), 6.0 (1H, d, C—1); M spectrum: 335 (207),

292 (35), 140 (40), 98 (85), 97 (100); Anal. Found: C, 46.87; H, 5.70; Calc. for C13H19O5 Br:

C, 46.71 ; H, 5.69.

Solvolytic reaction of $-0-acetyl-5-bromo-5-deoxy-],2-0-cycIohexyIidene-u~D-xylofuranose (4) in

presence of Zn

A mixture of compound 4 (1.5 g), activated Zn (0.5 g) and N,N-dimethylformamide (12

cm3) was refluxed in an atmosphere of N2 for 10 h. Then DMF was evaporated in vacuum to

a syrup. The crude product was treated with chloroform, and the resulting solution was filtered

from Zn and other inorganic impurities. Finally CHCU was evaporated in vacuum to give an

oily residue. The crude product was chromatographed on a column of silica gel (50 g). Elution

with CH2CI2 afforded first the unreacted compound 4 (6%, 0.18 g) and then the pure 5-bromo-

-5-deoxy-l,2-0-cyclohexylidene-a-D-xylofuranose 6 (5%, 0.13 g). By elution with CHsCb —

ethyl acetate (8:2) 5-0-acetyl-l,2-0-cyclohexylidene-a-D-xylofuranose (J) was isolated in a
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yield of 40% (0.52 g). Finally, 1,2-O-cyclohexylidene-a-D-xylofuranose (7) was obtained by

elution with ethyl acetate — CHjClj (8:2) in a yield of 33% (0.34 g). Compound 5 was recrys

tallized firom ether-light petroleum, m.p. 365 K.

IR spectrum (KBr): 3450, 2940—2870, 1450—1260, 1140—1000, 1000—860 cm1; NMR

spectrum (CDCI3): 1.6—1.8 (10H, two broad signals, from cyclohexane ring), 2.18 (3H, s, CH3

from CHaCO-group), 3—3.5 (1H, s, OH-group), 4.3—4.50 (2H, m, C—3 and C—4), 4.5-4.70

(2H, d, C—5), 6.0 (1H, d, C—1); M spectrum: 272 (5), 140 (10), 139 (100), 97 (62). Anal. Found:

C, 57.25; H, 7.15. Calc. for C13H20O0: C, 57.37; H, 7.35.

The compound 6 was recrystalb'zed from CH2G2, m.p. 369 K. IR spectrum (KBr):

3475—3500, 2940—2880, 950—800 cm-1; NMR spectrum (CDCh): 1.3—1.8 (10H, two broad

signals from cyclohexane ring), 2.3—2.5 (1H, s, OH-group from C—3), 3.4—3.7 (2H, d, C—5),

4.3 4.7 (2H, m, C—3 and C—4), 6.0 (1H, d, C—1). M spectrum: 293 (5), 229 (90), 140 (45),

139 (85), 98 (100), 97 (80); Anal. Found: C, 44.98, H, 5.63. Calc. for C11H17O4 Br: C, 45.05,

H, 5.80.

Solvolytic reaction of compound 4 in refluxing N,N-DMF

The reaction was carried out under the same conditions as described in the previous ex

periment with Zn, whereupon only compound 5 was obtained with some uncreacted starting

compound 4, in a yield of 60% (0.89 g).

5-0-Acetyl-3-0-p-tolitenesulphonyl-l,2-0-cychhexylidene-iz-D-xyIofuranose (7)10

To a solution of compound 5 (0.5 g) in dry pyridine (20 cm3), p-toluenesulphonyl chloride

(0.4 g) was added. The reaction mixture was allowed to stand at room temp, for 48 h and then

worked up as is described for the preparation of compound 2. The crude product was recrystallized

from MeOH, in a yield of 70% (0.55 g), m.p. 409 K. IR spectrum (KBr): 2940—2860, 1770,

1600, 1370, 1230, 1200—1180, 1100, 815 cm-1; NMR spectrum (CDCI3) 1.3—1.8 (10H, two

broad signals, from cyclohexane ring), 2.0 (3H, s, CH3 from CHsCO-group), 2.5 (3H, s, CH3

from Ts-group), 4.08—4.68 (1H, m, C—4), 4.75 (1H, d, C—2), 4.95 (1H, d, C—3), 6.0 (1H,

d, C—1), 7.33—7.95 (4H, m, aromatic protons from Ts-group); M spectrum: 426 (59), 397

(12), 383 (50), 139 (100), 97 (65). Anal. Found: C, 56.31, H, 6.17, S, 7.55; Calc. for C2oH2«08S:

C, 56.34 H, 6.10, S, 7.51.

Methanolysis of 5-0-acetyl-l,2-0-cyclohexylidcne-n-D-xylofuranose (5)

A solution of compound 5 (0.25 g) in MeOH (10 cm3) and sodium methoxide (2 mol/dm3,

1 cm3), was refluxed for 1 h. Then the mixture was neutralized by HC1 (1 :1) and extracted with

CHCI3. After drying and evaporation of CHCI3, the residue was directly crystallized from benzenc-

-hexane, in a yield of 75% (0.15 g).

Aceiylation of 5-bromo-5-deoxy-ls2-0-cyclohexylidene-a.-D-xylofuranose (<5)

To a solution of compound 6 (0.5 g) in dry pyridine (10 cm3), acetic anhydride (1 cm3)

was added. The reaction mixture was allowed to stand at room temp, for 48 h and then worked

up as is described for the preparation of compound 3. The crude product was recrystallized from

»-hexane, in a yield of 60% (0.30 g), m.p. 344 K.

H 3 b o a

5-BPOMO-5-flE30KCH-3-0-AHETHJI-l,2-0-HHKJIOXEKCHJIH^EH-a-D-KCHJIO-

*yPAH03A. I. nAPTUHHIIAUHJA CYCE^HE AUETOKCH-rPyriE

flyniAH MHJBKOBHH, HAJIA ByKOJEBIIH h JLHJfcAHA MHJIEHKOBHTV

Mncuitauyui 3a xeuujy, npupoguo-MaiueMauiuuKu {fiaxyAiueiu, y'uueep3uiueui y Hosom Cagy,

B. BAaxoeuha 2, 21000 Hoeu Cog

5-BpCM0-5-fle30KCH-3-O-aueTHji-l ,2-O-mJKjioxeKCHjmfleH-a-D KCHjio<pypaH03a (4) je

cjnrreTHaoBaHa y hckojihko (paaa nojia3ehn op, 1 ,2-0-ron<noxeKCHJiHfleH-a-D-KCHJio(pypaH03e

(/). ITpH OBoj CHHTC3H Kopmuhene cy peaKiQtje napmijajme ecTepHCpHKatmje h HyKjrcodpmme

cyncTHTyimje Bpomhjthhm johom. CanBOJiHTHwa peaKirnja 5-6poMO-5-fle30KCH-3-0-an;eTHJi-

-l,2-0-iOTdoxeKCHjiHfleH-a-D-KCHJiotpypaH03e (4), y npHcycTBy hjih oflcycrBy iweTaJmor Zn

y N,N-flHMeTiiJi<hopMaMHfly, ;;aje Kao rjiaBHH rrpoiMBOfl 5-O-aueTHJi-l ,2-O-UHKjioxeKCHJniaen-

-o-D-KCHJio<pypaH03y (5) Koja HacTaje Kao nponsBOfl peaKiwje napmirjHiauHje cycejme aue-

tokch rpyne y jeflHH>e&y 4.

(npHMJbeHO 22. MapTa 1983)
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The main components of the fraction of branched and cyclic alkanes isolated

from the bitumen of Aleksinac oil shale were found to be aliphatic and polycyclic

isoprenoid compounds. Among the aliphatic isoprenoid alkanes all the members of

the C15 to C20 homologous series were identified, except the C17 isoprenoid alkane.

The following polycyclic isoprenoid compounds were identified : C27 to Cj9 steranes,

methyl-C»9 sterane, pentacyclic Cj7 to Cas triterpanes (except Css) of the hopane and

probably lupane type, and the bicyclic tetraterpane perhydro-(3-carotane. The

possible biological and geochemical sources of identified compounds are discussed.

In sediments, higher aliphatic and cyclic isoprenoid alkanes of sterane and

triterpane type represent reliable biological markers. They were found in many

of the crude oils and ancient sediments1. Since biolipid steroids and triterpenoids,

the precursors of geolipid steranes and triterpanes, are most often characteristic

for specific plants and animals, the distribution of the corresponding geolipid

molecules may be indicative for the kind of precursor material, its accumulation

and preservation. On the other hand, sedimentation conditions were different

depending on the location and geological time. As a consequence, it is probable

that sediments today contain characteristic sets of biological indicators. Therefore,

e.g., the composition of sterane and triterpane fractions of sediments and crude

oils may serve as basis for the correlation of crude oils with their source rocks,

particularly because steranes and triterpanes are sufficiently resistant towards

various thermal and microbiological influences. Otherwise, they should suffer

more changes on their way from the source rock to the reservoir.

As far as the shale from Aleksinac (Yugoslavia) is concerned, the hydro

carbon fraction, which involves isoprenoid constituents, has been examined only

partially. In addition to n-alkanes Cm—C37, with a dominance of odd-carbon-

-numbered members, and a homologous series of /so-alkancs, in the thiourea

adduct of the fraction of branched and cyclic alkanes only isoprenoid aliphatic

alkanes 2,6,10,14-tctramethylpentadecane (pristane) and 2,6, 10,1 4-tetramethylhexa-

decane (phytane), as well as the C27, C28 and C29 steranes of the 5aH-serie;;, were

identified2.

The thiourea non-adduct of the alkane fraction has not been studied earlier-

Investigation of this fraction will be reported in this paper.

309
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EXPERIMENTAL

The oil shale sample from Alcksinac was powdered to — 100 mesh. It contained 20.44°c

organic matter3.

Column chromatography was carried out on silica gel (Kieselgel 60 reinst, 0.063 O.O^

mm, Merck), activated at 110"C for 4 h, and on neutral alumina (type 507C, Fluka, Brockmanr

activity I).

Gas chromatographic (GC) analyses were performed under several different conditions:

1) Packed stainless steel column 3m X 3mm, with 5% Dexil 300 on Chrom W HP, 80/100

mesh; nitrogen carrier gas, 20cm3/min; injector and FID detector temperature 300—320°C;

programmed column temperature 100—330° at 2—10°/min.

2) Capillary column (25m, glass, SE-30); nitrogen carrier gas; Ros injector and FID de

tector temperature 300°; programmed column temperature 80—300° at 2°/min.

3) Preparative gas chromatography: stainless steel 2m x 6mm column, 3% SE-30 on

Varaport 30, 100/120 mesh; hydrogen carrier gas, 60 cm3/min; injector temperature 290—310°;

TC detector temperature 300-—320°; programmed column temperature 150—310°.

Mass spectra of the total mixture of branched and cyclic alkanes as well as individual frac

tions of this mixture, isolated by preparative GC, were taken on a Varian MAT CH-5 mass spec

trometer (MS).

Gas chromatographic-mass spectrometric analyses (GC-MS) were carried out on a Varian

Aerograph 1200 gas chromatograph (packed column) coupled to a Varian MAT CH-5 mass

spectrometer. For GC-MS analyses a system of a capillary GC column coupled to a Kratos MS

25 mass spectrometer was also used.

Infrared spectra (IK) were taken in CCU or in KBr on a Perkin-Elmer 337 spectrometer.

Isolation and analysis of branched and cyclic alkanes

Branched and cyclic alkanes were isolated in two parallel experiments, using two different

procedures, according to the scheme as outlined in Fig. 1. The two isolation and identification

procedures differed slightly. Different methods were used in order to improve isolation and iden

tification efficiencies.

Two methods were used for isolation of the bitumen: (a) 100 h Soxhlet extraction with

benzene; and (b) ultrasonic treatment of the shale dispersed in benzene (5 times 10 min; ultra

sonic generator Dawe Instruments, type 7530A) followed by 40 h Soxhiet extraction.

Saturated hydrocarbons were isolated in two different ways : (a) by direct silica gel column

chromatography of the bitumen (bitumen to SiC*2 ratio 1 :100), using petroleum ether (40—70°)

as eluent; and (b) by preliminary preparation of a n-pentane extract of the bitumen (bitumen

to n-pentane ratio 1 :50 at 0° for 64 h) followed by column chromatography of the pentane

extract on alumina and silica gel (bitumen :Al203:SiC"2 ratio 1:60:200), using petroleum ether

as eluent. The chromatography was controlled by IR spectroscopy (100 cm3 portions).

The H-alkanes were separated from the branched and cyclic alkanes with molecular sieves

5A Linde (alkanes to molecular sieves ratio 1 :30 or 1 :60). In one of the experiments the fraction

not adsorbed by molecular sieves was purified by urea adduction.

The mixture of branched and cyclic alkanes was treated with thiourea*. The thiourea

non-adduct was analyzed in this paper. Moreover, in one of the experiments the thiourea non-

adduct was further separated with molecular sieves 10X5, into two fractions. Investigation of

the non-adsorbed fraction will be reported in this paper.
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OC-MS

Fig. 1. Isolation scheme

RESULTS AND DISCUSSION

Quantitative data for the two experiments arc presented in Table I. The

yields in the first experiment were somewhat higher, although the differences

were not big. The benzene soluble bitumen of the examined shale sample con

tained ca. 12% of alkanes consisting of over 70% of branched and cyclic

alkanes. The thiourea adduct represented practically 50% of the branched/cyclic

fraction. A smaller part of the thiourea non-adduct (14%) consisted of molecules

which could have been separated with molecular sieves 1 OX. Under the conditions

used for the separations, the molecular sieves 10X non-adsorbed part still contained

certain amounts of pristane and phytane (2.5 and 6.5%, respectively).
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TABLE I. Quantitative data for the two experiments

Experiment

Amount of extracted shale, g

Yield of bitumen

g

% of total organic matter

% of sediment

n-Pentane soluble portion

g

% of bitumen

Alkane mixture

g

% of bitumen

Branched and cyclic alkanes

g

% of bitumen

% of alkanes

Urea non-adduct

g

% of bitumen

% of branched/cyclic alkanes

Thiourea non-adduct

g

% of bitumen

% of branched/cyclic alkanes

% of alkanes

Molecular sieves 10X non-adsorbed

g

% of branched/cyclic alkanes

% of alkanes

% of bitumen

891.00

2.2401

1.23

0.25

0.2748

12.27

0.2362

10.54

85.95

0.1716

7.66

72.65

0.1321

5.89

55.93

48.07

2040.30

4.5237

1.09

0.22

3.8691

85.53

0.5238

11.57

0.3744

8.28

71.47

0.1896

4.19

50.64

36.20

0.1609

3.56

42.97

30.71

The approximate composition of cycloalkanes in the thiourea non-adduct

was revealed by comparison of the mass spectrum of the total mixture (Fig. 2)

with literature data6. In addition to the basic triterpane ion mjz = 191, the mass

spectrum contained the following ions: mjz 370, 398, 412, 426, and 440, corre

sponding to molecular ions of triterpanes C27H46 to C32H56 (Fig. 3, I a-e), except

 

Fig. 2. Mass spectrum of the thiourea non-adduct of the mixture of branched and cyclic

alkanes
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m/z 217.218

,n m/z Ht9;177;191;205;2l9(a-e)
 

m m/z 191

a) R - H (trisnorhopane)

b) R = C^Hj (norhopane)

c) R - i so CjH^ (hopane)

d) R = sec C^Hg (homohopane)

e) R - sec C5HM (bishomohopane)

 

II

m/z 1 J«9 ; 1 5 1

a) R = H

b) R - CHj

c) R - C2H5

 

III

Fig. 3. Identified triterpanes, steranes and tetraterpane

C28H48. The sterane basic ion m\z 217, as well as molecular ions of C28H50 and

C29H52 steranes, mjz 386 and mjz 400, respectively (Fig. 3, II b, c), were also

 

Fig. 4. Gas chromatogram obtained by

preparative GG analysis of the thiourea

non-adduct from experiment (1)
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noticeable. In the region of higher mass fragments, in addition to a series of five

ions of even mass, mjz 542—550, the ion of mass mjz 558 was also observed, which

corresponded to the molecular ion of perhydro-fi-carotane (Fig. 3, III).

The thiourea non-adduct from the first experiment was separated by pre

parative GC into 14 fractions. GC peaks 1—5, Fig. 4, corresponded to a homol

ogous series of aliphatic isoprenoid alkanes C15—C20 except C17. Molecular

ions in the mass spectra of individual GC chromatographic peaks are presented

in Table II.

TABLE II. Molecular ions in the mass spectra of GC peaks in Fig. 4

No. of peak

in the chro-

matogram in

Fig. 4

Molecular ions

Aliphatic isoprenoid

alkanes

C15, Cu, Cis, Cib, C20

Steranes

C27, Css, Cs»

Triterpanes

Ci7, Cj», Cso, Csi, Cs*

Tetra-

terpane

Co

1 212

2 226

3 254

4 268

5 282

6 372 386 400 370

7 386 400 370 398

8 386 400 398 412

9 412

10 398 412

11 412 426

12 426 440

13 542—550

14 558

The molecular sieves 10X non-adduct, obtained in the second experiment,

was analyzed by capillary GC-MS. Most of the mass spectra contained enough

data for the determination of the stereochemistry of the sterane and triterpane

constituents, i.e. the mode of binding of the rings A/B and C/D with the steranes,

and D/E with the triterpanes. The identifications are listed in Table III.

The finding of a number of various Q>8 and C29 steranes is not surprising

because it is known7-8 that, in addition to relatively stable steranes having a con

figuration of biological precursors, such as 5aH (more seldom 5(3H), 8(3H, 14aH,

17aH, 20R, in ancient sediments thermodynamically more stable isomers may

be found. They are formed by epimerization at C-14 (14fJH i.e. C/D cis). Gallegos6

and Mulheirn and Ryback8 used mass spectrometry for differentiating isomers

at C-5 and C-14. Thus, in the mass spectra of steranes having rings A/B in trans

position (5aH), the intensity of the fragmentation ion mjz 151 is smaller than

the intensity of mjz 149, so that the ratio of these two intensities is 0.12—0.40,

while with the A/B cu (5(3H) steranes the ratio m\z 151/149 is greater than 1. The

mode of binding of C/D sterane rings may be established on the basis of the ratio

of intensities of fragmentation ions mjz 217 and 218: for C/D trans (14aH) m\z

218/217 is 0.40—0.80, and for the C/D cis (14pH) this ratio is above 1. Mass spectra

having mjz 218/217 ratio between 0.80 and 1 were attributed to a mixture of 14aH

and 14(3H isomers. In a similar way mixtures of isomers 5aH and 5|3H7'8 gave

spectra with mjz 151/149 ratio 0.40—1.
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TABLE III. Mass spectrometric identifications of steranes and triterpanes

Number of peak in the capillary GC chromatogram

~2 3 4 5 6 7 8 9 10 11 12 13

Steranes

Ratio of intensities of

fragmentation ions m\z

151/149

218/217

Kind of linkage of the

rings

A/B

CH—5)

C/D

CH—14)

Caa C28 Ca9 Ca» C29 4-Me

0.40

0.78

0.64

1.21

0.15

0.76

0.33

1.40

trans trans

+ as

(a) (a+p) (a)

trans cis trans cis

+ cis + cis

(oc + P) (P) (a + p) (P)

C29

0.36

0.83

0.25

0.72

trans trans trans

(«0 («)

trans trans

+ cis

(« + P) («)

Triterpanes

Ratio of inten

sities of frag

mentation ions

m/z

191/n

Kind of linkage

of the rings

D/E

(H—17)

Ci7 Cj7

1.55 0.60

cis ?

0=0

C29 C80 C29 Cso C30 Cji Css

Cso C31 C31

1.26 — 1.69 5.3 3.9 0.64 1.38

cis — ? ? ? trans cis

(«) (P) («)

Comparison of MS data from Table III with literature data showed that

all C27 to C29 sterane mixtures contained at least one C/D cis (14(JH) isomer: peaks

1, 3 and 5 contained mixtures of C/D cis and C/D trans isomers (m/z 218/217 =

= 0.76—0.83) while peaks 2 and 4 consisted of only C/D cis isomers of Cas and

C29 steranes (m/z 218/217= 1.21 and 1.40, respectively).

One of the C/D cis isomers of both C28 and C29 steranes had shorter retention

times than the corresponding C/D trans isomer. This corroborated literature

data7: isomers having configuration of precursor biolipid molecules have the

longest retention times.

Except in peak 2 (Table III), which contained a mixture of A/B trans (5aH)

and A/B cis (5(JH) sterane isomers, A/B cis sterane isomers were not identified.

This may be explained by the fact that 5(3H isomers are more rarely found in

biolipids than the 5aH isomers. Moreover, 5(5H isomers are thermodynamically

less stable than the 5aH isomers, so that one should not expect their genesis in

any considerable amount in the course of maturation changes.

Only one methyl-sterane, C30H54, was identified on the basis of the mass

spectrum of peak 8, which, in addition to fragmentation ions distinctive for C30

triterpanes, contained the ion m\z 163, characteristic for methyl-steranes. 4-Methyl-

-steranes were identified in the Messel shale, a Miocene lacustrine sediment,

together with the corresponding 3-ketones and 3-alcohols9.

According to GC-MS analysis (Table III), the triterpane fraction contained

all the members of the hopane homologous series from C27 to C32, except C28.

More specifically, the triterpane fraction consisted of two isomers of C27 and C29,

■
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four isomers of C30, three isomers of C31, and one isomer of C32 triterpanes. Iden

tifications of individual stereoisomers were based on a known fact10 that isomers

with all rings in trans position (these isomers are found in biolipids) give, in prin

ciple, mass spectra in which the fragmentation ion w is of a higher intensity

than the fragmentation ion m (Fig. 3, I), and that with D/E cis (17aH) isomers

the ratio of intensities is m/n>l. Stereoisomers characteristic for biolipid triter

panes, 17(JH, 21(SH, are thermodynamically unstable, because the trans position

of rings D and E produces a deformation of ring E, as a consequence of mutuaJ

interaction of the methyl group at C-18 and the aliphatic chain at C-21. Epimeri-

zation of the chiral centre at C-17 produces stable 17aH, 21(SH stereoisomers,

without steric hindrance. Stable isomers were found in many crude oils, ancient

sediments and recent matured sediments1012. Therefore they could be called

geolipid triterpanes and may be used as diagenetic-maturation indicators. The

finding of 17<xH, 21 pH (D/E cis) C29—C31 triterpanes in recent sediments, e.g.,

in a lacustrine sediment in England and a marine sediment in the Baltic sea1 2

represents an exception and provides a basis for assumption that 17aH config

uration may be formed in early diagenetic stages in some geological environments9.

On the basis of mass speatra it was not possible in this paper to determine

the configuration of the rings D/E for the C27 triterpanes of peak 3, C29 triterpanes

of peak 9, and C31 triterpanes of peaks 10 and 1 1, because of the presence of another

compound in the same peaks, producing the same fragmentation ions. Four iso

mers of the triterpane C30 suggested that in addition to the less stable 17{JH, 21 pH-

hopane isomer, the more stable 17ocH, 2ipH-hopane and 17pH, 21otH-moretane,

the mixture contained one more C30 pentacyclic triterpane, probably lupane,

whose mass spectrum does not differ much from mass spectra of compounds of

the hopane series. However, for a more reliable identification of these four C30

triterpanes a more efficient GC column should be necessary, as well as authentic

compounds for GC coinjection.

The identification of the tetraterpane perhydro-(3-carotane was based on

the retention time and mass spectrum of peak 14 (Table III). According to the

identified tetraterpane, the Aleksinac shale was more like the Eocene Green River

shale which also contained perhydro-p-carotane4-6, than the Miocene Messel

shale in which acyclic lycopane was identified9. Such differences probably orig

inate in different participation of various carotenoids in the biolipids of the flora

and fauna whose remains were incorporated into the sediments.

CONCLUSIONS

Branched and cyclic alkanes isolated from the hydrocarbon fraction of the

bitumen from Aleksinac shale represent a very complex mixture. The main com

ponents were shown to be aliphatic and polycyclic isoprenoid compounds. Arnong

the aliphatic isoprenoid alkanes, all the members of the C15 to C20 homologous

series were identified, except the C17 alkane: 2,6,10-trimethyl-dodecane (farnesane),

-tridecane, and -pentadecane, 2,6,10,14-tetramethyl-pentadecane (pristane), and

-hexadecane (phytane). The following polycyclic isoprenoid compounds were

identified: C27 to C29 steranes, methyl-C2» sterane, pentacyclic C27 to C32 triter

panes (except C28) of the hopane and probably lupane type, and the bicyclic tetra

terpane perhydro-(J-carotane.
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The identified isoprenoid hydrocarbons, as biological indicators, provide

a reliable organic-geochemical proof of biogenic origin of the bitumen constit

uents of the Aleksinac shale organic matter. Moreover, the composition of iden

tified alkanes suggests that the sedimentation environment was rich in high plants

whose remains contained precursors such as phytol from chlorophyll, phytosterols,

triterpenoids and carotenoids.

However, it is quite possible that a certain number of identified triterpanes

of hopane type orginate in lower, procaryotic organisms. Hopane oxygen com

pounds were identified recently in such organisms10. Procaryotic organisms might

have taken part in early diagenetic microbiological transformations of the sedi-

mented organic matter.

On the basis of the identified thermodynamically stable sterane and tri-

terpane stereoisomers, nonspecific for biological molecules: 5pH, 14(3H-ergostane,

5aH, 14(lH-cholestane and -sitostane, 17aH, 21|3H-trisnorhopane, -norhopane and

-bis-homohopane, it is possible to speculate about the type of later diagenetic-

-maturation changes of the organic matter of Aleksinac shale.
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H3BOJI

II30nPEHOHJI.HH yrJbOBOflOHHUH y AJIEKCHHAHKOM BHTYMHH03HOM

UIKPHJblI,y

MHPJAHA IUAEAH, 5KHBOCJIAB TEIflWE k OTArOMHP BHTOPOBHH

XeuttjcKu UHciauuiyui npupogHo-htameMammKoi fancyziuieuia yHueepsuiueCua y Eeoipagy u

Hnciuuiuyui 3a xeuujy, uiexHoAoiujy u Mewajtypiujy , Beoipag

HaljeHO je a* cy ajiiicbanmHH h noJiHUHKJimiHH H3onpeHOHflHH anKami rjiaBHH cacrojqH

<t>paKUHje paMBacTHX h UMKjnmHHX ajiKaBa SfrryMCHa ajieKCHHaqKor mxpwbqa. Ojx ajiH(pa-nm-

hbx H3orrpeHOHflHHX ajiKana HAeHTHipHKOBaHH cy cbh MJiaHOBii xoMOJioror HK3a ofl C1B AO

Clt, ceiw C17, a oa nojmuHKjnrwHx H3onpeHOHAHHX ajncaHa C27-C„ CTepaHH, MeTHJi-CJt crepaH,

neHTamiKjmMHH C,7-C,j TpHTepnaHH xonaHOBor h jiynaHOBor rana, ceiw C28, h 5huhkjihtoh

TCTpaTCpnaH nepxHApo-p-KapoTaH. Rare cy npeTnocTaBKe o Shojioiokom h reoxeiymjcKOM no-

peKJiy HAeHTHCpHKOBaHHX )eAHH>eH>a.

(IlpHMjbeHO 16. MapTa 1983)
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GLC-based liquid-gas activity and partition coefficients are presented

for aliphatic, alicyclic, aromatic, and chloroaliphatic solutes (A) at infinite dilution

with nine blends each of n-octadecane (OD) and tetra-n-butyltin (TBT) solvents

(B) with n-hexadecyl iodide (HDI) additive (C) over the volume-fraction range

0 — 0 to 1 at 35° to 45°C. The fully-corrected activity coefficients of n-pentane,

n-hexane, n-heptane, and benzene solutes with the pure phases OD and HDI agree

to within ± 1—2% with those published elsewhere. The range of y" covers 0.671

(cyclohexane with TBT) to 1.815 (1,2-dichloroethane with OD); the solute-solvent

interactions hence span modestly negative to positive deviations from ideality. Plots

of Ki,u) (M = B 4- C) against Ob are everywhere curved positively, although the

extent of deviations from linearity nowhere exceeds 2%. The curves for combi

nations of HDI additive with the pseudo-spherical medium TBT are virtually

indistinguishable from those found for HDI with the pseudo-linear solvent OD;

that is, cybotactic behavior of the former system could not be detected. The ex

perimental interaction parameters xc<b> cover only a small range (0.1 1 1 for n-pentane

with OD/TBT to 0.646 for dichloromethane with OD/HDI) which nevertheless

present discernible trends.

Conventional treatments1 of ternary non-electrolyte blends A + B + C

(with A at infinite dilution) result quantitatively in equations of the general form2 :

where /CR<M) (M = B + C) is the liquid-gas partition coefficient of solute A

at infinite dilution with blends of the solvents B and C of volume fractions 0,

and where ATR«) (» = B or C) pertains to a pure liquid. Vi (i = A or C) is a molar

volume, and xc<b> is a Flory-type interaction parameter3 for C with B. In all in

stances other than those pertaining to n-alkanes, values of x are derived from

experimental data as empirically-fitted parameters.

In contrast to the above, Laub, Purnell, and Vargas de Andrade4-5 demon

strated that the bulk of published data support within only moderate limits of

approximation the simple relation

C.-F. CHIEN and R. J. LAUB*

(Received 7 March 1983)

In K°(m> = 0b lnKR(B) + 0c 1nKR(C> +( FA/FC) xc(b) 0b0c (1)

KR(M> =0bKR(B) +0CKR(Q (2)
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Since eqn. (2) was shown to apply to several thousand ternary mixtures, including

blends of w-alkanes6 to those exhibiting consolute temperature7, Laub and Purnell

christened the relation the diachoric solutions hypothesis and the extension of

it to molecular complexing the microscopic partition (MP) theory of solutions5.

Experiment2-8 has since shown that even in those instances where plots of ATp^M)

of indisputable accuracy9 against 0 are curved, supposition e.g. of self-association

of one of the solvent components10 with appropriate extension of eqn. (2) provides

fits of the ^Cr(M) data for interactive (haloalkane, aromatic) as well as supposed

inert (alkane) solutes to better than ± 1.5%. In contrast, extension of eqn. (1)

to include stoichiometric 1:1 or 2:1 association of A or B with C fails to converge

for the same systems, even with arbitrarily-chosen values of sociation constants

taken at intermediate solvent compositions2'8-11.

Of the arguments voiced in opposition12 to eqn. (2), presumably the most

telling is that it can be derived only on the basis that B and C are completely ideal

or completely immiscible. Furthermore, while molecular aggregation (cybotaxis)

has been observed in systems of liquid crystals13, soap solutions14 and other mixture

types15, the phenomenon has not heretofore been thought to apply to those (simple)

systems considered in refs. 4 and 5. Moreover, difficulties frequently arise in

experimental utilization16 and associated data treatments17 of small-molecule sol

vents considered "appropriate" for direct evaluation of the premise of aggregation.

Generally, such materials are volatile and/or give rise to gas-liquid interfacial

(Gibbs) adsorption. Exceptions to this appear to be n-alkyl iodide liquids. For

example, the low-angle x-ray diffraction studies by Brady18 suggest that n-octyl

iodide in the pseudo-spherical medium decalin is aggregated in concentrations

as low as 5 mol % to the extent of about 80%. Aggregation is also said to reach

completion for w-alkyl iodides of ten to twenty carbon atoms for which the inte

grated scattering intesity per mole fraction of halogen is essentially constant.

Aggregation was not observed, however, when a pseudo-linear (e. g. n-alkane)

solvent was employed. We therefore chose in this work to examine blends of n-

-hexadecyl iodide (HDI) additive (C) with the solvents (B) tetra-w-butyltin (TBT)

and «-octadecane (OD), the former representing a nearly spherical medium while

the latter exists as chains which are taken to be similar in configuration to HDI.

For comparative purposes, mixtures of TBT with OD were also examined, where

in each case eleven compositions ranging from 0=0 to 1 were used. The solute

probes chosen for the study include aliphatis (n-pentane, n-hexane, n-heptane),

alicyclic (cyclohexane, methylcyclohexane), aromatic (benzene, toluene), and chlo-

roaliphatic (dichloromethane, chloroform, carbon tetrachloride, 1,2-dichloroethane)

hydrocarbons over the temperature range 35°—45°C (for which solvent volatility

is negligible). The results obtained here thus provide further and important supple

mental evidence regardings eqns. (1) and (2), since the solute-solvent combinations

range from those where some form of hydrogen-bonding would ordinarily be antici

pated to those for which little if any specific interactions can be envisaged. The

importance of this assessment with regard to analytical applications of eqn. (2)

(e. g. ref. 12) thus is likely also to be significant.

EXPERIMENTAL SECTION

The equipment, techniques, and procedures relevant to high-precision data acquisition

by gle have been presented elsewhere9'16; the instrument utilized in this work was identical to

that reported by us previously8. Tetra-n-butyltin (TBT) was obtained from Aldrich and was
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distilled under vacuum prior to use. n-Octadecane (OD) from ChemSamCo., n-hexadecyl iodide

(HDI) from Pfaltz and Bauer, and the solutes (reagent-grade) were employed as received. Packings

of e-increment of 0.1 from 0b = 0 to 1 were prepared by rotary evaporation with 60/80-mesh

Chromosorb G (acid-washed; treated with dimethylchlorosilane) and were displaced by suction

into 6-mm i.d. tubes of stainless steel or nickel of length 1 to 2 m. The total mass of column liquid

Tea. 5% w/w throughout) was assessed for each column to < ± 1% relative standard deviation

by ashing (mixtures of HDI/OD) or by exhaustive extraction followed by ashing of the extracted

support (mixtures of HDI/TBT and of OD/TBT). Columns containing liquid loadings of 10%

w/w of XBT, HDI, and OD were routinely employed to test for gas-liquid interfacial adsorption

as well as sample size effects; the partition coefficients obtained corresponded to within exper

imental error with those found with the lighter loadings, and all peaks were symmetric.

The properties of the pure compounds are listed in Table I, the solute and solvent molar

volumes and Antoine constants being taken from the compilations of Dreisbach19 and Boublik

Fried, and Hala20. Solute second virial coefficients Baa were calculated as usual from the relation

of Guggenheim and Wormald21

Baa = Vc 0.430-0.886 f^j - 0.694 (y\ - 0.0375 (3)

TABLE I. Properties of the Pure Compounds at 35° — 45°C

V/an' mol"-l p°/torr —Baa/cm' mol"-I

compound 35* 40" 45° 35° 40° 45° 35° 40° 45°

n-pentane 118.0 118.9 119.9 732.5 867.2 1020 1099 1055 1013
fi-hexane 133.5 134.4 135.4 229.5 279.4 337.7 1726 1650 1579

n-heptane 149.3 150.3 151.2 73.82 92.51 114.9 2585 2462 2348

cydohexane 110.1 110.7 111.4 150.5 184.7 224.9 1544 1479 1420

methylcyclohcxane

benzene

129.8 130.5 131.3 73.62 91.57 113.0 2081 1987 1900

90.50 91.07 91.63 148.3 182.8 223.5 1351 1294 1242

toluene 108.0 108.6 109.2 46.78 59.14 74.12 2154 2055 1962

dichloromethanc 65.45 65.92 66.40 639.6 766.7 913.1 623.5 600.3 578.5

chloroform 81.04 81.22 81.41 291.3 352.8 424.2 1107 1062 1019

carbon tetrachlororidc 98.31 98.92 99.54 176.0 214.9 260.6 1537 1469 1406

1 ,2-dichloroethane 80.38 80.86 81.35 124.8 154.8 190.5 1074 1029 986.1

n-octadecane 330.0 331.4 332.8
tetra-n-butyltin 334.6 336.1 337.5

n-hexadecyl iodide 317.9 319.2 320.4

where the critical volume V<- and temperature Tc were taken from ref. 19 and where the carbon

number n was estimated after the fashion of McGlashan and Potter22.

Solute retentions were converted to fully-corrected partition coefficients via the relation

(e.g. ref. 16)

Kn =;Fot;/Ks (4)

where j is the James-Martin carrier (helium) compressibility correction factor, Fe is the volume

flow rate adjusted to the column temperature, li is the adjusted retention time, and Vs is the

column liquid-phase volume. Evaluation of the densities of pure and blended solvents with a

Mettler Paar DMA 45 density meter failed to reveal mixing volumes of in excess of 0.1%, whence

the relation

Pm = 0b pB + ac pc (5)

was employed to calculate Vs. Since the carrier was helium at less than 1 atm inlet gauge pressure,

cross virial corrections were trivial and measured partition coefficients Kk corresponded to those

at zero column pressure drop Ki. Plots of In K$. against T'1 were used to temperature-smooth

the data, where only rarely (dichloromethane, n-pentane solutes; Ki < 100) did the linear Ieast-

-squares regression correlation coefficients r fall below 0.9995. Fully-corrected solute activity

coefficients at infinite dilution Ya were then calculated from the relation
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RT f (flAA-FA)Pll

IC = i——— exp

where Va and Ka are molar volumes and where p° 's tne solute bulk vapor pressure.

RESULTS

We report in Table II the partition coefficients of all solutes at the indicate*!

temperatures with each pure phase and with nine blends each of TBT/OD, HDI/OE>,

and HDI/TBT. In order to assess the accuracy of the data of this study, we compare

TABLE II. Solute Partition Coefficient! with Indicated Pure an B'ended Solvent! at 35°C to 45°C

A. Tetra-n-butyltin (TBT)/n-Hexadecyl Iodide (HDD: 35°C

0TDT

jolute 0 0.100 0.200 0.300 0.403 0.501 0.600 0.700 0.800 0.897 1

n-pentane 79.82 82.82 84.73 87.60 90.09 91.47 93.41 95.32 97.32 99.17 99.62
n-hexane 243.5 252.0 257.0 266.0 273.8 275.4 283.6 288.6 293.1 298.0 301.4
n-heptane 726.9 753.7 770.2 796.5 815.1 823.1 847.4 859.8 873.5 883.9 890.3
cyclohexane 480.3 493.1 503.7 519.8 530.7 536.2 546.7 556.6 561.2 567.4 572.8
methylcyclohcxanc 947.9 972.1 991.2 1022 1043 1053 1074 1093 1103 1116 1122
benzene 327.2 526.2 516.4 512.2 502.0 492.6 486.2 476.2 459.8 447.8 440.9
toluene 1701 1691 1657 1638 1604 1550 1325 1481 1435 1387 1333
dichloromethane 105.9 104.9 103.7 101.0 99.69 96.47 94.47 91.89 89.21 86.67 85.95
chloroform 289.4 288.1 284.1 281.9 278.4 271.4 266.8 263.1 254.1 249.9 245.9
carbon tetrachloride 472.6 481.2 480.8 486.7 487.9 487.9 486.3 485.8 481.6 481.3 481.0
1,2-dichlorocthane 390.7 385.5 377.0 370.7 362.2 349.2 340.5 331.3 317.8 308.9 305.1

B. Tetra-n-butyltin (TBT)/«-H«adecyl Iodide (HDI): 40°C

0-,

solute 0 0.100 0.200 0.300 0.400 0.501 0.601 0.700 0.800 0.897 1

n-pentane 68.82 71.44 72.56 75.75 77.41 78.99 80.74 82.51 83.75 85.64 86.50

n-hexane 204.2 211.3 214.9 223.6 228.6 231.2 237.9 241.1 245.7 249.7 251.9

n-heptane 592.0 613.0 625.8 648.7 662.0 669.6 688.8 699.3 709.2 717.7 721.6

cyclohexane 399.7 410.9 419.7 432.9 441.2 444.6 454.9 462.5 466.4 471.3 474.5

mcthylcyclohexanc 774.7 795.6 812.3 837.5 853.1 859.3 879.5 893.3 900.9 910.8 913.9

benzene 438.4 435.3 429.2 426.0 417.7 409.5 403.8 397.1 384.7 374.7 367.8

toluene 1365 1360 1330 1319 1291 1249 1231 1199 1159 1123 1095
dichloromethane 91.70 90.82 88.88 87.66 86.13 83.56 81.87 79.53 76.99 74.97 74.76

chloroform 243.7 242.2 238.5 237.5 234.4 228.4 225.6 221.7 214.1 21 1.0 207.8
carbon tetrachloride 394.5 399.3 400.4 405.0 405.8 406.3 405.4 405.7 401.7 401.3 401.7

1,2-dichloroethane 326.8 321.9 314.8 310.6 303.2 293.0 286.1 278.3 267.4 260.5 257.2

C. Tetra-n-butyltin (TBT)/n-Hexadccyl Iodide (HDI): 45°C

0TBT

lolute 0 0.100 0.200 0.300 0.400 0.501 0.601 0.700 0.800 0.897 1

59.6) 61.90 62.45 65.80 66.83 68.52 70.11 71.75 72.41 74.29 75 44
n-hexane 172.2 178.1 180.7 189.0 192.0 195.1 200.7 204.2 207.2 210.4 211 8

n-heptane 485.2 501.8 511.7 531. < 541.2 548.3 563.5 572.5 579.6 586.6 588.7

cyclohexane 334.4 344.3 351.7 362.6 368.9 370.7 380.7 386.6 389.9 393.7 395 4

methylcyclohexane 637.1 655.2 670.0 690.4 701.9 705.5 724.5 734.5 740.8 748.0 749 4
benzene 366.7 362.3 358.9 356.3 349.6 342.5 337.3 333.1 323.6 315.2 308 5

toluene 1103 1101 1075 1070 1046 1014 1001 976.8 942.0 915.9 892 6

dichloromethane 79.76 79.01 76.56 76.43 74.76 72.71 71.27 69.15 66.74 65.16 65 32

chloroform 206.4 204.8 201.3 201.1 198.3 193.2 191.8 187.9 181.5 179.1 176 5

carbon tetrachloride 331.1 333.3 335.4 331.1 339.4 340.3 339.9 340.8 337.0 336.5 337 4

1,2-Jichloroethanc 274.9 270.4 264.4 261.7 255.2 247.1 241.7 235.1 226.2 220.9 218 0

Continued on next page
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(OD)/n-Hexadccyl Iodide CHDI): 35°C

0on

joiute 0 0.100

■v-pcntane 79.82 81.97
n-hexane 243.5 252.5
n-heptane 726.9 759.6

480.5 491.2

methylcyclohexane 947.9 974.4

'~enzerie 527.2 524.9

toluene 1701 1700

dichloromcthane 105.9 106.0
chloroform 289.4 286.7
carbon tetrachloride 472.6 478.3

1 .2-dichloroethane 390.7 383.7

0.296 0.393 0.501 0.601 0.697 0.801 0.899

83.52

257.4
775.0

495.7

984.5

512.5

1661

99.54
277.1

472.3

369.6

86.21

265.1
794.5

502.3

1004

506.6

1640

97.43

268.7

471.2
354.4

89.22
271.1

816.4

505.5

1015

492.5
1600

93.41

262.1
467.7

340.7

91.24

278.4
834.8

513.7

1030
483.1

1574

92.20

254.2

467.1

328.5

92.75

284.4

854.5
518.3

1049

470.9

1545
87.85

246.2

465.2

316.5

94.48

290.4
872.7

523.1

1062

459.9

1504

84.04

237.0
459.0

301.8

97.10
293.7

884.5
524.4

1068

442.5

1451
79.99

228.0
453.6
237.5

97.11

297.4

896.2
526.5

1072

426.0
1395

76.18
216.9

452.5

270.7

97.67

299.2
905.2

526.7

1076

413.7

1354
72.99

209.2

440.8

258.7

-Octadecane (OD)/n-Hcxadecyl Iodide (HDI): 40°C

lute

0OD

0.100 0.199 0.297 0.393 0.501 0.601 0.697 0.801 0.899 1

n-penuit 68.81 70.59 72.70 74.46 76.43 77.81 80.04 81.45 83.20 84.06 84.90
fi-hexane 204.2 211.1 215.7 221.6 226.6 231.7 237.9 241.9 245.8 248.7 250.7

n-heptane 592.0 617.3 629.4 645.9 662.2 675.5 694.5 708.9 718.3 725.7 733.9

cydohexane 399.7 409.7 412.5 418.3 421.9 426.9 433.9 436.3 437.6 439.3 438.4

roethylcvclohexane 774.7 797.3 805.9 819.8 830.5 843.4 859.2 868.5 873.4 876.7 880.1

ktzcik 438.4 436.0 425.2 420.0 409.8 399.5 392.4 382.7 370.6 358.2 346.7

toluene 1365 1366 1335 1320 1292 1264 1245 1213 1176 1132 1096
ukJiIoromethane 91.70 91.06 85.56 84.33 80.64 78.54 76.12 73.27 69.10 66.41 63.50

chloroform 243.7 240.5 232.5 227.6 221.2 214.3 208.2 201.9 192.8 185.7 177.3
carbon tetrachloride 394.5 397.7 393.8 392.5 391.2 389.8 387.2 384.8 379.3 376.8 368.9

1,2-dichioroethane 326.9 320.0 308.3 297.5 286.9 275.8 265.5 255.7 241.8 230.8 218.4

F. i»-Octadccane (OD)/n-Hexadccyl IodiJc CHDI): 45°C

0od

Mute 0 0.100 0.199 0.297 0.393 0.501 0.601 0.697 0.801 0.894

'■-pentane

cydohexane
methylcyclohexane

benzene

toluene

dichloromethanc

chloroform
carbon tetrachloride

1 ,2-dichlorocthane

59.60
172.2

485.2

334.4
637.1

366.7

1103

79.76

206.4

331.1
274.9

61.07

177.5

504.9
343.7

656.4

364.3

1105

78.61

202.9
332.7

268.5

63.56
181.7

514.5

345.3

663.9

354.8

1081
73.90

196.2

330.3

258.7

64.60

186.3

528.6
350.4

673.9

350.3

1070
73.32

193.8
328.9

251.1

65.79

190.5
540.7

354.2
684.1

343.0

1050

69.94

66.69

193.9

550.3

356.8
694.7

332.4

1022

67.26

69.39

200.1

568.2

365.3
708.3

328.8

1010

66.26
187.6 181.7 177.1

329.0 327.1 324.1

242.9 232.8 223.9

70.54

202.7
579.7

366.0

715.2

320.3

985.6

64.16
172.8

324.4
217.8

71.63

206.8
587.1

367.3

719.0

312.1
958.7
59.97

163.9

318.9

204.5

73.10

209.1

591.6
363.6

721.8

302.9

924.5

58.15
159.8

315.5
197.8

74.12

211.3
599.0

366.9

724.1
292.1

892.9

55.48
151.1

310.5

185.4

G. n-Octadecane (ODl/Tetra-n-butyltin (TBT): 35°C

0n„

*olutc

n-pentanc

n-hexane
n-heptane

cydohexane

methylcyclohexane

0 0.095 0.200 0.300 0.400 0.499 0.600 0.699 0.800 0.900

diehloromethane

chloroform
carbon tetrachloride

1 ,2-dichloroethanc

99.62

301.4

890.3

572.8

1122
440.9

1353

85.95

245.9

4S1.0

305.1

101.2

304.2

900.8

571.0

1 128

432.7

1340

82.59

238.8
477.0

294.2

102.5
306.9

914.6

576.1

1 141
438.3

1361

83.49

240.3
478.8

294.6

101.6

307.1

913.6
569.2

1131
436.0

1365
81.76

102.2

310.0

920.3
569.7

1134

436.9

1370

81.33
235.2 234.1
473.9 475.1

291.6 286.5

100.9

306.6

917.4

560.7
1 120

431.6

1369
78.85

228.5

466.9

283.1

101.2
308.8

924.5

561.4

1128

433.5

1384
79.28

227.3
467.9

279.4

102.3

309.6

929.0
554.2

1 117

430. 1

1384

78.13

223.1
462.6

275.8

101.2

307.2

917.2

545.6
1 104

420.3

1358
76.05

219.4

455.7
270.7

99.74 97.67

303.1
907.2

533.6

1082

417.0

1351

73.48

299.2
905.2

526.7

1076

413.7

1354
72.99

211.6 209.3

446.3 440.8

262.1 258.7

H. n-Octadecane (OD;/Tetra-n-butyltin (TBI"): 40°C

n-pentane

n-hexane

n-heptane

cydohexane

methylcyclohexane

benzene

0o

0 0.095 0.200 0.300 0.400 0.499 0.600 0.699 0.800 0.900

86.50 87.31 87.61 87.30 87.87

251.9 254.8 255.7 256.9 258.5

737.6

87.17 86.96 87.64 86.68 85.95 84.90

721.6
474.5

913.9

367.8

732.3

476.6 475.8

922.8 924.3

741.5

473.0

746.7

472.3

56.8
744.3

465.5 464.9

257.0 258.1

746.7 751.4

460.5

255.7
742.6

453.2

253.3

736.4
444.8

920.6 924.0 914.5 917.3 912.2 898.6 885.5

250.7

733.9
438.4

880.1
363.3 363.7 365.0 364.3 361.3 361.7 360.0 352.8 349.7 346.7

Continued on next page
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lolucnc 1095

dichloromcthane 74.76

chloroform 207.8
carbon tetrachloride 401.7

1 ,2-dichloroethane 257.2

1088 1097 1107 1 1 10 1109

71.66 71.68 71.17 70.40 68.74

202.2 201.3 199.2 198.6 193.5

397.6 396.4 394.9 396.7 389.6

247.8 246.0 245.6 242.6 238.8

1117 1 1 2 1 1104 1096 1096

68.44 68.00 66.12 64.60 63. SO
193.2 189.6 185.8 180.5 177.3

390.7 386.9 380.9 373.7 368.9

236.3 233.2 228.0 222.3 218.4

I. n-Octadecane (OD)/Tetra-n-butyltin (TBT): 45°C

0OU

solute 0 0.095 0.200 0.300 0.400 0.499 0.600 0.699 0.800 0.900 I

n-pentane

n-hexane

75.44 75.68 75.26 75.37 75.94 75.67 75.07 75.47 74.64 74.41 74.12
211.8 214.7 214.3 216.1 216.9 216.3 215.2 216.4 214.1 212.8 21 1.3

n-heptane 588.7 599.2 598.8 605.8 609.9 607.9 607.2 611.9 605.3 601.7 599.0

cyclohexane 395.4 400.0 395.4 395.3 393.9 388.7 387.3 384.8 387.7 372.9 366.9

methylcyclohexanc 749.4 760.0 753.9 754.3 757.8 751.3 751.0 749.7 736.5 729.5 724.1

benzene 308.5 306.7 303.5 307.2 305.5 304.1 303.4 303.0 297.8 295.0 292.1

toluene 892.6 889.4 889.8 904.2 905.1 904.8 907.7 914.1 902.6 895.0 892.9
dichloromcthane 65.32 62.46 61.84 62.23 61.21 60.19 59.35 59.44 57.73 57.03 55.48
chloroform 176.5 172.0 169.6 169.6 169.3 164.8 165.1 162.0 158.1 154.8 151. 1
carbon tetrachloride 337.4 333.2 330.1 331.0 333.1 327.0 328.1 325.5 320.2 314.7 3IO.S
1,2-dichloroethanc 218.0 209.9 206.6 208.0 206.4 202.5 200.9 198.3 193.0 189.4 185.4

in Table III the fully-corrected activity coefficients of ;:-pentane, H-hexane,

-heptane, and benzene solutes with HDI and OD phases with those published

elsewhere; the level of agreement is everywhere within ±2%. Table IV lists the

activity coefficients of all solutes with each pure phase at 35°, 40°, and 45°C,

where the data range from 0.671 (cyclohexane with TBT; 40°C) to 1.815 (1,2-

TABLE III. Comparison of Pure-Phase Infinite-Dilution

Activity Coefficients of Indicated Solutes with n-Octadecane

(OD) and n-Hexadccyl Iodide (HDD Solvents

Ya COD) Y (HDI)

solute 35° 40° 45°
r»

n-pentane 0.849

0.871"

0.850 1.077

1.095'

n-hexane 0.865

0.877"

0.867 1.096

1.121'0.876"

0.862'

ii-hcptane 0.881

0.893-

0.879
0.897s

0.883'

1.126

1.133'

benzene 0.959 0.944 0.766

0.966"

0.946'

°ref 23 ''compilation average reported in rcf 6 rref 8 rfrcf 24

calculated from the specific retention volumes reported in

ref 25

TABLE IV. Solute Activity Coefficients Ya at Infinite Dilution with n-Octadecane (OD\ Telra-n-butj Uin (TBT,i,

and n-Hexadecyl Iodide (HDD Solvents

Y a (OD) (TBT) T a (HDI)

solute 35" 40" 45° 35° 40° 45° 35° 40° 45°

n-pentanc 0.849 0.850 0.834 0.824 0.817 0.810 1.080 1.086 1.077

n-hexanc 0.865 0.867 0.858 0.847 0.850 0.845 1.106 1.100 1.096

n-heptane 0.881 0.879 0.879 0.883 0.882 0.881 1.138 1.133 1. 126
cyclohexane 0.744 0.740 0.734 0.676 0.671 0.674 0.847 0.841 0.838
methylcyclohexanc 0.742 0.737 0.738 0.701 0.702 0.702 0.873 0.873 0.869
benzene 0.959 0.944 0.926 0.889 0.874 0.866 0.781 0.775 0.766

toluene 0.924 0.917 0.907 0 912 0.903 0.895 0.763 0.765 0.763
dichloromethanc 1.275 1.245 1.211 1.071 1.036 1.018 0.91 1 0.897 0.874
chloroform 0.972 0.963 0.952 0.817 0.808 0.805 0.730 0.727 0.724
cjrbon tetrachloride 0.761 0.758 0.751 0.689 0.684 0.682 0.738 0.734 0.732
1 ,2-dichlorocthane 1.815 1.763 1.704 1.524 1.465 1.434 1.250 1.218 1.196
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-dichloroethane with OD; 35°C). The types of solute-solvent interaction thus

represent only moderate deviations from ideality. We note in addition that with

the exception of n-heptane, Ya f°r a^ solutes is less with TBT than with OD,

the relative deviations ranging from ca. 2% (w-alkanes) to ca. 20% (haloalkanes).

 

"IMI

 

 

tfs n

 

~5T~

III

 

~A

*. * f»,

Fig. 1. Plots of Kn(M) against em for blends of H-octadecane (B) + tetra-n-butyltin (C)

with the solutes: (a) n-pentane, (b) n-hexane, (c) cyclohexane, (d) benzene, (e) toluene

(f) dichloromethane, (g) chloroform, (h) carbon tetrachloride, and (i) 1,2-dichloroe-

thane at 35" (lower curves), 40°, and 45°C. Curves constructed from least-squares fitting

of eqn. (7); dashed lines drawn between the respective solute endpoints eqn. (2). Error

bars represent ±1%.
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Shown in Figs. 1—3 are representative plots of /C£<m> against 0B ( = 1 —0 c)

for the indicated solutes with blends of OD+TBT (1), OD+HDI (2), and TBT+

+HDI (3) at 35°—45°C. The solid lines were in each case constructed from non-

-weighted least-squares fitting of eqn. (2) in the form2'8:

 

Fig. 2. As in Fig. 1 ; solvent system is n-octadecane (B) + n-hexadecyl iodide (C).



 

where n==\nK&{M), v=[(VaIVc- Fa/Fb)+(xa(B)-Xa(C)) + (Va/Vc) Xc(B))]> and

w= —(Va/Vc) Xc(B). Only in a very few instances do the data (error bars of ± 1 %

fall beyont the respective curves, and then only for the most volatile of the solutes.
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The dashed lines were constructed solely from the end-points (/£r(b>» ^r<o>)

and without regard to data at intermediate composition.

In order to provide further clarification of the results the data were treated

in accordance with what are generally regarded as conventional theories of solutions2 :

In YA'(B) = ln (Fa/Kb)+(1 - Ka/Fb)+xa<b> (8a)

ln ( c> = 1 n ( VaI Vc) +( 1 - VaI Vc)+Xmq (8b>

In Ya'w = In ( Vll Vu) + (1 - VaI Vu) + xa(B) + (xmo - xa(b>) 0c- ( VaI Vc) x

XXC(B)0B0C (8c)

The interaction parameters xa<b> and xa<c> are presented in Table V. With the

exception of methylcyclohexane with TBT (near-zero), the values are positive

and range up to 1.252 (1,2-dichloroethane solute with OD).

TABLE V. Solute Interaction Parametrs xa with n-Octadccane (OD), Tetra-n-butyltin (TBT), and n-Hexadecyl

Iodide (HDD Solvents

Xa (OD) Xa (TBT) Xa (HDD

solute 35° 40° 45° 35° 40° 45° 35° 40° 43°

-pentane 0.222 0.221 0.200 0.201 0.191 0.179 0.439 0.443 0.431

n-hexane 0.165 0.165 0.153 0.152 0.154 0.146 0.388 0.381 0.376

n-heptane 0.119 0.115 0.114 0.129 0.126 0.124 0.335 0.349 0.342

cyclohexane 0.136 0.129 0.120 0.049 0.041 0.044 0.241 0.233 0.227

methylcyclohexane 0.028 0.021 0.021 -0.020 -0.020 -0.021 0.168 0.167 0.161

benzene 0.326 0.509 0.488 0.460 0.442 0.431 0.294 0.285 0.271

toluene 0.365 0.357 0.345 0.361 0.351 0.341 0.149 0.150 0.147

dich loromethane 1.059 1.033 1.003 0.896 0.860 0.840 0.693 0.675 0.646

c hloroform 0.621 0.614 0.603 0.458 0.449 0.446 0.307 0.304 0.301

carbon tetrachloride 0.236 0.230 0.220 0.146 0.138 0.133 0.179 0.172 0.168

1,2-dichloroethane 1.252 1.222 1.186 1.088 1.047 1.024 0.851 0.824 0.804

Combination of the data of Table V with the fitted parameters of eqn. (7)

yields xc<b> either from v or w, both sets of which are presented in Table VI.

These cover the range: 0.111 for n-pentane with OD/TBT at 45° to 0.541 for

1,2-dichloroethane with OD/HDI at 40°C.

DISCUSSION

We set out to interpret, as one alternative, the solute excess molar Gibbs

free energy of solution as:

RT In Ya =2£e=£e (combinatorial) +g 8 (energetic) +ge (free volume) +

+ge (order//disorder). (9)

By analogy, the solvent-solvent interaction parameters xc<b> are also taken to

comprise the sum of combinatorial, energetic, free-volume, and ordering contri

butions. We derive below estimates of the respective excess enthalpic he and entropic

TSe contributions to ge from previous studies26 of finite-concentration binary

mixtures of normal and branched alkanes.
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n-Octadecane+ Tetra-n-butyltin. The molar volumes of these solvents (Table I)

are very nearly identical despite a difference in densities of upwards of 25%. It

was also found, not surprisingly, that plots of solution specific volume against

weight fraction of either component were linear (r=0.9999) to within the fourplace

accuracy of the density apparatus. We therefore take the combinatorial contribution

to the apparent xc<b> to be negligible. In addition, the energetic contribution must

be taken as zero for these alkane solvents. We next estimate from extrapolation of

the equimolar mixture data of Barbe and Patterson26, a free-volume enthalpic excess

Ae(FV) of ca. —80 J mol-1 and a corresponding entropic excess TSe(FV) of

— 200 J mol-1 (net solution contraction). ge (FV) is then expected to be large and

positive since 7\Se(FV) is more than double Ae(FV), i.e. mixing is not favored

although ge (FV) is not nearly sufficiently positive to induce phase separation27. In

contrast, values of he (O/D) and TSe (O/D) for induced orderIdisorder are expected

to be large and positive, ca. 350 and 200 J mol-1, respectively. However, the enthalpic

contribution is now much larger than that from the entropic term and so, ge (O/D)

is estimated still to be positive by 150 J mol-1. The respective overall contributions

thus would appear to amount to 270 J mol-1 for he and near-zero for TSe, according

to which the overall excess Gibbs free energy is expected to be ca. 270 J mol-1.

Zc(B) is therefore predicted to be positive as borne out by the data od Table VI.

TABLE VI. Solvent/Solvent Interaction Parameters xcfn)

OD/TBT OD/HDI TBT/HDI

solute 35* 40° 45° 35° 40° 45° 35° 40° 45°

n-pentanc 0.326 0.240 0.111 0.377 0.274 0.164 0.306 0.256 0.248

0.330 0.219 0.115 0.346 0.253 0.162 0.297 0.270 0.245

n-hezane 0.290 0.252 0.209 0.301 0.273 0.211 0.234 0.266 0.268

0.280 0.249 0.218 0.296 0.254 0.211 0.242 0.254 0.264

a-hcptanc 0.245 0.227 0.216 0.250 0.202 0.235 0.264 0.272 0.285

0.250 0.235 0.222 0.254 0.215 0.235 0.266 0.273 0.282

cyclohexane 0.338 0.315 0.259 0.227 0.256 0.274 0.328 0.325 0.350

0.342 0.307 0.278 0.228 0.249 0.272 0.325 0.335 0.343

methycydohexane 0.276 0.237 0.219 0.229 0.222 0.251 0.272 0.288 0.311

0.284 0.254 0.225 0.223 0.230 0.242 0.263 0.287 0.305

benzene 0.312 0.304 0.256 0.474 0.402 0.320 0.353 0.332 0.356

0.292 0.264 0.235 0.493 0.41 1 0.312 0.382 0.365 0.351

toluene 0.261 0.264 0.251 0.443 0.430 0.418 0.387 0.330 0.341

0.244 0.237 0.227 0.451 0.435 0.422 0.432 0.365 0.368

Jichloromcthane 0.349 0.353 0.256 0.609 0.492 0.415 0.260 0.143 0.163

0.310 0.224 0.139 0.646 0.517 0.393 . 0.334 0.290 0.247

chloroform 0.319 0.379 0.399 0.472 0.517 0.537 0.325 0.309 0.312

0.297 0.317 0.337 0.500 0.507 0.505 0.363 0.352 0.336

carbon tetrachloride 0.310 0.313 0.294 0.259 0.268 0.258 0.268 0.255 0.244

0.301 0.277 0.255 0.252 0.252 0.253 0.301 0.280 0.261

1,2-dichlorocthane 0.260 0.341 0.319 0.495 0.541 0.532 0.230 0.196 0.203
0.225 0.236 0.245 0.528 0.522 0.515 0.298 0.280 0.258

•Beat-fit of eq 7. 'Fiiat value of xc(b) from the fitted parameter v; second value from a for each set of data.

The pairs of values of xc<b> derived from eqn. (7), v and w, are remarkably

consistent for each alkane solvent with OD 4-TBT, are so to a lesser extent for

the aromatic hydrocarbons and carbon tetrachloride, and show large discrepancies

for dichloromethane, chloroform, and 1 ,2-dichloroethane. (We ascribe the latter

to weak interaction of these solutes with TBT; see later.) The interaction parameters

derived from the alkane solutes decrease well beyond experimental error over the 10°

temperature span, which is consistent with destruction of the order presumed to be

inherent in pure OD as T is increased. However, xc<b) for all solutes at all temper

atures covers only a small range, viz. 0.225 (1,2-dichloroethane) to 0.349 (dichlo

romethane) at 35° and 0.111 (w-pentane) to 0.399 (chloroform) at 45°.
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n-Octadecane-i-Hexadecyl Iodide Solvents. The values of xc<b> derived from

the n-alkane solutes seem to suggest little interaction between these solvents. The

data decrease uniformly with temperature and there is only mild inconstancy for

each data set. In sharp contrast, the values of xc(B) deduced from cyclohexane,

methylcyclohexane, and carbon tetrachloride (globular) solutes generally show an

increase with temperature. There is also good agreement between each data pair

derived from v and w, yet the averages of these are noticeably smaller than those

for OD/TBT. xc<b> decreases with temperature for the aromatic solutes for which

there is the likely possibility of dipole/induced-dipole interaction witd HDI. Trie

remaining three haloalkane solutes present several anomalies. The Xc<b> data for

dichloromethane solute decrease with temperature but the agreement between

the values derived from v and w is poor. The averages of those for chloroform tend

generally to rise from 35° to 45°C, whereas the respective (divergent) data pairs

for 1 ,2-dichloroethane present no discernible trends. Curvature in the plots of

^r(M) against 0od for the latter three compounds (Figs. 2 f,g,i) is also reduced

by at least factor of two from that extant with all other solutes.

We take these data to confirm that whatever globtdar aggregation18 exists

within w-alkyl iodides is destroyed upon the addition of linear alkane solvents

such as OD. The experimental interaction parameter data derived from the alkane

and alicyclic hydrocarbon and carbon tetrachloride solutes therefore largely reflect

only free-volume effects. Those found with the aromatic and remaining haloalkane

solutes appear in contrast to comprise energetic interactions with HDI.

We also recognize the possibility that short-range correlation of linear molec

ular ordering is extant for OD+HDI. Such ordering, if real, should persist over

the entire range 0b=O to 1 since both solvents are chainlike. As a result, the xc<b>

data derived from non-interactive solutes such as the lower n-alkanes should be

larger than the respective values of OD/TBT, since the latter solvent is presumed

to destroy molecular ordering in the former. xc<b> should also decrease in a regular

fashion on passing from n-pentane to n-heptane which is in fact observed at 35°C.

On the other hand, globular solutes such as cyclohexane, methylcyclohexane, and

carbon tetrachloride should cause local disruption of the solvent system and so,

would be expected to yield values of xc<b> which are lower than those found for

OD/TBT. These trends are indeed followed by the data at 35°C. Howerer, free-

-volume effects appear to predominate on passing to 45°C, at which temperature

Xc(B) in fact increases from n-pentane to w-heptane.

Tetra-n-butyltin+n-Hexadecyl Iodide Solvents. TBT is expected to promote

globular aggregation of HDI even in solutions of very low mole % of the latter.

There is hence good agreement generally between the xc<b> data pairs found with

the n-alkane and alicyclic hydrocarbon and carbon tetrachloride solutes, and little

variation with temperature of the averages of these. However, the data for the

other solutes show different trends. For example, the respective averaged xc<bi

derived from benzene is smaller than that from toluene solute at 35°, while at

40°C the average for benzene is identical with that for toluene. At 45°C, xc<b>

from toluene solute is appreciably greater than that for benzene. Although the data

pairs for the haloalkane solutes dichloromethane, chloroform, and 1,2-dichloro-

ethane diverge well beyond experimental error, broadly speaking the values are

half those found with OD/HDI at all three temperatures. Whatever (solute) halo-

alkane-HDI interactions are extant hence appear to be reduced sharply on passing

from OD to TBT solvent, a result presumably of globular association of HDI in



CYBOTACTIC BEHAVIOR OF ALKYL HALIDE LIQUIDS 331

TBT. In addition, there may be competitive association of HDI with TBT, the tin

atom acting in this case as a Lewis acid, although UV-spectroscopic evaluation of

solutions of TBT/HDI failed to reveal unique bands which could be correlated

with intermolecular association of these compounds.

Comparison of Eqns. 1 and 2. It is clear that the curvature exhibited by all

solutes for all systems in Figs. 1—3 is within 2% at worst of the dashed (straight)

lines required by eqn. (2). Furthermore, these lines were constructed simply by

connection of the end-point data and without regard for those between .Kr<b)

and /Cg(o- Formulation of the lines from non-weighted linear least-squares in

fact yields correlation coefficients of in excess of 0.999 for all solutes with all solvent

systems. We can therfore assert with confidence that within these limits, cybotactic

systems comprising w-alkyl iodide additives with pseudo-linear or pseudo-spherical

alkane solvents must be included in the very many solution types now known to

conform to the diachoric solutions hypothesis.

Nevertheless, we note that the accuracy of the glc data (cf. Table I) is ±1%,

and that residuals analysis of linear least-squares treatment of the data produces

a net positive result beyond this limit for all solutes except dichloromethane, chlo

roform, and 1,2-dichloroethane. The curvature in Figs. 1—3 is therefore not an

artifact. Furthermore, the curves for all systems are described to well within experi

mental error by eqn. (1), albeit empirically-fitted chi values must be used to do so.

On the other hand, there are notable disagreements in the values of xc(B) as deduced

from v and w of eqn. (7) (cf. Table VI).

The three haloalkane solutes mentioned above exhibit partition coefficients

which give linear correlation coefficients of in excess of 0.9995 with HDI addititive

either with TBT or OD solvents. (Indeed, except for carbon tetrachloride, the

curves for all solutes with OD/HDI are strikingly similar to those found with

TBT/HDI, i.e. the OD and TBT diluents appear to be indistinguishable.) While

it might be assumed that these solutes interact specifically with HDI, the same

trends are also observed in Fig. 1, that is, there is little difference in their behavior

with HDI/TBT, HDI/OD, or TBT/OD. There does not seem to be much point,

therefore, in extending the data treatment to extract a supposed non-interactive

component Xa<c> nor a value of K\c from Xc(B), as was carried out in previous

work2.

We conclude by echoing the view of Tiley28 that "nobody today would claim

that eqn. (1) is anything other than a first approximation to a comprehensive ther

modynamic treatment of solutions." We add to this the observation that whatever

form of relation arises, each must conform to experiment. On this basis, the current

study establishes that eqns. (1) and (2) are entirely equivalent for the systems

considered.
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ИЗВОД

ЕКСПЕРИМЕНТАЛНО ПРОЦЕВЬИВАНэЕ ЦИБОТАКТИЧКОГ ПОНАШАН>А АЛКНЛ

ХАЛОГЕНИДНИХ ТЕМНОСТИ У РАСТВАРАЧИМА СФЕРИЧНИХ И ЛАНЧАСПЕ

МОЛЕКУЛА

ч. ф. чен и р. и. ЛАУБ

Хеыщски одсек, Државни универзишеш Сан Диеха, Сан Дие\о,

Калифорнща, САД

Из података гасно-течне хроматографи)е добивени су коефшоцени активности, у*

и коефици)енти расподеле, К ", , за алифатичие, алицикличне, ароматичне и хлороали

фатичне растворке (А) при бесконачном разблажен>у за девет смеша растварача, ко)1

се састо)е од растварача (В) л-октадекана (ОБ) и тетра-л-бутилкала)а (ТВТ) са додаткш

(С) л-хексадецил)одида (НГЛ) у запремннским уделима о = 0 до 1, при 35 до 45°С. Пот-

пуно корнговани коефищценти активности растворака л-пентана, я-хексана, п-хепташ

и бензеиа са чистим фазама ОО и Н1Л сагласнн су у оквирима од 1 до 2% са подацши

об)авл>еним у литератури. Вредности се налазе у опсегу од 0,671 (циклохексан са

ТВТ) до 1,815 (1,2-дихлоретан са ОБ); интеракшца растворак-растварач изазива само

умерена одступан>а од идеалности. Литрами зависности вредности К%(Н) (М = В-г-С)

од 0всвуда су закривл>ени позитивно, иако величина одступан>а од линеарнос-га не пре-

машу)у 2%. Крине комбинашка адитива НОГ са псеудо-сферичним меди)умом ТВТ

не могу се практично разликовати од кривих нлЬенпх за НШ са псеудо-лннеарним ра-

стварачем ОТ); значи да се циботатктично понашаше првог система не може запазити.

Експериментални параметр и интеракци)С хс<в> налазе се у уском опсегу (од 0,111 за и-

-пентан са ОЭ/ТВТ до 0,646 за дихлорметан са 00/НБ1), али ипак показу))' приметан

тренд.

(Примлено 7. марта 1983)
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Visible light irradiation of an aqueous solution containing CdS dispersion

and various sacrificial electron donors (EDTA, S2-, SOa!-,/-cysteine,ethanol, 2-pro-

panol, formate, acetate, glycine, glucose and albumin) led to hydrogen formation.

The largest yield of hydrogen was produced with EDTA, /-cysteine and sulphide.

Deposits of rhodium oxide on CdS powder was found to be more efficient for Ha

production than ruthenium oxide or platinum. In presence of formic acid a catalytic

reaction of formic acid with water takes place. The main product is carbon dioxide

with concomitant formation of hydrogen, formaldehyde and traces of methanol

and methane.

In recent years much attention has been focussed on light-induced chemical

reactions on semiconducting particles dispersed in liquid medium. Cadmium

sulphide is a semoconductor which has been studied in various laboratories during

the past years with respect to its use as the light-absorbing component in photo-

electrochemical cells1--4. Cadmium sulphide has a band gap od 2.4 eV (517 nm)

and a position of the valence and conduction band edge at ca. +1.5 and —0.9 V,

respectively (vs. NHE). It has been shown that suspensions of CdS, photosensitize

water reduction in presence EDTA5-7, cysteine8, S2~10 and hydrazine11. The

observations may be understood in terms of bend-gap excitation of the CdS particles

producing electrons in the conduction and holes in the valence band. The former

migrate to the interface where reduction of water to H2 occurs

2e+2H- -> H2

while the holes react with the electron donor, D, which irreversibly decomposes:

h++D -> D+

D+ -> products.

Kalyanasundaram et al6. reported hydrogen and oxygen production when CdS

particles charged with Pt and RUO2 are illuminated. However, CdS is inherently

unstable under illumination1 and holes oxidize sulphide ions to sulphur on the

surface

335
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CdS + 2h+ -> S+Cd*+.

In this work, we undertook a comparison of quantum yields of hydrogen

production with various electron donors in CdS dispersed solutions, in order to

obtain more information about hydrogen evolution activities, since the data for the

quantum yields in the literature of semiconductor suspensions are very scarce.

The CdS powder was loaded with platinum, ruthenium dioxide or rhodium oxide

in order to determine optimum conditions for hydrogen evolution.

EXPERIMENTAL

All the reagents used were commercially available and the highest purity; CdS (Fluka

or Koch Light, 99.999%) was used as supplied. The solutions were prepared with triply distilled

water and oxygen was removed by bubbling with argon or helium. The solution pH was adjusted

with HsSO*, NaOH or phosphate buffers. The semiconductor powders were dispersed with

sonication.

Particles of CdS were platinized (5 wt% Pt) as follows : 24 mg of HsPtCle were added

to a solution containing 200 mg CdS and 10" 1 mol dm'3 formaldehyde in methanol. The dis

persion was illuminated for 3 h by the light of a 150 W Xe-lamp that passed through a 320 nm

cut-off filter. The excess of formaldehyde was then removed evaporating the solution. The de

position of RuOs (15 wt% RuOa) was done as follows: 200 mg CdS was mixed with 60 mg RuCla

in water. After drying in air, the powder was heated at 300° for 1 h in a stream of Ar and sub

sequently under air to afford oxidation of Ru3+ to RuC>2.

The rhodium oxide was deposited photochemically on CdS powders (0.25% Rh) as de

scribed elsewhere13. The rhodium containing solutions with CdS dispersions were irradiated

for at least 8 h to allow oxidation of the rhodium by the hole generated in the semiconductor.

Rhodium oxide was also deposited on CdS thermally in air.

The ferric oxide was also deposited on CdS thermally. Suspension of 200 mg CdS was

mixed with 57 mg FeCls in a solution at pH 8. After drying, the mixture was heated at 300° in

air for 2 h.

Continuous production of hydrogen was observed when the solution was illuminated

by the light from an Osram XBO 150 lamp after passage through a long wavelength pass 380

nm cut-off filter. Each irradiation was carried out on 8 cm3 samples of argon-saturated solutions

The absorbed light intensity was 7 x 10~7 einstein min"1, as measured by potassium ferrioxalatc

actinometry. Dark reactions were performed under exactly the same conditions. Samples were

taken at suitable intervals and analysed for Cd2+, Hz, formaldehyde, methanol and methane.

Hydrogen, oxygen, methane and carbon dioxide were detected by gas chromatography,

using a 154D Perkin-Elmer instrument equipped with a thermal conductivity detector. A silica

gel column was used for H2 and CO: and Ar gas carrier, while a molecular sieve column and

a helium gas carrier was used for O2. Each column was maintained at 50°. A Porapak Q column

was used for methane at 50° and for methanol at 170°. The concentration of Cd!+ ions produced

during photocorrosion was determined by atomic absorption spectrophotometry. Formaldehyde

in formate solution was determined by spectrophotometry using phenylhydrazinc as a reagent13.

RESULTS AND DISCUSSION

1. Effect of different catalyst deposits

When a dispersion of catalyst-free CdS powder was illuminated in presence

of EDTA (X>380 nm), hydrogen is produced in a very low amount. The amount

of H2 production was enhanced if the CdS dispersion was photoetched in car

bonate solution. Catalyst loading of CdS caused a pronounced increase in H;

production. Table I summarizes the results obtained with various catalyst deposits

on CdS in a solution containing EDTA. Hydrogen production is understood in

terms of the previously proposed mechanisms5"7.
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2e-+2H+ -+ H2

EDTA+h+ ~> EDTA+

EDTA+ product.

There are difficulties in determining absolute quantum yields for dispersions.

These arise from a large amount of the light scattered by the particles. It is more

useful to consider the formal quantum efficiency14 defined as the number of mole-

culues of H2 produced per incident photon. This corresponds to the lowest limit

for the true quantum yield.

Each quantum yield in Table I represents the average of at least five inde

pendent measurements with freshly prepared samples. It was found that the quantum

TABLE I. Hydrogen production over CdS containing various metal deposits"

Approximate

Catalyst concentration of *(H2) x 100

deposited material

CdS
 

0.03

CdS photoetched — 0.5

CdS/Pt 5%Pt 3.0

CdS/Ru02 15%Ru02 10

Pt/CdS/RuOa 5%Pt, 5%Ru02 0.9

CdS/RhOx6 0.2—0.4%Rh 10—13
CdS/RhO*c

CdS/FeaOa

0.25%Rh 5

50%Fe2O3 0.06

CdS/WOs 50%WO3 0.03

a) Solution contained 0.1 moldm_3EDTA with 1 mg cm-8 semiconductor at pH 6.2. Each

irradiation was carried out on a sample of 8 cm3 volume saturated with argon at 20°C. The quan

tum yield is the relative yield obtained as the ratio of the number of molecules of H2 to the number

of photons incident on the solution, b) Catalyst obtained by photodepositive and than oxidation

of rhodium, c) Catalyst was prepared thermally in air.

yields for hydrogen production differ by 30% from the same catalyst which is

related to the loading of CdS with metal oxide. Reproducibility of the quantum

yields was improved when the catalyst was kept in water several days before use.

(Probably a better dispersion is achieved.) With same catalysts the reproducibility

did not exceded 10%. Figure 1 shows hydrogen generation on CdS/RhOx (0.2% Rh)

catalyst as a function of time of irradiation in EDTA (0.1 mol dm-3 solution at

pH 6). After a brief induction period the H2 generation rate was established.

The catalyst CdS/Ru02 (15% Ru02) and CdS/RhOx (0.2% Rh) show appro

ximately the same activity (Table I) though the quantity of depositing materials

is not the same. Compared to these materials, there is a three-fold decrease in the

rate of H2 evolution when CdS is loaded with platinum. No experimental evidence

is available in literature for hydrogen evolution with CdS/RuC>2 and CdS/RhOx

catalysts. A quantum yield of hydrogen evolution was published only for CdS/Pt

in the presence of EDTA Pt and the value of 0.04 is slightly higher than 0.03,

our obtained value.

With CdS/RhOx or CdS/Ru02 catalysts, a large fraction of electrons (<P (e~)=

=2 4> (H2)=0.2) participates in formation of hydrogen. This process was not

accompanied by any decomposition of CdS. This was checked by determining
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Fig. 1 . Hydrogen production from illumi

nated 1 g/1 CdS/RhOx (0.2%Rh), suspen

sions in presence of EDTA (0. 1 mol dm-3)

solution at pH 6.2.

Fig. 2. Carbon dioxide production from

1 g/1 CdS/RhO* (0.2%Rh) suspensions

in presence of HCOONa (0. 1 mol dm-3)

equilibrated with air at pH 6.2.

the Cd2+ concentration in the solution after illumination. Elections generated by

light can be also picked up by suitable acceptors such as MV2+ at the surface of

CdS15-17. The quantum yield of MV+ formed in CdS suspension by reaction

with electrons was found to be 0.218 which is in good agreement with quantum

yield of hydrogen obtained on CdS/RhOx (Table I).

We have found that when CdS/RhOx is illuminated in the presence of different

electron donors hydrogen is produced very efficiently (Table II). The highest

yields were found for a solution containing EDTA, /-cysteine and sulphide. Glucose,

glycine and albumin are also active in hydrogen production although much less

than sulphide or EDTA. Alcohols lead to low yields of hydrogen. Glycine, glucose,

sulphide and /-cysteine activities depend on the solution pH and they are more active

in the alkaline solution.

Formic acid solutions. In the solutions containing formic acid, the hydrogen quantum

yield is very small, 0.044, although HCO2- is oxidized to CO 2 very the efficiently

in the reaction with holes

h++HC02- -> C02-+H+

and in presence of oxygen the carboxyl radical, CO 2", transfer electron to oxygen

CO2-+O2 -*■ o;.

Figure 2 shows a CO2 production in the formate solution in presence of air. The

initial quantum yield of C02 was found to be 0.24 in HCO2" solution equilibrated

with air at pH 6.2. The consumption of O2 was measured in 8 X 10~3 mol dm 3 Oj

2. Different electron donors
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TABLE II. H2 production from water and various donors using CdS/RhO*

catalysts"

Donor PH 4>(Ha)x 100

EDTA

/-cysteine

NatS
NTa2SOa

HCOjNa

CH 3oCO»Na

Glycine

Isopropanol

Ethyl alcohol

Glucose

Albumin

Cellulose

6.2

8.5

8.5

9

6.2

6

8

7

7

9

8.5

10

7.4

13"

0.18

0.44

0.03

0.13

0.03

0.03

13

0.03—1

0.1

0.03

a) Solutions contained 0.1 mol dm-3 donors with 1 mg cm-3 CdS/RhOx (0.4%Rh). Each irradiation

was carried out on a sample of 8 cm3 volume saturated with argon at 20°C. b) Same result is ob

tained at pH 12.5.

solution and found to be $ ( — 02)^=0.15. In the absence of O2, the quantum

yield of CO2 is lower ( 0=0.01) which is understood in terms of the CO2 being

able to scavenge electrons

e- rC02 -*CC>2

and probably C02~ radicals recombine to form oxalic acid18. In the airfree solution

of formate ions (0. 1 mol dm~3, pH 6) a relative high initial yield of formaldehyde

of 0.08 was found. Formaldehyde is formed up to 3.5 x 10-6 einstein light intesity,

and then its concentration decreases. It should be mentioned that aldeyhde is

formed also thermally in the solution of HCO2- on CdS/RhOx in argon saturated

solution. The rate of this reaction, however, was much slower than the photocata-

lysed reaction. It is noteworthy that traces of methane and methanol were also

registered in solution of CdS/RhOx and 0.1 mol dm-3 HCO>~ saturated with Ar

at pH 6. We could not increase the yield of these reduction products by changing

the pH of the medium, or by changing the method of the catalyst preparation.

The disappearance of formic acid in photochemical reactions on CdS must therefore

be mainly due to oxidation, yielding CO 2 and probably to formation of oxalic acid.

Sulphide solutions. Sulphide ions are very effective electron donors and photo-

reactions produce H2 and S9-10

HjSiHz+S.

This process may be used in principle for removal of H2S from waste streams

and their conversion into useful products. Our results are qualitatively in accordance

with those obtained by Gratzel et al.9 for CdS/Ru02 and Meier et al.10 for CdS/Pt.

Under our experimental conditions, CdS loaded with rhodium oxide show the

highest hydrogen quantum yield (Table III). In presence of electron acceptors

such as O 2 or CO 2, the hydrogen quantum yield decreases. The presence of SO32

in solutions at pH 8.5 and 12.5 decreases the hydrogen quantum yield for CdS/RhOx.

However, for lower amounts of RUO2 on CdS the presence of SOa- increases the
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TABLE III. Effect of various additive on the induced Hi generation from 8 ml aqueous sus

pensions of 10 mg catalyst at pH 8.5 in the presence 0.1 moldm_3NaiS

Additive Catalyst «D(H«) x 100

— CdS/Rhox(0.4%Rh) 13

HCO,(0.1 mol dm'3) 5.6

Oi(2.5 x 10 * mol dm-8) 6.2

Na2SO3(0. 1 mol dm"3) 5.6

— CdS/RuOa(15%RuOa) 4

Na2SO3(0.1 mol dm ') 1.56

— CdS/RuOa(5%RuOf) 1

NaiSO3(0. 1 mol dm-') 1.4

— CdS/RuO2(0.5%RuOa) 0.62

NajSO3(0.1 mol dm-3) 1.4

hydrogen evolution. This catalytic effect of SOa2- on hydrogen production has

been seen earlier by Merier10. Howerer, this effect does not exist for the CdS/RhOx

catalyst. Our results show that hydrogen generation over CdS/RhOx particles upon

illumination with visible light is very efficient in the sulphide solution and the

efficiency of conversion reaches 26%.
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M3BOfl

CTBAPAHjE BOflOHHKA H3A3BAHO BHJDbHBOM CBETJIOuTRY Y CYCnEH3H-

JAMA CdS H3 BOflEHHX PACTBOPA PA3JIHHHTHX EJIEKTPOHCKHX flOHOPA

THJAHA PAJX h OJirA H. MITEH^

HncMuiuyui 3a uyK/ieapHe uayxe „Eopuc Kugput", it. up. 522, 11001 Eeoipag

03pamtBaa,e b»wi>hbom CBeTJionmy BO,nemix pacTBopa kojh caapwe CdS flHcncp3Hje

h pa3JiH«HTe ejieKTpoHCKe flOHope kojh ce Tponie (EDTA, Ss_, SO}~, /-uhctchh, ctbhoji,

2-nponaHOJi, cpopMHjaT, aueTaT, rjoiinm, rjiyK03a k ajiSyMira) aoboah no CTBapaita BonoHHKa.

HajBehn npratoc BOflOHiwa flo5itjeH je y pacTuopioia EDTA /-micTemta n cyjidniaa. Habeno

je fla je CTBapan>e Ha mhoto edwKacHHje Ka« je Ha CdS npax naHeceH cnoj peaHjyM-oKcima

Hero cnoj pyTeHHjyiw-jmoKCHfla hjih roiaTHne. Y npHcycTBV MpaBJte khccjihhc flojia3ii ro kh-

TajiHTHiKor pa3jiaratba MpaBJbe KHcejiHHe h BOfle. IViaBHii nponyKT OBe pa3rpa/uf,e je yrji*H-

AHOkcha kojh je npaheH ocno6abaH>eM BO^OHiiKa, cJjopiviajiflexHfla h TparoBa MeTaHOJia h MeTaHa.

(npHMJbeHO 15. MapTa 1983)
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In order to find the most appropriate way to describe specific conformations

of the six-membered amino acid chelates, different methods were applied to in

vestigate the conformations of six-membered rings in compounds of cobalt(II I) with

amino acids. Calculations were made by using the Cambridge Crystallographic

Data Centre files and the program RING, which gives endocyclic torsion angles,

puckering parameters1, Boeyens's nomenclature10, asymmetry parameters2 and the

ring conformation according to Foces-Foces el al.3 Puckering descriptor t7'9, was

also calculated. The comparision of the data obtained by these calculations indicates

that puckering parameters and Boeyens's nomenclature give the most reliable results

allowing, a quantitative destinguishing between similar, rather irregular shapes.

The great importance of the conformation of molecules in organic ring

systems imposed numerous theoretical studies and a considerable effort to charac

terize the ring forms and to propose a logical nomenclature. Although there is no

generally accepted method, a few of them1-3, which give a quantitative description

of the conformation, are widely used in conformational analysis of organic ring

systems.

In coordination chemistry, the conformation of chelate rings is also very

important. It is of special interest in connection with the interpretation of CD

spectra and the relation ofthe sign ofthe Cotton effect in the Tig region of related

compounds. The ligand conformation is an important source of dissymmetry in the

metal complex. The exact features of conformation that govern the size of the

rotational strength are unknown, but it seems reasonable to expect that the degree

of puckering of the chelate ring is important1.

The conformational analysis in coordination chemistry is mainly concentrated

on the study of five- and six-membered diamine chelate rings. A metal trimethyl-

enediamine chelate ring has basically the same conformational possibilities as

the cyclohexane ring, but three conformations are characterized by their energy

minima: a chair and two enantiomeric twist-boat forms5. The conformation of

the six-membered chelate ring is usually described by six endocyclic torsion angles.

For describing the chair rings, dihedral angles between NMN, the least-square

NCCN and the CCC planes8 are used. Recently, Niketic and Rasmussen7-8 defined

343
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the ring descriptor t as a dihedral angle between the line connecting ligating nitroge

atoms and the line connecting methylene carbon atoms which are directly attache

to the N atoms of the ring.

EXPERIMENTAL

The conformations of the six-membered cobalt(III)-amino acid rings were calculate,

using the Cambridge Crystallographic Data Centre (CCDC) files3 and the program RING, writtei

by L. Parkanyi from the Central Research Institute for Chemistry, Budapest. The Cambridg

Crystallographic Database consists of files comprising bibliographic chemical connectivity am

numeric structural data for organics, organometallics and metal complexes studied by X-ray an<

neutron diffraction. Each entry in the bibliographic file has a corresponding entry in the dati

file which contains numeric structural data associated with each structure determination, i.e

cell parameters, space group, symmetry, densities, fractional coordinates of atoms, bond length;

and accuracy indicators. The program RING calculates endocyclic torsion angles and interatomic

distances, puckering parameters1, section of the Boeyens's diagram10, asymmetry parameters-

and the ring conformation according to Foces-Foces et al.3

Torsion angles are widely used for conformational analysis of cyclic and acyclic systems.

Schwarz11 and later Boeyens10 defined six types of special conformers for the six-membered

rings in terms of the signs of the endocyclic torsion angles. The six canonical forms are as follows

(Fig. 1): Chair, //alfchair, Screwboat, Twisted boat, Envelope. Indices subscript and super-

*Si

e

0

Fig. 1. Canonical forms of six-membered rings; signs of torsion

angles and symmetry elements.

script give the atoms which are below or above the plane of the ring, respectively. Cremer and

Pople1 describe the shape of the ring by puckering parameters. For the six-membered rings there

are three puckering degrees offreedom, three puckering parameters (Q, 0, 4>), defined in a spherical

coordinate system which can be calculated from the coordinates of the individual atoms. Q is

a total puckering amplitude, 0 and 4> characterize the shape of the ring. 0 and fl> values of the

special conformers are given in Fig. 2. The relation between a given conformer and their mirror

image can be seen in the lower left corner of the figure.

The asymmetry parameters of non-ideal systems measure the degree of departure from

ideal symmetry at any of the possible symmetry locations. The related torsion angles are com

pared in a way that will result in zero if the symmetry in question is present. The two equations

used to calculate the asymmetry parameters are:
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CONFORMER 0° f

'c 0^4

b2 68 90

B2,5 90 60

%

51 90

90 90

E2 55 60OE2-180'-O2e

Fig. 2. The definition of the puckering parameters by Cremer and

Pople1 and the 0 and <D values of special conformers.

/ic^ + OO2 /f(<l>t-*1')

V ir1 ac8= V in'ACs

m m

where m is the number of individual comparisons, and 4>i and 4>j' are the symmetry related torsion

angles. The locations of the symmetry elements are illustrated in Fig. 1. An atom or a bond label

are also included with the asymmetry parameters which uniquely fix the location of the para

meter in the ring.

Foces-Foces et al.s proposed the distinction between C, H, B and T conformations ac

cording to the following relation between torsion angles.

I = | <D, + fl>,+3 |

II = 2 1 «< + I

III = 2 |4>, |

rv = £ 1 4>( - «<+3 1

V = £|(|*<| - !«ml)|

These criteria adopt certain values for ideal conformations.

The ring puckering descriptor was calculated by the program written by S. R. Niketic

for this occasion. It is defined as a dihedral angle between the line connecting ligating nitrogen

and oxygen atoms and the line connecting methylene carbon atoms which are directly attached

to the ligating atoms.

RESULTS AND DISCUSSION

The theoretical studies concerning the conformation of amino acid six-menr

bered chelates are in infancy; even the experimental data are not numerous. The

common feature is planarity of the carboxylato group ; the conformation is usually

described as twist (skew) boat. However, the examining of the data on torsional

angles reveals rather large variations. Therefore, we thought it worthwile to make

an attempt to find the most appropriate way for describing the conformation of

the six-membered amino acid chelate ring, applying different methods to experi

mental data on the structures of cobalt(III)-amino acid compounds containing

six-membered rings.

The six-membered cobalt(III)-amino acid ring was defined as a fragment

shown in Fig. 3. The analysis included compounds of cobalt(III) with p-alanine

and multidentate ligands which coordinating to the metal, form the six-membered
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I

92(2) \ 12312) X)2

126(2)

 

>l/f9f3

Fig. 3. The fragment defining the six-

-membered cobalt — amino acid chelate

ring and its average geometry.

Table 1.

Compounds of cobalt(III) with amino acids containing rings

Compound

1. Atop-tris(g-alaninatc)co-
balt(III) tetrahydrale

2. 3V<i7io-(B-a1aninato)(l,3-di-
am 1 nopropane ) d i n 1 1 rocoba It ( II I )

3. Cie-(8-alaninato)(l ,3-diamino-
propane)dinitrocobalt(lll) mono-

. . hydrate . .

4. Potassium tronj-bis(|3~a1an1nato)d1-
nitrocobaltate(IU)

5. Calcium rtt(l>-trm(Os>-bi%\lS)-
-aspartato cobaltate(Ili) eisr**/-transp
-bis|(S)-aspartato|cobaltate(III) deca-
hydrate

6. Calcium sisf»;-lranafO{J-biS|(S)-
-aspartato|cobaltate(I!I) hydrate

/. Lithium (s,S)-H,H '-ethyl enedi ami ne-
disuccinatocobal tate(lll) tri hydrate

8. Lithium (s.s)-«,#'-ethylenedianiine-
disuccinotocobaltate(III) trihydrate

9. Cobalt(III) {S,S)-K, * '-ethylenediamine-
disucclnatocobaltate(IIl) tetradecahy-
drate

10. (*)cl8-i>t«('a>tria«atn«(sarcos1nate-
-»-iifap1onato)cobalt(III) (♦)546-(ethyle-
ned i ami nete traaceta to)cobal tail" 1 1 1 ) mono-

hydrate

11 . (-)-eie, Craw*. eio-bisr(5)-2,3-diamino-
propionatoJcobalt{IlI) bromide

12. a-(N2-2-am1noethylamidino)alaninato-
-ohh'H" -(ethylenedlamine)cobalt(III)
tetrachlorozincate monohydrate

Abbreviated formula Qualitier

wr-[Co(S-ala)3]-4H20 BALCOT

tra»n-[Co(H02)z(6-ala)tn] NALAPC

«a - [Co ( N02 ) 2 ( B-a 1 a ) tn] ■ hy) CNALCO

* tran»-[Co(N02)2(6-ala)j] NALACO

Ct--3ittm-trancl:\> - [Co(S-asp),] CALACO
- oi'alNl-tramtOjJ-tCols-aspl^ lSHjO

Ca rttMI-tTmaWg )■ rCo(S-asp),!,- CAASPC
• 7.5 H20 ' 1 ut

Lt[Co(S,S-EDDS)]-3H20 LIESCO

L1[Co(/f,S-ED0S)]-3H20 ENSCCO

co3[(a.s-edos)]2-14:h2o enscco'

(*>546"°<°''<>'[Co ""*lHH)h1 SWWI

(♦)H6-|CoEDTA|

(-)-[Co(s-apr)2]Br APRCOB

[to(aeala)(en)]2nCl4-H20 AEIACO

Reference

12

13

;

15

16

17

18

19

20

22

2J

ring as a part of the system of fused rings. Two compounds, containing the six-

-membered ring as a corollary of two five-membered rings, are also included in

the analysis. Having different shape, these rings are suitable for comparison of

different methods. Table 1 summarizes the investigated compounds, their ab

breviated formulae and qualifier symbols. In Table 2 are given six endocyclic

torsion angles. Table 3 contains puckering parameters Q, 0 and <I>, the symbols

obtained by the use of the Boeyens's diagram, asymmetry parameters AC„ (A) and

AC2 (A—B), conformation according to criteria of Foces-Foces et al. and the

puckering descriptor -r.
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Table 2.

Torsion angles in cobalt(III)-amin j acid six-membered rings

Complex Ring 1-2-3-4 2-3-4-5 3-4-5-6 -4-5-6-1 5-6-1-2 6-1-2-3

BALCOT 1 19.9 — 9.7 —36.7 68.4 —53.0 12.8

2 0.6 9.2 —12.2 65.3 —55.3 22.9

3 - 16.8 8.6 35.4 —69.2 35.7 —16.2

NALAPC 15.7 —11.6 —29.0 64.3 —55.7 18.4

CNALCO —27.6 20.2 29.0 —65.8 52.8 —11.0

NALACO —33.8 31.0 20.4 —66.9 57.0 —11.4

CAASPC 1

2

—24.0

—16.9

— 0.1 — 6.4 49.4

52.0

—78.5

—79.8

58.2

55.2— 7.9 — 4.1

3 — 7.7 —19.2 1.0 52.8 —81.6 53.7

4 —11.2 —13.5 — 2.5 52.2 —80.2 53.3

CALICO 1 —24.1 — 1.6 — 4.9 49.4 —79.5 59.5

2 —19.8 — 5.8 — 4.5 51.2 —81.0 57.8

3 —22.8 — 7.5 2.2 44.9 —80.2 61.1

4 —31.9 13.0 —17.5 52.9 —77.6 60.0

LIESCO 1 —18.0 — 3.3 — 9.8 54.7 —78.5 53.7

2 — 12.5 — 16.9 4.4 47.2 —78.1 55.3

ENSCCO 13.0 11.8 5.3 —55.6 81.0 —57.1

ENSCCO 27.4 — 7.1 16.1 —57.8 80.6 —57.0

SARCOE —30.1 22.3 27.7 —71.4 55.9 — 9.6

Al RCOB —58.1 — 1.6 83.2 —70.1 — 8.1 6 .9

AEIACO 49.7 6.4 —72.8 67.9 1.5 —53.7

Table 3.

Confomttonil peraaeters of cobalt(III)-aa1no add s1x-aaebered rlnjs

E H

Coaplex Ring Ruckering pan

Q(l») ♦(») ".ft

Boeyens '
diagram

Assymetry parameters Foces-Foces
criteria

Puckering
descriptor <0)aCjtA)" Z.Cj(A-B)4

BALCOT 1 56.6 221.2 68.4 17.4(2) 19.7(1-2) M 15.1

2 46.9 224.2 52.0 13.8(2) 13.4(1-2) H 11.7

3 64.4 44.3 114.6
\

14.4(2) 22.6(1-2) M -15.0

KjiLAfC 51.7 230.9 65.0 8.2(2) N IS. 7

CHAACO 58.4 43.6 105.9
%

13.5(2) 27.8(1-2) 7 -16.8

NALALO 63.3 49.1 102.4 B2.l- SS'£i 7.8(2) 1 20.1

CAASPC 1 66.5 295.0 57.0
'«* 1"'

19.2(3) 13.9(3-4) H 20.4

2 66. S 289.0 54.1 9.4(3-4) t 22.3

3 68.5 283.5 58.8
> *r *<

6.2(3-4) n 24.9

« 66.0 285.0 56.4 "r e, 6.2(3-4) H 21.2

CAIAC0 68.3

66.4

290.8

295.6

53.?

43.7

11.7(3-4)

16.0(3) 11.3(3-4)

H 21.2

22.7
*f /» t

3 71.7 298.2 S5.5 17.2(3) 21.1(3-4) H 22.3

4 68.9 296.0 51.9 19.0(3) 15.4(3-4) ? 18.04

UESCO 1 64.4 286.4 51.4 V*j 5.8(3-4) J 21.0

2 68.6 290.0 59.0 13.2(3-4) H 23.9

enscco 70.2 103.7 124.4 5.6(2-3) ? -22.6

ElfSCCO' 68.8 110.2 134.0 8.0(2-3) T -21.5

SARCOE 61.4 44.3 105.7 14.7 7 -17.6

122.? 354.2 82.5 '•V \ 9.7(1)
18.6(2-3)

n 8.0

AEIACO 102.8 177.8 93 0
'«.!

5.9(1)
19.2(2-3)

■ 1 3

The presence of the planar carboxylato group and a rather large difference

in values of particular bond lengths and angles in the ring (see Fig. 3) impose

a specific shape of the six-membered cobalt(III)-amjno acid rings. Therefore,

some of the methods, developed for much more regular organic ring systems, could
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not indicate the real shape of the ring. This especially stands for the method, pn

posed by Foces-Foces et al. Most of the investigated rings are by this metho

described as H, even the six-membered ring in APRCOB, which is apparently I

The analysis of the asymmetry parameters shows that most of the rings ha\

a distorted conformation with the plane or axis of symmetry, or midway betwee

these two shapes. Boat conformation is observed only in compounds APRCOB an

AEIACO, where the six-membered amino acid ring is a corollary of two five

-membered rings.

• Puckering parameters, Q, <I> and 0, indicate the difference in conforrhatio

of (5-alaninato rings, the rings which are a part of the fused ring systems, and six

-membered rings which are corollary of two five-membered rings. A total puckerin

amplitude shows that (3-alaninato rings are less puckered than the six-membere<

rings of the fused ring systems, while the two compounds of the third group ar

most puckered. It is also evident that there is a difference in the puckering o

six-membered chelates depending on the mode of coordination of amino acid t<

the cobalt ion, he. on whether the fused ring system contains one or two mutual bond

(SARCOE and CAASPC, CALACO, LIESCO, ENSCCO, respectively). Thi

total puckering amplitude of SARCOE lies in the range of the values foun<

in p-alaninato rings. Values of O and 0 of all the six-membered rings, excep

those in APRCOB and AEIACO, lie in a relatively narrow range and define tht

shape as midway between E, S and H. The shape of six-membered chelates is

even more evident on the Boeyens's two-dimensional polar projection of the spherica;

surface. The inspection of this diagram shows that (J-alaninato rings in most cases

have a conformation which is midway between 5^4, SE or 5H4 or their enantiomeric

forms. The six-membered chelates of fused ring systems have the conformation

midway between Ea and 5He (and their enantiomeric forms), except the ring in

SARCOE, which is again more similar to (J-alaninato rings. Finally, the puckering

analysis and the Boeyens's diagram clearly indicate the shape of the rings in APRCOB

and AEIACO as boat. The validity of this description is supported by the analysis

of torsion angles.

The values of the puckering descriptor t are in accordance with the con

clusions obtained by the analysis of the total puckering amplitude, i.e. that p-

-alaninato rings and the six-membered chelate, which is a part of the fused ring

system containing one mutual bond, are less puckered than chelates in ring systems

with two mutual bonds. However, two boat conformations have large values of Q,

but small angles v. This is a consequence of the fact that t demonstrates the pucker

ing of the plane containing ligating nitrogen and oxygen atoms and two neigh

bouring carbon atoms, not the puckering of the whole ring.

The comparative analysis of the six-membered cobalt(TII)-amino acid rings

performed in this work indicated that most of the applied methods give valuable

results which are more or less coincident or complementary. Our opinion is that

puckering analysis and the Boeyens's nomenclature are most convenient, giving

all the conformational parameters which are necessary for theoretical and practical

considerations.

Acknowledgement. We thank Dr 5. R. Niketic for calculations of the t angles.
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H3BOfl

KOHOHryPAUHJE IIIECTO^JIAHHX XEJIATHHX nPCTEHOBA KOEAJITA(III) H

AMHHOKHCEJIHHA

PAJHA XEPAK 11 KAJIMAH HIHMOH*

HHduuuiytu 3a HyK.ieapue nayne ,,Eopuc Kugpun" , Eeoipag u *HdupaxueaHKU ueniuap Chimin

ByguMueiuiua

JJft 5n ce omo HajnoroAHiijH HamiH onHaraa&a cnein«pmiHHx KOHcbopMauHja mecro-

uiamtx xejiaTa aMiiHOKiicejiHHa, npnMen>emi cy paanHHHra mctoah KcrpaHOiBaiba xenaTa Co(III)

ca a.\uiHOK>icejiHHaMa. M3pa<iyHaBaB>a cy n3Bol)eHa y3 noiwoh MaTepujana KeMopKurcor ueinpa

3a KpHcrajiorpacbcKe no^arae h nporpa.vta RING, kojh aaje eujxowmjnmwz yrjiOBe Top3Hje,

napa.werpe Ha5npajb*, Boeyens-OBy HoiweHKnaiypy, napajneTpe acHMerpHje h KOHipopManjije

npcreHOBa. HapauyiUT je TaKotje h flecKpnnrop HaSnpaita t. LToper)eH>e noflaTaKa aoohbchhx

obhm n3paM>HaBaH>eM noKa3yje fla napaMeTpn HaBiipaita h Boeyens-OBa HOMemcnaTypa flajy

iujnoy3aaHHje noaaiKe A03Bo;baBajyhti KBaimrraTHBHO pa3jniKOBaH>e cjihhhhx, npumwro

HeperyjiapHKX oojiHKa.

(IIpHMJieHO 24. (peCpyapa 1983)
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The stability of laboratory made silica, and four commercial silica sols, were

studied in the presence of sodium chloride. It was shown that the coagulation of Si02

sols with sodium chloride does not depend on the SiOa particle size, for particles

ranging from 9 to 41 nm. The differences in critical coagulation concentrations

of various sodium salts (anion influence) are explained by taking into account ac

tivity coefficients of the electrolytes under study.

The coagulation of a colloidal system may take place influenced by numerous

factors such as the aging of the system, the change in the disperse phase concen

tration, the mechanical and the light action, the charge in temperature, etc. However,

the coagulation caused by adding an electrolyte into a sol, has the greatest theoretical

and practical importance of all. The interaction between a colloid and an electrolyte

depends on the nature of the solid phase, especially on its surface composition,

as well as on the type and the concentration of ionic species in the solution.

The stability of the hydrophobic colloids is mainly connected to the particle

charge, while this factor is less significant for hydrophilic colloids. The liophobic

colloids more easily coagulate under the electrolyte influence than the liophilic

ones. The factor that alters the surface charge will also influence the stability of

the sol itself. The size, the shape, the degree of hydration, the role of the ligand

in a complexation process, and other parameters, also play an important role.

The stability of colloidal Si02 in the presence of an electrolyte, was the

subject of numerous investigations1"18. On the basis of experimental results, Allen

and Matijevic2-5 have concluded that the Si02 sol coagulation mechanism is

different from those valid for liophobic colloids. They failed to correlate different

electrolyte critical coagulation concentrations with the electrophoretic mobility

and zeta potentials. Similar conclusions have been drawn by Depasse and Watillon7

and by Harding8, who have found that the behaviour of colloidal silica and small

Si02 particles could not be explained by the DLVO (Deryagin, Landau, Verwey,

Overbeek) theory. In order to interpret the mechanism of S1O2 coagulation produced

by electrolyte addition, Allen and Matijevic2-4"6 have shown that the ion exchange

of cations with silanol protons plays a dominant role in the Si02 sol destabilization

process. In other words, the Si02 surface dehydration, being a consequence of ion

exchange process, is responsible for the Si02 coagulation.
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1п Ыз гесет гЬеогеПса! риЪПсапоп, Ьук1ета17 аиетргЫ № т1егрге1 5Юг

соа§и1аиоп Ьу Ыгойиств а тоёШсаиоп т гпе БЬУО гпеогу. Уе*., 1пе ашпог17

сопс1ш1ес1 1па1 а! ргезет, (Ьеге аге по зиШаеп( тГогтаиоп гЬаг сап рго\чае

уелПсапоп оГ зисп а тосНПес! БЬУО (пеогу.

Ке^агсНезз оГ питегоиз риЪНсаиопз оп Йиз тапег, гпе теспашзт оГ (Не

со11о1ёа1 5Юг соа{*и1аиоп ргосезз саизес! Ьу ап е1естго1у1е, 18 зи11 по( с1еат, апс!

Бераззе апс! №ап11оп'з7 сопс1изюп гпаг Гиппег ехрептепсаиоп \уШ Ьс песеззагу

т отЛет 1о ипйегзгапс! 1пе ехал пашге оГ (Ых теспашзт, 15 (Ьегегоге )изйПеа.

ТЫз рарег ргезепгз 1пе сопйпиаиоп оГ оиг угогк (1еуо1ес1 ю (пе зшау оГ

со11о1с1а1 З1О2 згаЪШгу18-22. Неге, \уе ргезем 1пе гези1(з оп з(аЬШ(у о!"1пе 1аЬога-

югу ргерагес! со11о1<1а1 5Юг аз а Гипсиоп 01" рН оГ сНГГегепг зосИигп за1г зо1ииоп$

(гпе ашоп тсШиепсе). Оп (ле огпег папс1, аз а теапз оГ сотрапзоп, 1ёеписа1

ехрептеп(з Науе Ьееп реггогтеё изтв Гоиг соттегаа! 8Ю2 зо1з.

ЕХРЕК1МЕЫТАЬ

Р1уе шГГегеп! Гогп» оГ со1ЫсЫ зШса, опе 1аЬога(огу гладе (ЬсгетаГ(ег Летией аз сх-

рептепЫ зШса во1) апд (оиг соттегаа1 «Шса 5о18, «геге сЬозеп Гог <(аЬШ(у ехрегипепгз.

Ехрептеп1а1 гШса $о1. ТЬе зШса 8о1 \уаз ргерагей Ьу (Ье юп ехЬапве те(Ьо(1, «ЫсЬ

и зти1аг (о (Ье те(Ьоо! ёезспЬео! ш Игега1игеь23. Ациеош зо1ииоп оГ зсхИит зШсасе, Ьаушз

а та88 га(ю оГ ЗЮ1 : Ыа10 оГ 3 : 1, \^аз сШигеё (о 81Уе а зо1ииоп оопштод арргох. 3.5% 510;.

ап<1 раззсс! (Ьгоив;Ь а со1итп оГ Ьусковеп Гогт оГ ап лай юп ехсЬапве гезш (АтЬегШс 1К

120). ТЬе еГПиегК *о1иСюп оГ ро1узШас аас1 \уаз аИсаЬгеё Ьу айсИпв а зиГПает атоипг оГ зо-

<Иит Ьус1гохк1е зо1и(юп, (о рН Ггот 7.2 (о 7.6. 1п огйег (о <1еуе1ор а <1е81гед 812с пис)с1,

а рал оГ (Ье <И1и(е^ «о1 (1/6 ш \ о1ите) ^а8 Ьеа(е<1 ап(1 8(1гге(1 а( 375 К, Гог аЬош 1.5 Ь. ТЬе

гев( оГ (Ье еШиеп( «аз а<1с1ес1 (о (Ье ЬоШпв »о1 оуег а репо<1 оГ 3.5 Ь. ироп (Ьске сопс)1(1оп&,

а 8Ю] 8о1 т(Ь 9 пгп рагис1е$ \уаз оЬ(а1пес1.

СоттегсгаПШса $ок 8Шса 8о1з изес1 1п (Ь>8 луогк «еге N810088 1030 апс1 N810088 1060,

ргосгисм о{ N8100 СЬеписа1 Со. ; Зу(оп Х-30 ап(1 5у(оп ^-30, ргойис(8 оГ Могиапю Со. Ас-

согсИп8 (о (Ье тапиГааигеи, (Ье раг(1с1е8 аге попрогоив, с118сге(е, ишГогт, атогрЬоиз 81Нса

врЬегез.

ТЬе сЬагас(епга(1оп оС (Ье изес1 8о1в \уав ассотрИвЬес! Ьу йесептпшз (Ье соп(епс о(

8Ю1, N8*0, рН ап<1 ЗаОа раг(1с1е 81ге. ТЬе 8Ю« соп(еп( \уаз теазигей уо1ите(пс811у*4,м апй

8гау1те(пса11у. ТЬе уо1ите(пс те(Ьод24 луаз а1во изед т (Ье <1е(епшла(юг1 оС(Ье N816 соп1ет.

ТЬе зресЮс зигГасе агеа оГ (Ье зоНс! рЬазе «-аз с1е(егт1пеЛ Ьу (1(га(10п оГ (Ье зШса зигГасе питЬ

80<11ит Ьу(1гох1ёе,в.

ТЬе ргорег(1ез оГ а11 изед зШса зо1з аге Нзсеё т ТаЫс I.

ТАВЬЕ I. СЬагас(ег18(1СБ оГ зШса зо1з изес! Гог соави1а(1оп ехрегйпешз

ЬаЬогаЮгу Ыакоав

тайе 1030 1060 X—30 V?—30

8Шса ооп(еп(, 3.5 32 52 31 19

тав. % (30)* (50) (30) (30)

N■•0 соп(еп(. 0.036 — — — —

таз. % (0.34) (0.13)

рН 9.9 — — — —

(Ю.2) (8.5) (9.9) (10.2)

Рапк1е З1ге, 9 17 41 11 22

шп (11-16) (50—70) (25) (1251

8рес1Г1с зигГасе 294 160 66 244 125
агеа оГ зШса, тг8~' (190—270) (40—60) (250) (75)

*Уа1ие8 т рагетЬезез аге в'уеп Ьу (Ьс тапиГасшгег: зее геГегепое 27 ГогЫа!соае; зШса зо1?.

геГегепсе 28 Гог 8у(оп ргойис(з.
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ЛИ осЬег сЬеписаЬ изес! т (Ыз \\ огк луеге о!" А. К. цгайе, соттегмаНу ау1а1аЫе, аш!

п'еге шей \укЬои( ГипЬег рипПсаиоп. ТЬе зокикшз «его ргерагес! Ьу йоиЫу ЛзпПес! \\ аюг.

Рог 1Ье згаЬПку зШсИез 1Ье зШса сопсешгаиопз т^еге 1.0 в ЗЮа/250 ст3 е1е«го1у1е.

ТЬе рН сигаиоп (есЬшдие «-аз етр1оуе<1 Со Йекпгипе (Ье зтяЫШу о{ изед зШса зо1з.

ТЬе с1е(аПз оГ 1Ье ргоседиге Ьауе Ьееп ЛезспЬес1 ргеуюиз1у81. ТЬе гкгагюпв \уеге виг1е<1 Йгою

рН * 3, соггезропётг 1о гЬе роте оГ гего сЬаг§е оГ зШса82. А1 1Ыз рН \*а1ие, 1Ье зШса 18 сот-

р1е1е1у ш кз Ьусковеп Гогт.

Рпог Ю аскИпв гЬе е1есгго1у1е ю 1Ье зШса зо1, 1Ье рН о!" еасЬ «аз тШаПу афизсей (6

рН « 3 ш огёег № ауо\й соави1а1юп оГ 1Ье зо1. ТЬе ииат сопз1з(еЛ оГ 0.1 то1 сЬп-8 зокиюп

оГ ЫаОН. ТЬе {етрегатге \уаз тат1атес1 а1 298 ± 0.5 К, апё рипПес! Ы» в88 ™» ЬиЬЫед

(ЬгоивЬ 1Ье зизрепзюп с1ипп§ 1Ье иггагюп, \уЬПе 1Ье уо1ите оГ гЬе зизрепзюп «газ зПггсс! ул&

а тартеис зиггег. ТЬе гигаиоп ехрептеШз «еге сагпес! оШ т а РУС уеззе!.

КЕЗЦЬТЗ АЫО В18Си53ЮЫ

Зосиигп сЫопйе ^аз сЬозеп го зшс1у сЬе згаЬШгу оГ 1Ье ехрептепЫ зШса

зо1. ТЫз е1ес1го1у1е Ьаз Ьееп сЬозеп оп гЬе Ьаз1з оГ Пгегатге2-4-9, апй оиг21-22

гезикз, Ьесаизе 11 сап соади1а1е ЗЮг т *Ье рН гапде Ье1\уееп 7 апс! 12.

Ящ. 1 зЬо\уз т.Ье <1ерепс1епсе оГ 1о§атЬт оГ гЬе сгтса1 соа$^и1айоп соп-

сепгга1юп о( №С1 (1о§; СмасО, аз а Гипсиоп оГ рН Ног ехрептеп*а1 зШса апо!

5е1ес1ей соттегаа1 зШса зок. ТЬе соа§и1аиоп гоок р1асе т гЬе ге^юп аЬоуе

Ле иле. Зт^е, соттоп Нпеаг скрепёепсе 1о^ С^ла={(рН) 18 оЬт1пес1 Гог

 

1чв- 1. Списа! соаеи1аТ1оп сопсеп1га110п

оГ МаС1 Гог со11о1<Ш зШсаа аз а Гипсиоп

оГ рН. • 1аЬога(огу шаек, х Ыакоа^

1030, О Ыа1соаВ 1060, + ЗуЮп ^-30,

Л ЗуЮп Х-30. Г ^ 298 К.

 

МпС1

N^N0I

МпВгО,

НоСЮ,

Мабс
пси

Ю
рН

р18- 2. Списа1 соа8и1аиоп сопсепиаиспз

оГ уаг1оиз зоЛит за11з Гог 1аЬогаЮгу

та<1е зШса зо1 аз а Гипс1юп о{ рН.

Т - 298 К.

а11 (Ье зшЛес! ЗЮг зо1з. >У/е сап заГе1у сопс1ис!е 1ЬаГ 1Ье ехрептета1 з1Иса зо1

Нас! гЬе зате 51аЬ1И1у ргорег11е5, аз 1Ье соттегс1а1 «До. 51псс *Ье зшсИес! 51О2

5о1$ Ьаус сШТегеги зресШс зигГасе агеаз |.е. сИГГегепг. рагис1е 512ез, 11 сап Ье соп-

с1иаеа (сГ. 1гщ. 1) гЬаг. »Ье соа^икиоп оГ 8Ю2 зо1 игкЬ КаС1 с1оез пог ёерепс! оп (Ье

ратск з1ге т 1Ье ге§1оп 1"гот 9 го 41 пт, \уЫсЬ л^аз ехат^пес! Ьеге.

1п огс!ег го 1ПУезй§а1е *.Ье 1пПиепсе оГ ашопз оп гЬе со11о1с!а1 31О2 соади1а110п,

Ьез1(1е8 ЫаС!, гЬе соади1аг1оп ехрег1щетз \уеге а1зо регГогтеа! \У11Ь ИаВг, Ыа!,
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NaNOa, NaN02, NaBrOs and NaC103. The results obtained, in the form log C=

=f(pH), are displayed in Fig. 2. A single common line is obtained for NaCl,

NaBr and Nal, while for other sodium salts the influence of the anion on critical

coagulation concentration is evident, especially in the region C> I mol dm-3.

It should be pointed out that Depassc and Watillon7 state that the anion

nature does not have a significant influence on Si02 sol coagulation. Unfortunately,

these authors do not offer the information to which anion is the above observation

related to. Using NaCl, NaBr and Nal, Allen and Matijevic4 have found that the

nature of anion does not alter the coagulation of colloidal SiOj modified with AI

(Ludox AM).

The obtained differences in critical coagulation concentrations in the presence

of NaNC>3, NaBrOs and NaClC>3 in comparison to NaCl, could be explained by

introducing mean activity coefficients (y±) of the named electrolytes. If critical

coagulation concentrations, C (mol dm-3) are converted to critical coagulation

activities, a (mol kg-1), a single common dependence is obtained for all the electro

lytes studied here (Fig. 3). Densities, necessary to recalculate concentrations CZ

(mol dm-3) to the molality scale, m (mol kg-1), and corresponding mean activity

coefficients, are taken from literature29-30. Unfortunately, we could not find liter

ature y± data necessary for NaN02, and therefore the results for this electrolyte

are not incorporated in the data presented in Fig. 3.

x

X

• NaCl

• HqHO)

x

• NaBrOi

0 No Br
■ fjQ J

" N0C103

PM

Fig. 3. Critical coagulation activities of

various sodium electrolytes for laboratory

made silica sol as a function of pH.

T = 298 K.

Thus the anion influence on the Si02 sol coagulation is fully explained taking

into account the activity coefficients. It could be expected that, for a given pH,

the greatest concentration necessary to produce coagulation will be for an electrolyte

whose anion attracts Na+ ion the most. This has been proved in our experiments,

and it turned out to be NaBrOs (cf. Fig. 2.).

The judgment of the cation — anion bond strength, could be verified on

the ground of corresponding activity coefficients. Since the Na+—B1-O3 bond is

the strongest among the studied electrolytes, the mean activity coefficients of this

electrolyte have the lowest value, as compared to others. Normally the comparison

is valid for solutes at same concentration (isomolal solutions).
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In respect to corresponding chloride solutions, alkali metal sulphates exhibit

the same influence on colloidal Si02 coagulation as nitrites, nitrates, bromates

and chlorates. Allen and Matijevic4 have shown that the critical coagulation con

centration of Na2SC>4 (up to 0.5 mol dm 3) is similar to those of NaCl, regardless

nf the fact that Na2S04 contains a twofold amount of sodium ions. These authors

have shown, using appropriate activity coefficients, that the activity of Na* ions

at critical coagulation concentration is in good agreement for both electrolytes,

and this holds for all pH values. Similarly, in our recent studies21-22, covering the

concentration range limited by electrolyte solubility, the obtained differences in

critical coagulation concentration values for alkali metal sulphates and chlorides

have been advocated by taking into account the activity of the electrolytes used.
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CTABHJIHOCT KOJIOMflHOr CHJIHUHjyM-flHOKCHJIA Y nPHCYCTBy PA3JIH-

HHTHX HATPIIjyMOBIIX COJ1H

CJIOBOflAII K. MHJIOH>HTi, MHPOCJIAB M. KOnEMHH h 30JA E. HJWB

.laSopauiopuja 3a xeuujcny giiHauuxy u iipouecHy uiexnuKy, HHciuutuyiu 3a nyKAcapne uayxe

,,Eopuc Kugpun" , u. up. 522, 11001 Eeolpag

HcnHTHBaHa je CTaSmmocT KOJionflHor CHJiHUHjyiw-flHOKCHfla npiinpejHjbeHor y jiaSopa-

TopHjH Kao h Herapn KOMepuiijajwa npoii3Boaa, y npHcycrey HaTpnjyM-xjiopnfla. Ao5ujeHH

pe3yjrraTH yKa3yjy fla kojiohahh SiOs npiinpeMJBeH y jia5opaTopH)H HMa iicTe oco6i'.He, y no-

rjiefly cTaSiinBOCTH, Kao h oaroBapajyhn KOMepiuijajiHH npon3BO,nn. FIoKaaaHo je j\a Koary-

Jiamija SiOj cona no.Mohy HaTpHjyiw-xjiopima He 33BHCU oa sejiHMHHe tiecTHua ciumniijyM-

AHOKCH^a y oSnacTH 9 — 41 nm. ito5njeHe paajiHKe y BpeflHOCTHMa kphthvhiix KOHUCHTpaunja

KoarynauHje 3a pa3Jim»iTe HaTpujyMOBe cojih (yTHuaj aH)OHa) o5jamibcnc cy ysHMajyhii y

063HP KoetpiiinijeHTe aKTHBHOCTH obiix ejieKTponma.

(IIpHMJbeHO 7. MapTa 1983)
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The oxidation of formaldehyde was investigated on gold, silver, platinum,

palladium, rhodium and iridium electrodes in sodium hydroxide solution. A consid

erable activity for this reaction was found with all metals investigated, with a

negligible difference in activity of the platinum metals. Surprisingly, gold and

silver have shown a higher activity than the former metals. The hydrogen adsorption

on platinum metals, the AuOH formation on gold, and the oxide formation on

all the metals investigated inhibit the oxidation of formaldehyde. A physical ad

sorption of formaldehyde has been assumed. Formaldehyde interacts with a metal

surface through a water molecule chemisorbed on it. A reaction scheme is given

which assumes a formation of the gem-diol anion before the electrochemical re

action.

The electrochemical oxidation of small organic molecules, potential fuels,

has not been studied in alkaline solutions as much as in acid, because of carbonate

formation in the former. The interest is tilting towards alkaline solutions again,

since the elimination of carbonates seems to be a solvable problem. Besides the electro

chemical energy conversion, the oxidation of formaldehyde is interesting as the

reaction of a model molecule. A pronounced reactivity of formaldehyde on some

noble metal electrodes1-4 has been reported without detailed description of the

mechanism and kinetics of reaction. The reactivity in alkaline solutions contrasts

its behaviour in acid electrolytes. A special feature of the behaviour of formaldehyde

in alkaline solutions is a formation of the gem-diols, whose role in determining its

reactivity has not been clarified. In this work we report a comparative study of the

oxidation of formaldehyde on the Pt, Pd, Rh, Ir, Au and Ag electrodes in alkaline

solutions. A comparison of the reactivity of formaldehyde on these electrodes,

with a quite differing electronic structure could give some information on the

mechanism of its oxidation and on unusual reactivity observed with some of the

above electrodes. Data obtained with stationary electrodes will be given in this

work. The rotating disc studies, steady-state measurements and mechanistic and

kinetic data and analysis will be published on another occasion.
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ЕХРККШЕЫТАЬ

ТЬе згшИез ихгс сагпе<1 ои( ш I пю1 <1пг"3 N804 8о1и1юп ргерагеи1 (гот 1пр1у ЛиШка'

теагег ЛУ1(Н (Не а»(|Ца1юп Ггпт а1каНпс рсгтапв;апа1с. Ро1усгу81а11ше Ли, Ар. Р(, КН, IV.

апй 1г р1аЮ5 ю вегуе а» спе сел е1сс!гос<е8, Ьа\е Ьссп Пгм роНвЬес! Ю оЬсаш а ггиггог Г|ги$Ь.

АГ(ег роПзЬшв; 1Ье е1ссгеос1е$ \усге м-азЬей и>иЬ КОН ало! Н1*Юз 8о1ийоп8 апй ъЮтсб т 1пр1у

с11з(Шсс1 \уа1ег. ТНе соитег е1ес1гос1с «'аз а р1а(шит е1ес1го<1е. ТЬе геГегепсе екЛгсск «а?

а тегсигу тегсипс-озиае е1сс1гос1е соппсссес! \ча а Г.ивв'п сарШагу. АН ро(епиаЬ аге (русл

\-8. 1Ыз геГегепсе с1сс1гоо>. №1говсп чгм ЬиЬЫес1 (ЬгпивЬ 1пе е1ссгго1у1е ЬеГоге тсазигететв.

АН теа8игетеп(8 иегс сатсс1 ои1 а[ 22 ± ГС. ТЬе 5!а1с оГспс скстчк ьигГасе Ьаз Ьееп Пг5(

езиЪИзпей Ьу арр1> те 1Ье 8(ап(1аг(1 ро(епиа1 ьисср (ссптдис ш (Ьс аЬзепсе оГ ГогтаИсЬуйс.

РагаГогтаУсЬуйс Ьаз Ьееп геПихсс! с1илпв Гоиг Ьоиге т огдсг (о оЬсаш а риге ГсгтаШеЬуо'е.

РогтаМеЬуде \уаз ас1с1ес1 ю гЬе е1сс(го1у1е ш 1Ье сопсетгагюп оГ 0. ! то1 Лтп'3. ТЬе згап<1агс1

агсиигу шсЧиЛсй а РАКМос1е1 173 ро(епио8(а(, а РАК Мос1е1 175 игиЧ'егеа! рговгаттег апс1

а Нс\у1си-Раскагс1 XV гесогдег. РоСспиа! 8\\еерв Ьа\е Ьееп та4с а( а га1е оГ 10 ю 50 тУ а-1.

КЕ5иЬТ5

ОоЫ. 1чр. 1 5Ьз\У5 уо1гатте1гу сиг\с5 Гог гЬе ох1(1аиоп оГНСНО ш 1 то1 с1т~3

КаОН. ТЬе сигге Гог Аи ил 1Ье аЬзепсс оГ НСНО 15 р1Уеп Ьу а с1а5Ьес1 Ипе. Оо1с1

&Ьо\У8 ехсерпопа1 астчгу Гог гЫз гсаспоп. ТЬе охЫаиоп соттспсе» а1 гЬе \егу

перапуе ро1егта15 -0.8 V). Ргот —0.3 го +0.4 V а р1аг.еаи-Нкс герюп 15

5ссп, ууЫсЬ 15 саиясс! Ьу а сотЫпес1 ёШ'шюп апс1 ктеПс соп1го1 оГ гЬе геаспоп

гаю. А сенат йссгеаве оГ 1Ьс сиггет 15 ш Гаа зееп т 1Ы5 рог.епиа1 герюп. 51ти1-

(апеош ЬусЬореп еУо1ииоп, оЬвегуес! тат1у Гог Аи апс1 Ар, 15 опе оГ г.Ьс саи5с

 

р18- 1- Уокатте1гу сигуез Гог Аи т 2. ТЬе вате Йаи аз ш Нв- 1 Ьш

1 то1 (1т -* ЫаОН ипЬоШ (- -) апс1 \У11Ь Гог Ав-

(—) 0.1 тоЫт-3 НСНО. 5\\сср га(е

50 тУ а-».
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о!" Л1з йесгеазе. II а1зо сотаскз \у1Л Ле ОН айзогрпоп оп Аи, Гогпипд АиОН,

\у«Ь а рагиаЛу сизсЬагдес! ОН зреаез4. Ап аЬгирг Га11 о!- Ле сиггет сотадез

\етЛ а Гогтаиоп оГ гЬе Ьи1к ^оИ охИе. ТЬе §оЫ ох1с!е 18 рагиаИу гес1исес1 \«Л

НСНО, кшсе Ле реак т саЛосИс §от§ зу/еер оссигз а* а рогепиа1 1езз розЫуе

Лап Ле гедисйоп оГ охМе (Рщ. 1). Ап ехсерйопа11у Ы§Ь апс! пагго\у сиггет

зр1ке (^50 тА ст~2) 18 зееп а1 0.4 V. 1( 18 ап тсисапоп оГ Ле розз1Ые озсШаюгу

рЬепотепа Лаг гш§Ьг оссиг улЛ Л1з зузтет. АЛег гЫз зр1ке Ле сиггет §гас!-

иа11у ГаШ го гего а! — 0.85 V. №пЬ Ле сопсетгаиоп оГНСНО аЪоуе 0.3 то1/с1т3

озсШаиопз геасШу оссиг.

8Иьег. Еуеп Ы§Ьег асЛ'ку 1пап \уиЬ §о1с1 18 оЪзегуес! улЛ Ле зПуег ексПоск.

р1^. 2 8По\уз Ле уо11атте[гу сигуез !ог зИуег т зосНит Ьус!гох1с!е шЛоиг апс!

нетЛ ГогтаИеЬуск. ТЬе апосЬс рогепиа1 Игшг Ьаз Ьееп 8с1есгес! т зисЬ а \уау аз

го ауо1с! а Гогщаиоп о!" зПуег ох1с!е. 1Г Ле зу/еер епсотраззез Ле рогеп11а1з у/Ьеге

зПуег охЫез аге Гогтес!, Ле е1ес1гос1е §гас!иа11у 1о8ез кз асЛагу. ТЬе реак а*

— 0.25 V 13 пог сИгТимоп сотгоНес!. 1г 18 аззоааТес! \укЬ а Ы§Ь сиггет скпзиу,

*40 тА ст-2, саизт» а Гогтаооп оГ а сопзШегаЫе атоит о!" ^азеоиз ЬусЬо^еп

апс! оЛег геаспсп ргос!ис1з \уЫсЬ рагиаИу Ыоск Ле 8игГасе. ТЫз 18 Ле геазоп

\уЬу аг ЫдЬег апооНс рогепиа!, 1.е., Ы^Ьег оуегуо1га§е гог Ле охИаиоп оГ СНгО,

по ГигЛег тсгеазе ш Ле сиггет 18 зееп. АпоЛег тсУсайоп оГ а уегу ЫдЬ асиуку

о!" зПуег Гог гЫз гсасгюп 18 Ле уегу педаЛ^е, —0.8 V, тар^ет рогепиа1 Гог гЫз

геасиоп.

Р1айпит. ТЬе охМаиоп оГ НСНО оп Рг зЬо\уз а сНГГегет ЪеЬаУюиг т сот-

рапзоп \укЬ Аи ог Ад. ТЬе геасйоп соттепсез а1 тоге розтуе рогепЛиз, — 0.52 V,

\\ЫсЬ 18 ошз1с!е гЬе Ьу^го^еп асЫгр1юп ге§10п Гог Рг (р1§. 3). ТЬе сиггет т-

сгеазез ир то Ле Ъе^пшпд оГ ох1с!е 1"огтаГ10п оп Рг, &\'т% Ле реак аг Ле уо1-

гаттеГгу сигуе 1п гпаг рогепг1а1 ге$роп. Аз гЬе соуега§е о!" охИе 1псгеа8ез, Ле

 
1
ТГ
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сиггет рго§5ге881уе1у ГаНз геасЬшв аЬпозг. а тего уа1ие аг. <%;+0.7 V. А1 -(-0.3 V

зеуега! зтаН овсШаиопз арреаг, дуЫсЬ аге пог. тисЬ аГГестеё Ъу а уапаиоп о!'

гЬе зшеер гаге Ггот 10 го 50 тУ в-1. ТЬе з\уеер т Де сагЬсчИс (Игеспоп зЬолуз

ап тсЬсаиоп оГ озсШаиопз аг. а зоте\упас тоге пе^ат-е рогепиа1 спап т тЬе

апосис %от% 8\уеер, еуЫепНу аие го гЬе 1ггеуег81ЫИгу оГ ох1ае гедисиоп. А

сотр1е1е геаисглоп оГ охМс сотааез \уйЬ Ле сиггет зрНсе о! ох1ааиоп оГСН-зО.

РипЬег, *.Ье сиггет йесгеазез \уиЬ тсгеазе оГ Ле рог.епиа1 т педопуе оигесгюп.

ШгоЛит, РаПаНит, Ыйшт. ТЬезе (.Ьгее тсгак зЬои' опе соттоп Геатге: гЬе

ох1(1аиоп оГ НСНО оп г.Ьет соттепсез ргас1иа11у аз гЬе соуегаде оГ аазогоей

Ьуаго^еп роез го хего (1ч§з 4—6): ТЬе зате Геашге ^аз оЬзегуеё >упЬ Рг (Р1р. 3).

ТЬе ох1де Гогтаиоп тЫЫгз гЬе геасиоп. 11роп ох1<1е геаиспоп, гЬе сиггет

I ■— Г 1 1 1

 

Р|В. 5. ТЬе $ате (1а(а аз т р1($. I Ъш Р1({. 6. Уокаттеггу сигге» Гог 1г ш

Гог Ра. 1 то1 с1т-» ЫаОН ^кЬ 0.1 пЫ^-»

НСНО. 5тееер гаге 10 тУ »-'.

зр1ке 18 зееп (от Р6 (Р15. 4), Ъш пог. 1'ог КЬ шкЬ а §1Уеп апошс рогеппа1 Нти

(р1^. 5). №кЬ а з1о\у з\уеер, 10 тУ 8-1, \уиЬ 1г 11 18 розз^Ые го оЬгат ге^и1аг

сиггет озсШаиопз, \уЫсЬ сап Ье аз ЫдЬ аз 35 тА/ст2 (Р'щ. 6). 1г 15 а]зо зигрпзт?

гЬаг. гЬе асиЧгагу оГ гЬсяе Лгее е1есггойез 18 81гш1аг апа* с1озе ю гЬе оп о( Рг.

015Си55ЮЫ

ТЬе ох1с1аиоп оГ НСНО оп поЫе тега! е1ес1гойез ш а1ка1те зо1ииоп$

18 а тисЬ 1'азг.ег геасиоп г.Ьап т аас1 е1ессго1у1ез.

ТЫ$ Ьаз Ьееп а1геас1у ротгес! ои* Ьу У^екисЬ1, игкЬош е1аЬогаип§ оп

гЫз сЫТегепсе. 8иоп§1у Ьоипс! тгегтпеалагез оп Рг, гЬе ЪезТ. сагягузг. т аай е1ес-

1го1усез, аесгеазе 1гз асиуцу5, Ьиг еуеп уупеп гЫз 18 ргеуепгей6, тЬе астпгу
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15 Ьу тоге сЬап опе огаег оГ щадшсис1е зтаПег Лап т а1каНез. 1п \уагег зоЫсюпз

аИеЬуйез Гогт дет-Ло18. ТЬе ео,иШЬпит сопзсапс Гог Ле геасСюп оГ ЩО апс1

НСНО 18 103 шАсасшд спас ш \уасег зоЫсюпз НСНО 18 аЬпозс а11 т Ле Гогт

оГ СНг(ОН)г 7. 1п а1каНпе зоитопз аррагепс1у аИеЬуйез Гогт дет-аю1 ашопз

ш а ге\'ег81Ь1с пискорЫНс аскЬсюп оГ пуЛ-ох&е со СЬе сагЬопу1 дгоир ассогАпд

ю спе геассюп8,

о-

КСНО+ОН-^К—С—Н. (1)

I

ОН

/итап ее а\. 8-9 апс! Мапоизек ап<1 Уо1ке 10 Ьауе Гоипс! еуШепсе Лас сЫз и

Ле е1есггоасС1уе зреаез т Ле апоЛс охЫаиоп оГ уапоиз аМеЬуа'ез. ТЫз У1елу

13 зиррогСеа Ьу Мо1гоих ее а!. 11>12 апс! Уап ЕГГеп апс1 Еуапз 13«14.

Мозг оГ Ле ёаса оп Ле ох1с1асюп оГ аЫеЬуаез оп уапоиз е1ессгос!ез зиддевс

Лас Леу аге ахМгей ш а С\уо-е1ессгоп 1ггеусгз1Ые ргосезз го Ле соггезропсНпд

сагЬоху1асе 13-14. ЗАШе ее а1. 11 туокеё а сЬеписа1 геассюп оГ аскогЬеа щопо-

юшгей а1с1еЬус1е ЬуЛасе ап<1 зигГасе ох1с1ез оГ доЫ ап<1 р1астит со ехр1аш сЫз

геассюп. 31тш1аг сопс1изюп паз Ьееп геасЬеа1 Ьу 2шпап ег а/.8 Гог тегеигу.

Уап ЕГГеп апа Еуапз 13-14 Ьауе сопсЫаеа* сЬас оп Ад аш! Аи зигГасез, пос соуегеа

Ьу охМез, а тесЬатзт т\'о1уез а Агесс е1ессгосЬеппса1 ргосезз \упЬ Ле ох1Атоп

оГ дет-Ао1асе.

ТЬе гезиЬз оГ сЫз ^огк с1еаг1у зЬо\у Лас Ле геассюп сакез р1асе оп Аи

ап(1 Ад екесгоаез т Ле гедюп \уЬеге по рЬазе ох1Йе ог аа'зогЬеа О ог ОН ех1зг

оп Ае зигГасе (Рщз 1 апс1 2). ТЬеге 18 по еу1с1епсе (паи оп Ад т а1каНпе зоЫсюпз

апу Гогт оГ охШе ог сЬегшзогЬеё ОН, ехсерс зоте зреаПс ааяогргюп оГ ОН-,

ех181 ЬеГоге АдгО Гогтасюп ас +0.25 V. ТЫз ро(епт!а1 18 оисз1ае гЬе росепиа1

гедюп епсотраззеи Ьу Уо1саттодгат т ЬЧд. 2. ТЬе ОН~ а<18огр110п оп Аи,

Гогттв АиОН, ргесейез Ае охЫе 1Ъгтаг1оп Ьу зеуега1 ЬипАес1 т11Нуо118 (Р'щ. 1).

ТЫз 18 а 81гопб сЬет180гр11оп о!* ОН" у/11Ь а рагГ1а1 сЬаг^е 1гапз{'ег. 1гз соуега^е

15 аЬоиг опе гЫга оГ а топо1ауег, дуЫсЬ 1ес1 Апёе1-зге1п-Ко21о^зка ее а/.15

со аззите 118 ексСгозогрПоп уакпее уон~= — 0.35. Ад±\с ее а/.18 Ьауе зЬо\уп

гесет1у Лаг Ле Гогтапоп оГ АиОН 18 Ы§Ыу с!ерепс1епг оп Ле сгуз1а11о§гарЬ1с

опепШюп оГ зигГасе. Е1§. 1 т Гасс зЬо\уз Лас 1п сЬе ге§юп оГ АиОН ГогтаС1оп

оГ а соитепс р1асеаи 18 зееп. ТЫз зиддезСз сЬас АиОН 13 а 1езз зи1саЫе зигГасе

сог Ае ох1иаС10п оГ НСНО спап теСа1Нс ^оИ. ТЬе сиггепс зр1ке, Го1очгт@ сЬе

Ьи1к ох1йе гесЫссюп, 13 ргоЬаЫу с1ие Со сЬе геассюп оп сЬе с1еап АиОН-Ггее

«игГасе, ^уЫсЬ 18 ауа11аЫе Гог сЬе тсегасиоп \У1сЬ НСНО ас сЬас росеппа! Ьесаизе

о!" с е 1ош соуега^е оГ АиОН.

А зггопе 1пАсаС1оп сЬас а с1еап теса1 зигГасе 18 сЬе Ьезс саса1узс Гог сЬе

ох1аас1оп оГ НСНО Ьаз Ьееп а1зо оЬса1пес1 Ггот сЬе ааса Гог Рс, КЬ, Ри апс1 1г

е1еаго(1е8. 1п еасЬ сазе сЬе геассшп ргосееоз ас а сопзШегаЫе гасе огиу 1П сЬе

ЛоиЫе 1ауег ге§1оп \уЬеге сЬеге 13 по, е1сЬег Ьус1го§еп ог оху^еп аазофс1оп ог

ох1ае Гогтас1оп (Р^з 3—6). А сотрапзоп оГ сЬе асС1У1Су оГ Аи апс! Ад \У1СЬ

"<1-теса18" Рс, РА, Ра1 апё 1г зЬо\уз ап ипехрессес! р1ссиге. Ад апи Аи е1ессгоаез

аге тоге асиуе спап сЬе р1аС1пит теса1з. ТЫз сап Ье зееп Ггот 1чд. 7, \уЬсге

Ае сиггепс ас Е= — 0.2 V 18 рк>ссей адатзе сЬе 1асепс Ьеас оГ 8иЬНтас1оп оГ теса1з.

8ее а1зо ТаЫе I.
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ЦП*

р18. 7. Р1о1 оГ 1Ье сштсшз оГ 1Ье 0x1-

<1апоп сГ НСНО оп поЫе те1аЬ а1

Е = — 0.2У 85 а Гипсгюп оГ 1Ье Ьеа1

оС аиЫйпаиоп оГ теЫз. (Рог Ав

Е = -0.4 V).

ТАВШ I. 1пар|еги ро1спиа1 оГ [Не ох^аиоп оГ СН1О; ро(епиа1 оГ 1пе сотр1е1е Ьускокеп

йеяогриоп лпЛ 1пс сиггет оГ (Ье сшсЫюп оГ СН»0 а1 -0.2 V а» а Гипсгюп о!" гЬе пасите оГ

е!ес1го<1е та(епа1.

Е1сс(гоае

Аи

Ак

Р|

Кп

1М

1г

-0.85

-0.8

0.52

-0.50

-0.52

0.6

1пар1еп( Ро(епиа1 оГ

Рсиепгш! Нуаговеп Оезогрпоп

(V) (V)

Сиггет а(

(тА от

-0.2 V

0.50

-0.58

-0.50

0.6

17

40 (-0.4 V)

12

6.5

7

6

ОоМ изиаИу схгиЫ1з а уегу 1о\у ассЫсу Гог Ле охИапоп оГ зтаП огдашс

то1сси1ез т Ьо1п аас1 ап(1 а1каПпс е1есг.го1у1е5 г. Сигуез зисЬ аз т р1$;. 7 Гог

1пе охк1аг.н>п оГ зеуега! ог^гатс то1еси1ез р\-е гпе зо-са11ес1 "уокапо" сиг\е,

\У1сН р1агтит оп гпе арох оГ гЬе рагаЬо1а. А 1аск оГ Ле Уо1сапо ге1аг.юпзЫр Гог

1Н13 гсасиоп тау Ьс с1ис ю а сШТегет теспашзт оГ геаспоп оп гпе аЪоуе е1есг.гос1ез.

ТЫз 18 по! Ьо\ус\'сг шсНсасес! Ьу оиг с!а1а, ог огпег аигпогз с1аг.а13-14. Роггпасе

13 1пс тат ргос1исг оГ гЫз геасЫоп оп Аи апс! Рг. Оп гЫз Ьаз1з ше пауе аззитеа'

{Ье Го11отпк геаспоп зсЬетс Гог гпе ох1с!аг.юп оГ НСНО оп гпе поЫе тега1

е1ес1пх1ез т а1каНпе е1есСго1угез :

о-

НСНО + ОН ~ Н-С—НОН

ОН
 

Н—С—Н НСОО-+2Н8.1

ОН

2Н.а -► 2Н-+2е

(3)

(4:
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ТЬе Нг еУоЫтлоп оп Аи апс1 Ад оЬзегуес1 аЧтп§ 1Ье геасиоп теапз сЬас а11 Наа

15 пог. ох1сИгес1 Ьу геасгюп (4). 8оте Наа гесотЫпе тто те Ьуаго^еп то1еси1е.

2 Нал -> Н2 (5)

5оте зггоп§1у Ьоипс! шСегтесИасе, оЛеп епсоипгегеа1 ш асЫ 8о1и(юпз, соиЫ Ье

а саше оГ а 1о\уег асйуку оГ р1аглпит теТ.а15. 1п огс1ег го сЬеск т18, гЬе Рг е1ест.гос1е

аГгег пЬе охикнюп НСНО Ьаз Ьееп гетоуеа1 ггот Йге се11, у/азЬео". л^1гЬ а с1е-

аешес1 у/а1ег апс1 ггапзГеггес1 т(о а пе\у се11 ^кЬ а ёеаегагес! е1ес1го1уТе. ТЬе

рогепиа1 сопсго1 Ьаз Ьееп гетоуес! у/Ьеп те е1есггос1е \уаз а! гЬе рогептДа1 о(

Ьуйго^еп аазогриоп апс1 ш гЬе с1оиЫе 1ауег гедюп оГ Рс. ТЬе Пгз1 зчуеер йот

гЬе сатосНс Пти го гЬе ох^ёе Гогтапоп сЬс1 пог таЧсаге апу ргезепсе ог" огдашс

зреаез оп гЬе зигГасе. ТЫз з1гопд1у шсЬсасез таг. пеиЬег НСНО, пог 118 1тег-

тесиагез аге 81гопд1у ас1зогЬес1 оп те Рг. е1ессгос1е. ТЬе заще с1ат.а Ьауе Ьееп оЬгатей

\мгЬ Аи. 1п ог<1ег го оЫат тоге геНаЫе йвха. оп айзогрйоп оГ НСНО оп те

поЫе те1а1 ексг.гоа'ез, ап ехрептепг. у/иЬ гп яги 1К геПесгапсе зресггозсору 17

15 р1аппес1.

То ехр1ат а 1аск оГ *Ье уо1сапо ге1аиопзЫр, 1.е. а згда11 уапасюп щ асйуку

оГ е1ес1гойез уЛЛ гЬе патге ог* те та(епа1, у/е Ьауе аауапсес1 а Ьуротез1з гЬаг.

те НСНО то1еси1е йоез пог соте тго а сЬгесг сомасг. \у".т сЬе е1ес1гос1е зигГасе.

ТЫз У1е\у »з зирропес". Ьу гЬе Гас1 гЬа1 Ле ас1зогрйоп оГ зеуега1 зреаез тЫЬкз

тЬе геасйоп. ТЬе Ьуйгодеп аёзогриоп оп ркипит тега1з апс! те АиОН югтаскт

оп %о\й Ьауе зисЬ ап еГГесг, аз зееп ш Р^з. 1, 3—6. ТЬе тЫЪтоп 18 а!зо саизес1

Ьу те С1~, Вг~ апй I- аёзогриоп 14. ТЬе аскиотз оГРЬ, Т1 апс1 В1 саизе тЫЬшоп

шЬеп ас1зогЬей оп док1, Ьи1 а зСгопд сага1уис еГГесг дуЬеп ас1зогЬес1 оп гЬе АиОН

1ауег. ТаЫе I зЬодуз таг те 1пс1р1еп1 рогемШ {от Ле геас11оп сотс1Йез лу1гЬ те

рогеп11а1з у^Ьеге 0н-*О тг Р*, КЬ, Ро! апд. 1г. Оп Аи апа" А§ :Ье геасиоп сощ-

тепсез а1 тисЬ тоге пе^аиуе роГеп11а1з, с1озе Ю Ьус1го§еп еуо1и110п, 81псе Леге

18 по ЬусЬо^еп ас1зогр110п оп тезе 1у/о те1а1з.

ТЫз еххгете зепз111У11у го те айзогрг1оп о( уапоиз зреаез оп е1есггос1е

зигГасе зи^везгз гЬаг гЬе НСНО то1еси1е Гогтз оп1у а \уеак аа"80гр11оп Ьопй.

II 18 ргоЬаЫу рЬу81са11у аазогЬей оп гЬе зигГасе \у1гЬ а 1ауег оГ сЬет1зогЬес1

\уа1ег Ьепуееп гЬе тега1 апй НСНО. N0 НСНО ог 1п1егтешаге ог* 118 ох1с!апоп

Ьаз Ьееп с1егесге(1 1п гЬе ехрег1тепг йезспЬес! аЬоуе \У11Ь а ггапзгег о( е1есЛгос1е

аЛег \уазЫп8 11 1Шо гЬе НСНО-1*гее е1ес1го1у*е. ТЫз соггоЬогаГез те ргеУ1оиз

сопсЫзюп. А 81т11аг сопс1из10п Ьаз Ьееп геасЬей Ьу >Х^1еско\У8к1 ее ей. 18 т

гЬе сазе оГ аскогрг^оп оГ асег^с ас!^ оп р1аипит, доИ апй гЬошит екеггоёев.

ТЬе рЬуз1са1 айзофГ^оп ог" асепс лс\& у/1т а 1ауег о!" у/агег Ьегшееп 11 апд те

е1естгоде зигГасе Ьаз Ьееп аззитей. ТЬе сЬет1зогр110п оГ ^а1ег оп екеггойе зиг-

Гасез 18 а танег оГ зоте сотгоуегзу. 8сЬик2е 19 Ьаз Гоипй еУ1Йепсе юг а зггопд

сЬет18огрг10п 01" у/агег оп р1а11пит екеггойе, у/ЫсЬ Ьаз Ьееп сИзри(её Ьу Ногапу1

« а/. 20 апс1 Кагаг^поу апа" АпсЬееу п. Ргитк^п апс1 Батазкт 23 Ьауе соп-

51с1егед 11 1п те сазе 01" тегеигу. ЕУ1Йепг1у 1п огйег Со дат а тоге геНаЫе тГог-

таиоп оп гЬе го1е ог* у/агег 1п 1Ье ох1с!а110п 01" НСНО оп гЬе поЫе те1а1з т

а1каНпе зоЫиопз а зигГасе зресШс, гп $ии зресггозсор1с гесЬп1яие 18 пеейес!. II

арреагз 1Ьаг сЬе 1К геПеЛапсе зресггозсору 13 те тозг зи11аЬ1е Гог 1Ь1з газк.

ТЬеве йага Ье геропес! аг а шгиге Йа1е.

АскпшЫвгтеМ. ТЬе ашЬом аге рказей (о аскпо\у1е<18е аирроп оС 1Ы8 *огк Ьу 1Ье

КезеагсЬ Рип<1 оГ ЗегЫа, Ве^гайе.

а
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H3BOA

OKCHflAUHJA OOPMAJIflEXHflA HA EJIEKTPO.ttAMA OR RJIEMEHHTHX

METAJIA y AJIKAJIHHM PACTBOPHMA

MHJIKA JI. ABPAMOB-HBH-E n PAJJOCJTAB P. AUHTi

HHciiiuuiyui 3a e.iexuipoxeMujy, HXTM u Ueniuap 3a nymuugucv^uuAUHapHe c&yguje ynueep3u-

iueuia y Eeoipagy u. up. 815, 11001, Eeoipag

OKCHA&iwja (J)opMa^Aexnfla je ncnHTana Ha ejieKipo/iaMa ofl ajiaia, cpeopa, njiaTHHe,

najiaoHjyMa, poflHjyivia h HpHAHjy.Ma y pacreopy HaTpiijyM-xHflpoKCH^a. HatjeM je 3aHCMap-

jbHBa pa3JiHKa y 8kthbhocth nuaraHCKHx MeTajia 3a obj' peaKUHjy h Henrro Beha bktkbhoct

anaTa h cpeopa. He nocTojH 3aBHCHOcr Tiina ByjnxaHCKe Kpime aKTHBHOcnt MeTajia oa H>irxoBe

npHpoAe. AflcopnuHja boaohhks Ha njianmcKHM MCTamuwa, AuOH Ha awry h (popMiipaH>a

OKCHAa Ha CBHM HcnHTHBamiM MeTajin.Ma mixiiSiipa peaKimjy. ripernocTaBJbeHa je <pi>3Hxn<a

aflcopninija cpopMajiAexHAa Ha obhm ejieKTpoAaMa ca MOJKKyjioM BOfle H3Met)y. jlpra je pe-

aKioiOHa cxeiwa Koja yiubyryje cpopMiipaibe reiw-flHoji aHjona npe cneicrpoxeMnjcKe OKCimauiije

Koja Te«ie y3 uaMeHy flBa ejieicrpoHa no MoncKyjiy h tpopMitpaibe (popMitjaTa nao npo^vKTa

peanuHje.

(npHMJbeHO 21. (peSpyapa 1983)
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Changes occurring in the structure of a low-temperature catalyst containing

chromium-zinc-copper during hydrogen reduction and longer operation under

industrial conditions were followed by X-ray structural and differential thermal

analysis. The results of the investigation indicate that the basic phases of this cat

alyst are zinc-chromium spinel and the dispersed phase of copper oxide which

during hydrogen reduction transforms into the elemental copper phase — the active

component of low-temperature catalysts. Catalyst aging in an industrial reactor is

characterized by the appearance of elemental copper phase agglomeration which

is reflected in the deterioration of the catalyst activity.

In the literature and industrial practice low-temperature catalysts for carbon

monoxide conversion with chromium are known, in which the presence of chromium

lies between quantities characteristic for promoters to quantities that are greater

than the other two basic components (zinc, copper)1-3.

Depending on the presence in the catalyst, chromium may appear as the

component chromium oxide or, in the catalyst system at various temperatures

chromate or chromite is formed or spinel or solid solutions4-8, so the investigation

of the function of chromium in low-temperature catalysts uses model systems

of copper or zinc chromate and chromite6'7.

Within our investigations of several catalyst systems for the conversion of

carbon monoxide8-9, in this paper the changes in structure of an industrial catalyst

containing chromium-zinc-copper during reduction — hydrogen activation and

changes occurring in the catalyst structure under reaction conditions during indu

strial use were followed.
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EXPERIMENTAL PROCEDURE

The phase composition of the catalyst at ambient temperature and in air atmosphere was

followed by X-ray structural analysis with a diffractometer Philips, model PW. Phase changes

that occur in the catalyst during reduction — activation at elevated temperatures in hydrogen

atmosphere, were followed by a high-temperature X-ray chamber of the type NTK-10, A. Paar,

Austria.

The thermal properties of the catalyst were investigated by differential thermal analysis

with an apparatus with automatic heating regulation and temperature recording, Stanton model

6—25, with the possibility of following the process under gaseous conditions.

For investigating the activity and thermal stability of the catalyst a flow apparatus with

an integral reactor of the volume of 100 cm3 of our own design was used10. The apparatus was

constructed according to the instructions of an American catalyst producer, Catalyst and Chem

ical Inc., with the simulation of conditions applied in industrial processes.

The specific area of the catalyst was determined by the BET method from nitrogen ad

sorption isotherms taken at —196.5° in a static volumetric apparatus.

RESULTS AND DISCUSSION

The results of investigating the state of phases in an industrial chromium-

-zinc-copper catalyst are shown in Figure 1 . X-Ray 1 shows the state of phases

of the new used catalyst obtained by recording in air atmosphere at 20°. The distinct

lines of zinc-chromium spinel (ZnCr2C>4) and the copper oxide (CuO) phase with

characteristic and diffuse lines are identified to the greatest degree, while the zinc

oxide (ZnO) and chromium oxide (CfoOs) phases appear as weak characteristic

lines. This visible state of phases of the unreduced catalyst sample indicates that

the basic components, copper oxide and zinc spinel with chromium, and the free

phases of zinc oxide and chromium oxide are present in smaller quantities, formed

in the process of catalyst synthesis under certain temperature conditions and initial

material composition11-13.

In the process of reduction — catalyst activation in hydrogen atmosphere

at 225° (X-ray 2) no significant changes in the number and intensity of lines of the

 

Fig. 1. X-Ray structural analysis of the new-unused chromium-zinc-copper catalyst.

1. At 20° in air, 2. After reduction in hydrogen at 225°, 3. After reduction in hydrogen

at 350°, 4. At 30° after reduction at 225° and cooling in hydrogen
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zinc-chromium spinel are noted, nor the line of zinc and chromium oxide in regard

to the unreduced catalyst sample (X-ray 1), but changes are noted in the copper

oxide phase which transforms to the elemental copper phase and is identified by

weakly expressed — several amorphous lines which is in contrast with the quantity

of copper present in the catalyst.

From the results of investigating the activity and thermal stability (Table I)

it may be seen that the best catalyst operating conditions are in the range 1 80—250°,

that the catalyst overheated to 350° does not show any changes in activity when

returned to operating conditions (180—250°); that the catalyst activity is regained

more slowly in operating conditions when overheated to 400° and with much more

difficulty when overheated to 450°; that when overheated to 500° the catalyst

irreversibly loses its activity.

TABLE I. Activity and thermal stability of the chromium-zinc-copper catalyst

Temperature % CO in the outgoing

dry gas

Conversion

°C %

180 — 250 0.1 96.6

260 — 350 0.2 93.3

360 — 400 0.4 86.3

410 — 450 0.6 79.5

500 1.0 66.0

Regarding the very good results that are obtained for activity under operating

conditions (Table I) and keeping in mind the definitely determined fact that for

the activity of low-temperature catalysts the determining factor is the crystalline

structure of elemental copper14-15, it may be concluded that for this catalyst the

crystalline particles of elemental copper are found in dispersed form on the

surface of zinc-chromium spinel which in this case has the function of carrier of

the active component, so due to the insufficient sensitivity of the method, copper

is identified in the form of weakly expressed, amorphous lines (X-ray 2).

The results that are obtained for catalyst reduction to 350° (X-ray 3) and

the state of phases after cooling in hydrogen to 30° (X-ray 4) indicate that this

catalyst has good thermal stability which is also in agreement with results for the

activity during catalyst overheating to 350° (Table I).

Investigations of the specific area as a parameter of the catalyst texture

(Fig. 2) indicate that their size is within limits that enable the best occurrence of

the reaction of carbon monoxide conversion by water vapour. This follows from

the phase state of the catalyst with zinc-chromium spinel as a carrier and a very

dispersed copper phase as the active component which is distributed in the carrier

which enabled the formation of a certain catalyst texture. The state of the specific

surface after overheating to 500° (C, Fig. 2) indicates that its complete disruption

occurs, which agrees with the results obtained for the activity (Table I). This also

indicates that loss of catalyst activity at high overheating temperatures is not only

the result of deterioration of the active state of the copper component but also the

results of disrupting the necessary relief of the catalyst texture, especially in the

domain of losing meso-pores in which the reaction of carbon monoxide conversion

takes place.

Investigations of the state of phases of the chromium-zinc-copper catalyst

exposed to poisoning by sulphur or chlorine compounds during various time

periods in the plant Azotara of the Chemical Industry, Pancevo are shown in Fig. 3.



368 JOVANOVIC nad STEFANOVIC

41.
AO IA

fi
V

SB€T SmEZO

a: a -78 M

it • - 70 57
:•. c

- » 19
i ii
1 1*

n V

• \

1 A

\ H
' 1

1
•y, . - -

Fig. 2. Distribution of the pore areas on

the effective pore diameter size of the

chromium zinc-copper catalyst. A — new,

unused, B — new, reduced-activated,

C-new, overheated under reaction con

ditions at 500°

The diffractograms obtained in hydrogen atmosphere at 225° showed only changes

at the elemental copper line. It may be seen that the line is least expressed for the

new, unused sample (a, Fig. 3) and as the catalyst was in the industrial reactor

longer (b, c, Fig. 3), the line maximum becomes more and more distinct and attains

its greatest value for samples at the end of the operating period (d, Fig. 3).

 

30 40 50 60

Fig. 3. X-Ray structural analysis in hydrogen atmosphere at 225° of the chromium-zinc-

-copper catalyst applied in industrial operating conditions, a) new, unused sample, b)

sample after 9 months operation, c) sample after 18 months operation, d) sample at the

end of the operating period

If the results obtained by X-ray structural analysis are compared to the results

of differential thermal analysis in hydrogen atmosphere (Fig. 4) and by investigating

the sample activity (Table II) complete agreement is found. The thermal effect is

expressed the most and the reduction rate of copper oxide to elemental copper is

the greatest for the highly active, new sample and it decreases as the catalyst is

kept longer in the industrial reactor (Fig. 4 and Table II).
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d

c

b

i C Fig. 4. Differential thermal analysis in hydrogen atmosphere

of the chromium-zinc-copper catalyst applied in industrial

operating conditions, a) new, unused sample, b) sample after
a 9 months operation, c) sample after 18 months operation,

d) sample at the end of the operating period

TABLE II. Chromium-zinc-copper catalyst activity during operation in an industrial reactor

Sample Conversion, %

New — unused 96.6

After 9 months operation (before regeneration) 86.3

After 18 months operation (before regene

ration) 79.5

At the end of operation 66.0

 

CONCLUSION

Investigations of the phase changes of a low-temperature chromium-zinc-

-copper catalyst for the conversion of carbon monoxide applied in an industrial

process indicate that it contains two basic components:

— zinc-chromium spinel which in the catalyst has the function of carrier and

— copper oxide which under reduction conditions, hydrogen activation,

transforms into the active component elemental copper.

The high activity and thermal stability of this catalyst depend on the well

formed crystalline structure of elemental copper which is regularly distributed in

very dispersed form on the carrier zinc-chromium-spinel surface.

By following the phase states activation process, activity and texture in definite

time operating intervals of the catalyst taken from the industrial process (new,

after 9 and 18 months and at the end of the operating period), that coincides with

the time in which the regenerations were carried out due to sulphur and chlorine

poisoning, the following may be stated:

— Slower occurrence of the process of reduction activation;

— Decrease of the dispersity of the active phase of elemental copper by

agglomerizing to larger particles of metallic copper;

— Loss of meso-pores from the texture relief,

which all reflects on the gradual deterioration of the catalyst activity. The catalyst

aging process is proportional to the number of regenerations that took place, in

other words, to the intensity of catalyst poisoning by sulphur and chlorine

compounds.
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H 3 B O H

nPOMEHE 4>A3HOr CACTABA KATAJIH3ATOPA 3A KOHBEP3Hjy yrJBEHMO-

HOKCHflA y yCJIOBHMA PEflyKUHJE BOflOHHKOM. III. HHCKOTEMITEPA-

TyPHH XPOM-JJHHK-BAKAPHH KATAJIH3ATOP

HCAPKO a. JOBAHOBH'B

OgtMibe 3a Kawamuy Huciuuuiyuia 3a xeiuujy, iuexHOAoiujy u Mema.iypiujy, Ibciouieta 12

Eeolpag

II

MHJTHUA M. CTE<t>AHOBHT»

XeuujcKa UHgyciupuja „nam.eao"', PO ,,A3ou\apa" — KouuipoAa u ucmpaxtutane, TlaHneto

ripoMCHe Koje ce ojutrpaBajy y CTpyKTypH HHCKOTCMnepaTypHor KaTajmsa-ropa cacrasa

xpoM-unHK-6aKap, tokom peayKmije BOflOHHKOM h flywer pa«a y hhavctphjckhm ycjioBHMa,

npaheHe cy MeTo/iaMa peaweHOCTpyKTypHe h flHcpepeHitHjajiHO-TepMMjcKe aHajmae. Peayjrrani

HcnHTHBaiba yKa3yjy aa cy ochodhc (pa3e oBor KaTajW3aTopa uhhk-xpomhh cmmeji h flHcnep-

roBaHa cpa3a OKCHAa Sanpa, Koja tokom pe/ryKujije boaohhkom npejia3H y <pa3y ejieMeirrapHor

oanpa — aKTHBHy KOMnoHeHTy HHCKOTeMnepaTypHHx KaTajmMTopa. CrapeH>e Kaiajui3aTopa

y HHflycrpHjcKOM peaicropy KapaKTepHiue nojaua arnoMcpHpa&a 4>a3e ejieMeHrapHor Sanpa,

urro cc OApan<aBa Ha cjia6n^H>e aKTHBHOCTH i<aTajiH3aTopa.

(IIpHMJbeHO 16. (peSpyapa 1983)

REFERENCES

1. T. A. Semenova, M. I. Markina, B. G. Lyudkovskaya, B. I. Shteinberg, L. I. Kozlov, I.

F. Hitrova, „Metody issledovaniya i kataliiicheskih reaktsii" ,Tom II, Novosibirsk 1965, p. 346

2. D. Shishkov, D. Ivanov, I. Dombalov, Khim. prom. 7, 515 (1972)

3. J. Escard, I. Mantin, R. Sibut-Pinote, Bull. Soc. Chim. France 10, 3403 (1970)

4. J. Bizyk, J. Haber, Bull. Acad. Polott, Sci. Ser. Sci. Chim. 17, 531 1969

5. Z. Gabrielica, /. Therm. Anal. 18, 315 (1980)

6. T. M. Yur'eva, G. K. Boreskov, V. T. Graver, Kinetika i Kataliz 10, 862 (1969)

7. G. K. Boreskov, T. M. Yur'eva, A. C. Sergeeva, Ibid. 11, 1467 (1970)

8. Z. Jovanovic, M. Stefanovic, Hem. Ind. 6, 231 (1973)

9. Z. Jovanovic, P. Putanov, R. Herak, M. Curie, Glasnik Hem. druitva Beograd 4, 127 (1978)

10. Z. Jovanovic, M. Sc. Thesis, Faculty of Science, Belgrade University, Belgrade 1971

11. I. Spycin, Zh. Neorgan. Khim. 5, 1505 (1960)

12. J. P. Kirilov, Izv. Vysshikh Uchebn. Zavedenii, Khim. Khim. Tekhnol. 1, 77 (1972)

13. G. S. Vasenin, Zh. Obshch. Khim. 17, 450 (1967)

14. I. S. Campbell, Ind. Eng. Proc. Develop. 9, 588 (1970)

15. A. A. Davidov, G. K. Boreskov, T. M. Yur'eva, N. A. Rubene, Dokl. Akad. Nauk SSSR

236, 1402 1977.



rJIACHHK XEMHJCKOr JIPYIUTBA EEOrPAH

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD

48 (6) 371—376 (1983)

GHDB-921 UDC 66.097.3:661.993:66.094.1

Original scientific paper

CHANGES IN THE COMPOSITION OF A CARBON MONOXIDE

CATALYST DURING HYDROGEN REDUCTION. IV. LOW-

-TEMPERATURE ZINC-COPPER-CHROMIUM CATALYST

2ARKO D. JOVANOVIC

Department of Catalysis, Institute of Chemistry, Technology and Metallurgy, Njegohia 12, YU-

-11000 Belgrade, Yugoslavia

(Received 16 I-'ebruary 1983)

In the course of investigating a carbon monoxide conversion catalyst of

varied chemical composition and component ratio, changes that occur in the struc

ture of a low-temperature catalyst containing zinc-copper-chromium were followed.

The catalyst was snythesized under laboratory conditions by the method of common

component precipitation. By the methods of differential-thermal and X-ray struc

tural analysis, electrical conductivity and activity, it was found that the zinc-copper-

-chromium system shows high activity and other catalytic properties characteristic

for low-temperature catalysts under industrial operating conditions.

Low-temperature carbon monoxide conversion catalysts beside the basic

component copper oxide and the necessary zinc oxide also contain oxides of alumi

nium or chromium, magnesium, manganese, cobalt, in which the action of the

active component — copper depends on a number of factors1-5.

Depending on the macrostructure, microstructure, way of distributing this

structure or the presence of various impurities, changes in the functions of various

components in the low-temperature catalyst may occur. The stoichiometric ratios

in the catalyst of these only partially predetermine the catalytic activity, so the

inversion of activity from positive to negative catalysis and vice versa occurs6 8.

Considering that theoretical knowledge of these systems does not enable

the prediction of the catalyst activity, for their determination simultaneous inves

tigation of a large number of physico-chemical characteristics under varied con

ditions of many variables is required regardless of whether the qualitative or quan

titative composition of the low-temperature catalyst is in question, in order to

reproduce its properties.

In this paper a catalyst consisting of ZnO—CuO—Cr203 was synthesized

under laboratory conditions as the optimum possibility obtained by previous

investigations of the component ratio in a low-temperature catalyst9. In order to

determine the catalytic characteristics of the zinc-copper-chromium system, as

compared to low-temperature catalysts applied to industrial operating conditions,

investigations of the activity and thermal stability under reaction conditions, phase

changes in structure and changes in the electric conductivity during reduction—

—hydrogen activation were carried out.

371
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EXPERIMENTAL PROCEDURE

The thermal effects in air and hydrogen at elevated temperatures were followed by dif

ferential thermal analysis with an apparatus having automatic heating regulation and temper

ature regulation, Stanton model 6—25, with the possibility of following the process under gaseous

conditions.

These changes of the catalyst at ambient and elevated temperatures in air and hydrogen

were followed by a high-temperature X-ray chamber of the type NTK—10, A. Paar, Austria,

with the use of a diffractomcter, Philips, model PW.

Measurements of the electric conductivity were carried out by an apparatus designed

in the Department of Catalysis10. The electric conductivity in vacuum, air, hydrogen and gaseous

mixtures was followed in the temperature range 50—350°C by measuring the resistance by

the compensation method with a potential of 4 V d.c.

The activity and thermal stability of the catalyst were investigated by means of an appa

ratus designed in the Department of Catalysis10 under the directions of the Catalyst and Chem

ical Inc. with a reactor of a 100 cm3 volume.

The results of investigating the process of forming a zinc-copper-chromium

catalyst by differential thermal analysis, which are significant for noting the possi

bilities of improving the thermal properties and the process of reducing the catalyst

and finding adequate solutions for obtaining a catalyst with the necessary thermal

characteristics, are shown in Fig. 1.

The processes of resolving the hydroxide of a zinc-copper-chromium tricom-

ponent system (Thermogram 1) in the course of heating in air atmosphere, indicate

that they occur in the direction of zinc and copper oxide formation, while the

formation of crystalline chromium oxide forms is not noted. This is interpreted

by the presence of only endothcrmic effects in Thermogram 1 which are in accord

ance with data from the literature in the temperature range 132—176° and 184—

262° characteristic for the formation of zinc and copper oxides, while for the dehy

dration ofchromium hydroxide 1 84—262°, the resolution of chromium oxides with

higher valence 271—291° and the letting off of oxygen which is precursed by

chromium oxide crystallization 453 — 510°n-15. Till 620° no exothermal effect of

chromium oxide is noted, which occurs in air in chromium hydroxide itself at the

temperature 350—400°. This is a normal occurrence of the protective effect of

other oxides present in a multicomponent mixture with chromium oxide. The

effect of forming copper chromate, which follows the crystallization of chromium

trioxide, was not noted1'.

RESULTS AND DISCUSSION

 

Fig. 1. Differential thermal analysis of

the zinc-copper-chromium catalyst. 1.

Thermal cffec;s of resolving hydroxide

in air, 2. Thermal effects after heating

the hydroxide at 340°, 3. Thermal effects

during oxide reduction in hydrogen.
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Differential thermal analysis in air of the ZnO—CuO—Cr203 catalyst,

thermally treated at 340° (Thermogram 2), does not show the characteristic effects

of forming an oxide structure till 350°, which is a result of previous catalyst treat

ment — heating at 340°. The endothermic effect at 445—510° characterizes the

letting off of oxygen as in Thermogram 1. This confirms that the catalyst com

ponents were completely formed during treatment in air at 340°.

However, differential thermal analysis of the zinc-copper-chromium catalyst

in hydrogen atmosphere with previously formed oxides (Thermogram 3) shows

the formation in the temperature range 220—283° of a strongly denoted exothermic

effect, with maximum heat liberation at 258°, which indicates the process of copper

oxide reduction to elemental copper.

TABLE I. Activity and thermal stability of zinc-copper-chromium catalyst

Temperature % CO in outgoing

dry gas

Conversion

°C %

170 0.4 86.3

180 — 260 0.2 93.1

270 — 300 0.4 86.3

310 — 350 0.6 79.5

360 — 380 0.8 72.8

390 — 400 1.0 66.0

The zinc-copper-chromium catalyst shows very good results for activity

in a wider temperature range (180—260°) when in the outgoing dry gas only 0.2%

CO appears. Overheating this catalyst to 300° did not affect the activity after re

turning to operating temperature conditions. When overheating to temperatures

310—350° the catalyst after 2—3 days of being at the operating temperature con

ditions regained high activity. Somewhat more time for regaining high activity at

operating temperature conditions was necessary after overheating to temperatures

360—400c. When exposed to temperatures higher than 400° the catalyst permanently

loses its good catalytic properties.

X-Ray-structural analysis of the tricomponent ZnO—CuO—CrsOs catalyst,

previously at 340° in air, and filmed in air at 20° (X-ray 1 , Fig. 2) indicates the well

formed crystalline structure of zinc oxide with sharp and distinct lines. The presence

of the copper oxide phase is noted to a lesser extent, but the lines are also sharp,

which indicates a well formed crystalline structure. The presence of the crystalline

chromium oxide phase is not noted, which is the result of its amorphous state and

which is in accordance with results obtained by differential thermal analysis.

During the process of reduction — catalyst activation (X-ray 2, Fig. 2) in

hydrogen atmosphere at 225° an elemental copper phase forms with good crys

talline structure and characteristic line intensity. The chromium oxide phase is

not noted here either, while zinc oxide retained its well formed crystalline structure,

significant for the properties of this catalyst17.

Overheating the catalyst under reaction conditions over 350° for several

hours (Fig. 2, X-ray 3 obtained in hydrogen atmosphere at 225") leads to deterioration

of the orystalline structure of copper oxide and zinc oxide which is also reflected

in the decline of catalytic characteristics (Table I).

Following the electric conductivity in vacuum and hydrogen (Fig. 3) shows

hat linear temperature dependences of the electric conductivity in vacuum and
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the chromium oxide promoter and the basic component copper oxide as the determin

ing condition for obtaining the necessary state of the active component crystalline

copper which attains the maximum activity. Investigations show that the best

results in the process of low-temperature conversion are obtained with a catalyst

in which the ratio between the basic component copper oxide and the promoter

chromium oxide is equal to three.

By investigating the activity of the obtained catalyst, the thermal properties,

phase state and electric conductivity as the basic means of evaluating the quality

of the catalyst it was determined that for obtaining high activity it was necessary

for all three components to satisfy certain conditions: zinc oxide, which has the

function of carrier, must have a well formed crystalline structure, the active com

ponent — crystalline copper must be equally distributed on the carrier surface —

zinc oxide in the form of dispersed particles that together make a compact whole;

while chromium oxide has the function of structural promoter— stabilizer which

prevents recrystallization and sintering of the equally distrubuted particles of the

active phase — crystalline copper.

II3BO.H

nPOMEHE <t>A3HOr CACTABA KATAJIH3ATOPA 3A KOHBEP3HJY YrJLEHMO-

HOKCHJIA y yCJIOBHMA PEflyKUHJE BOflOHHKOM. IV. HHCKOTEMnEPA-

TYPHH UHHK-BAKAP-XPOMHH KATAJIH3ATOP

HCAPKO fl. JOBAHOBHH

Oge/htne 3a Kamamny Hhciuuiuyifm 3a xtktujy, iuexHOAoiujy u Mtwcuiypiujy, Ibeiouieea 12,

11000 Eeoipag

y TOKy HcmiTiiBaiba KaTajiii3aTopa 3a KOHBep3Hjy yrjbeHMOHOKCHfla paajmmiTor xe-

MBjcKor cacraBa n oflHOca KOMnoHeHaTa, npaheHe cy npoMeiie Koje ce oflnrpaBajy y cTpyKTypn

HHCKoreMnepaTypHor KaTamreaTopa cacTana uHHK-5ai<ap-xpoM. KaiajiH3aTop je CHHTera30BaH

y jiaSopaTopHjcKHM ycjioBwwa MeTOfloiw 3ajeflHirei<or Tano>Ken>a Ko.vinoHeHaTa. MeTOflaMa nu-

(pepeHDjijaiiHO-TepMHjcKe h peHflreHOCTpyKTjpHe anajiH3e, ejieKTpHMHe npoBofljbHBOCTH h

aKTHBHOCTH yTBp^eHo je aa qHHK-5aKap-xpoMHH chctcm noKa3yje BHCOKy aKTHBHOCT h flpyre

KaTajiHTHMi<e ocoSHHe cBojcTBeHe HHCKOTe.MnepaTypHHM KaTamwaTopHMa npiiMeibHBaHHM y

HHsycTpnjcKHM ycjioBHMa pa^a.

(IlpHMn.eHO 16. <J>e5pyapa 1983)
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Introduction

Theory

I. Reactions of 1 : 1 stoichiometric solvent-solvent association Ken =; [CB]/[C] [B]

II. Reactions of non-stoichiometric solvent-solvent sociation

III. Reactions of 1:1 stoichiometric solvent self-association ATa [«a]/['i]2

IV. Reactions of 1 : 1 stoichiometric solute-solvent association Kai [Ai]/[A] [j] (»' = B

or C)

Discussion

A. xc(B) < 0: Apparent appreciable solvent-solvent interaction

B. /c(B> =- 0: No apparent solvent-solvent interaction

C. y.c(B) > 0: Apparent solvent -solvent inclination toward demixing

Conclusions

INTRODUCTION

Despite a growing number of studies of the matter, a theoretical-based model

of high accuracy has yet to be developed for the prediction of solute infinite-dilu

tion activity y£ and partition coefficients with multicomponent solvents com

prising other than n-alkanes. The overwhelming majority of recent studies rely

upon lattice models of solutions originated by Flory and Huggins1, and Guggen

heim2 and Miller3. These have at their foundation the premise that combinatorial"

and „energetic" contributions to Ya are separate and distinguishable quantities1.

The former is commonly taken as the ratio of solvent and solute molar volumes5 *

and so, contemporary studies of non-electrolyte mixtures are concerned almost

entirely with interpretation of the latter empirically-defined residual. In early

work, formulation of ..segment" or ..contact-point" treatments9 13 met with some

success in correlating the residual (, .energetic") term with molecular structure,

as did the ..perturbation" approaches14.15 based largely upon the work of Lon

377



378 к. г ишв

риеп-Нлр^пз16. Солгстрогагу мпЬ гЬезе <Лс\с1ортепГ5, Рпцорте апс! Ыз со-

\уогкегз171В \уеге гЬс Пгзт ю ргорозе сНе голсер* оГ ап ас1с11попа1 „з^гисгигаГ

сопгпЬииол го уу. Моге гесепг1у, Р1огу аг.с1 сошогкегз20-24 апс! Раиегзоп апй

Ыз соИеариев25 30 Ьауе ехрапс!ес! ирюп гпе „51гистга1" (а1$о са11ес1 тЬс „Ггее^о1-

ше" ог „со.паешаиоп*') еГГесч, тпек иогк паушр зилсе Ьееп ехр1окес1 «гкп

сопз1с1егаЫе зиссеяз Ьу Магиге апс! со\\'огкег531 апс! Ьу ЬаиЬ, Магиге, апс! Риг-

пе1132 Гог ЫепиЧ оГ и-а1капез. Мозг гесет1у, Раиегзоп апс! Ыз соНеаеиез33-43

Ьауе 1тгос1исес1 гпе поиол о! гЬе сгеаиоп ог скзгшсйсп оГ 5поп-гапрес1 опЗеппр

\уЫсЬ 15 за1с1 а1зо :о сопгпЬше го у*. ВагЬе ап«1 Раггегзоп41 \уеге гНегеЬу аЫе

го р1асе зоте ттегргегаиоп оп гЬе с!а^а оГ с1е1лрпеу апс! соНеариез44-45 апс! Пе1-

таз апс! со\\'огкегз4в. Аз а сопзсяиепсе, ГиггЪег кпрегиз 15 1епг гЬе зтс!у оГ 1оп§-гапд-

ес! огдеппр, аз т ггмхшгея т раг1 сотрлзгщ; тсзотогрЬз47 48, апс! согге1аиоп

оГ гЬе гезикат с1-«а аз тос!с1 зузгетз \укЬ 1пе згисИез ске<! аЬоуе.

К.епе\уес! тгегезг ш гпе зиЬ)ес1 Ьаз а1зо Ьееп Ьгоирпг аЬоит т гесепг уеагх

аз а гсзик оГЬурогпсз15 оГа по\е1 тос!е1 о! $о1ийоп5 Ьу Г.аиЬ, РигпеИ, апс! Уаграз

с!е Апс1гас1е49'5(>. ТЬезе иогкегз сол'епс!ес1 гЬа1 гпе уазг таюгку о! риЬНзЬес!

с!ага (1агрс1у оГ раз-сЬготксргарЫс огщт) соиШ Ье гергсзепгес! Ьу а 51тр1е

Нпеаг сциамоп оГ гЬе Гогт:

/С»(М, - ФвАГЙ(в, + Фс /С^с, (1)

\лпеге /С^(м>(М = В 4- С) 15 1Не зо1ите рзгпиоп соеШает \укЬ Ыепс1ес1 зо1-

\етз В апс! С о( уо'ште Ггасиопз Ф, апс! \уЬеге ^^(0 (' ~ В ог С) реггатз го

а риге 5о1уепг. Но\уеуег, еяп.(1) саппог Ье скпуес! 01Ьег гНап оп 1пе Ьаз^з гЬаг

В апс! С Гогт сотр1егс1у 1с!еа1 5о1ипоп5 ог гЬа! В апс! С аге сотр1ете1у 1тт1за-

Ые51. ТЬе ге1апоп аНо сопиасИсгз \\Ьат аге репегаПу ге?агс!ес1 аз „езгаЬНзЬесГ'

тос!е15 о! зоктопз, \уЫсп гур1са11у гаке тпе Гогт5'->53:

1п = Фв 1п А;о(в) + Фс 1п ^(С) + (^а/Кс) хс(В) Фв Фс (2а)

- 1пАГЙ ( И* " у") 4 ('/-А<В' ' ХА<П + тт ) ] Фс "Штъ)ф2° (2Ь)

и'Ьсе V/ 15 а то1аг уо1ите апс! \упеге хщ) '5 1Ье 1тегасТ10п рагатегег52 Гог зресмез

НагЫвоп, ЬаиЬ, Магиге, РигпеИ, апс! \УПНат553 Ьг1еПу соп^Иегес! гЬозе

зттиопз 1п \\ЫсЬ гЬе 1луо ециаиопз с!11"!ег зиЬзгап11а]1у аз \уе11 аз Ьесоте арргох1-

т?гс1у еяи1Уа1епГ. Ночуеусг, с1сзр1Ге !иггЬег ехрег1тета1 с!ага ассити!э110п апс!

еуа1иа:10п54-55, апс! 1п рап а? а гези1г оГ зоте\Упаг агЫггагу апс! с!151опес! сИзсиз-

зюп50, 1Ьеге гста1П5 зоте сопГи810п ая ю гЬе арргорг1а1епезз о!" еасЬ ге1апоп.

РипЬегтоге, гЬе тиисг 15 о^' Гаг тоге гЬап :Ьеогеиса1 1тегезг 5тсе гЬе Ь1§Ыу

8иссея5!и1 ор11т17.ат1оп зиатеру с!еУ1зес! Ьу ЬаиЬ апс! РигпеИ57 Гог апаГуиса1

5ерагапоп5 с!ере;1с!5 сИгес11у ироп тНе аЫНгу го ргесИсс 5о1ите АГ^(м> ггот тЬе

риге-рЬазс Лиа, А'^(ь,, ЛГ&(о>. А сг111са1 е\га1иа110п о!" еяпз.(1) апс! (2) 15 гЬеге-

Гогс ипйеггакеп Ьегс, акЬои^Ь гЬе Ьа515 Гог сотраг1$оп оГ 1Ье №0 гекгюпз 15

зотеи'Ьаг рга§таГ1С зтсе 1Ье уаг1ои5 ргезитсс! сатг1Ьииопз то х«ш сап а^ ргезеш

Ье зргспПсс! \У1|Ь сегга1Г|1у оп1у Гог 5у5Тет$ сотрг151П§ а!капе5.
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ТНЕОКУ

То гпе ехсет го \уЫсЬ опе 15 ргерагес! го ассерг гпе уапоиз гурез ог~ сопгп-

Ьитопз го хм» 38 с1е аПес1 т гпе ргеуюиз рарег, тгегасгюп рагатегегз сап Ье

за1(1 го гергезепг а зиттагюп оГ зеуега1 г"асготз. Но\уеуег, хс(в> т рагиси1аг

18 а,егег1П1пес1 ехрептепгаПу т зисп а \уау аз го у1еИ а сотрозие ауега^е оусг

а11 Ф. Зоте еуИепсе а1зо зи§§езгз гЬаг хс(в> Уапез аз а гЧтсгюп оГ зо1уепг согрро-

81110П. Кеуеггпекзз, гЬе уапоиз зпиагкпз т ууЫсЬ ецп. (2) тау ог тау ног

аррдштэге щп.(1) зеет тозг еазПу Шзсиззес! т гегтз оГ уа1иез оГ тгегасгюп

рагатегегз апзш§ т гпе гогтег ге1агюп. №е ргосеес! Пгзг, Ьо\уеуег, го йеПпе

гпе уапоиз роззШПтез58 оГ зокиюп еяи1НЬг1а.

/. Кеаспот о/ 1 : 1 ЗшсНгошгспс 8оЬоем-ЗоЬоеп1 Азвоааиоп59 Ксв = [СВ]/[С] (В]

^е тгеаг цииаПу гпе (ИгТегепсе Ье;\уесп гпе пошта1 (Фс) агс! ггие (Фс)

УоКипе Ггасполз оГ С ш гпе пихшге: В +■ С + (р:"езитес1-зо1иЫе) асУксг СВ.

Рог 1 : 1 сотркхт^, гпе тазз Ьа1апсе оГ то1ез сГ С 15

пс - иСв (3)

1п гпе аЬзепсе оГ ехсгзз уо1итез оГ ппхиц*, <31У13юп Ьу гЬе гога1 зо1игюп уо1ите

У'в -1- У^ + Уев ю11о\уес1 Ьу ти^рНсагюп о! еасЬ гегт Ьу гЬе ишг яиапгтез

(Ус/У&ЛУс/Ус), ап<1 (Гсв/Исв) ухеШв гЬе ехргеззюп:

Ф$, = фс - ФГВ Кс/Ис в (4)

№е пехг туоке гЬе еяоаШу:

Фсв УсУв ,„

ЗиЬзгпигюп оГ АГ<в Фс ^в' г'ог Фсв Ус/ Уев т еяп. (4) гпегеЬу рго^исез

гпе ге1агюп:

фс = Ф'с( 1 + *^ВФЬ) (6)

Ву апаю^у,

Фв=(1-Фс)=Фв(1+^ВФь) (7)

8о1уц18 еЯп-(7) Гог ^в ап^ зиЪзскштр гЬе гезик тго еяп.(6) ^уез аГгег зоте

геаггагщетепг :

ФЬ Ус-\ Ксв(фс+^С)

фс = -_•— -'"А (8)

УС^КСв(1^
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пиш сНегс!оге уагу поп-1»пеаг1у \упп Фс, ах \уШ т.пе аррагет /с<В). Рог схит

ри, Гог 1пе ЬурогЬеТ!са1 зузгет: Ив = Ус — 0.5 с1т3 то1 1 апс! Ксв — 1 с!т3

то11, ФЬ = ФЬ = 0.309 а1 Фс =- 0.5.

//. Кеасиот о/ Хоп-ЗшсШотетс ЗоЬеш-ЗоЬет Зосшпоп.

1п гЬезе твгапсез, гпе «таге сГ ац§!гераиоп оГ Пцшо! ас1с11Г1Уе 18 аксгес! т

8оте поп-5Г.о1сЫотеспс таппег ог огЬег Ьу сШшюп \упЬ зоКет80. РгекитаЫу.

ге1апоп8 оГ гЬе Гогт оГ еяп.(8) хуоиЫ ассоит Гог аррагет сШТегег.сез Ьетл\ееп

Фг апс! Фг еуеп тпои^гН сЬеге 1? по сйксгеге С -В асНисг. Гогтапоп. ТЬаг 15,

гпе 8о1итлоп иои1(1 аррсаг ю ссп818. оГ В, С, СВ, апс1 ЫрЬег-огскг сотркхез

\\'Ьеп еуа1иагес1 Ьу гпе 8о1ше-ргоЬе гесЬтцие

///. Кеасиот о/ 1:1 ЗшсЫотетс Зо'лет 8е1}-А^оаапопъ9-й1 Ка ~ [г-гИп]2

Неге, «' гергсзептв В ог С, «гпеге тНе зиЬзспргз 2 апс! I гсГег ге5респ\е1у

ю сИтег апс! топотгг. ТЬе уокип? Ггасиоп оГ сНтегч оГ зреасз С 15 ёевспЬеа.

Ьу гпе гекиоп"1 .

\уЬеге Ус\ 18 т.Ье то1аг уо1ите оГ топотгг \уЫсЬ ассогсИпе со Корр'я 1а\у 15

Ьа1Г 1паг. и( Усъ> апс! \упеге Ус апс! Фс аге аррагет ог попопа1 \та1ие8 35 ЬеГоге.

Аз 1п 5о1ииоп8 со.теяропсИпр то геасиопз оГ Туре I, Фг гшу сИГГег яиЪвгаппаИу

Ггот Фп апс! Фс> скрепсИп^ ироп гЬе гшнцшшйе о!" Ка-

IV. Кеашопв о( 1:1 ЗгокИютетс Зо1ше ЗоЬет Аноаапоп К\, = [А/] /[А] [У]

(»' = В ог С) 62.«3

№е гаке 5о1и1е-8о1уст (С) шгегасглоп го Ье с!е8спЬес1 Ьу г.ге ге1апоп Пгя

с!ес1исес1 Ьу ОИ-Ау апс! НегПпр84.

АкЬои^К спе ехргеззтп 15 па1\'е т гЬа1 Ье ттие гНегтодупаппс еяшНЬгшт

соп51апг 18 скПпес! т гегтз с Г астчпев, \уе пеуепНекзз гаке II го арр]у ас 1еазг

го сШше $о1ииоп$ оГС т В, I. е. гЬа1 сопсетгаиопз арргоасЬ асиутез аг 1о\у Фс-

№е по\у ргосеес! го тгегргег. гЬе уапоиз ро551Ые уа1ие5 оГ зо1ует-зо1\ ет

/о<В) [ецп.(2)] ш гсгт5 оГгЬе ециШЬпа с!с! 1пес1 аЬоуе. ^е а1зо с1еяспЬе 1Не еГГесгз

гЬа! 1псхс тгегасиопз ехсп ироп ецп.(1).

А. "/(-(В) 0: Аррагет АрргеааЫе Зок'еш-ЗоЬеш 1тегаспоп

I. ГоггеасГ1гп5о'"Туре1, гНс г\ус 8ок-елт сотролепгз 1пгегасТ; зто1сЫоте1:г1с-

аИу апс1 Ксв I» 1'1п1Те. 151отз о!" АТ$, м, а1;а1П51 Фс, 1. е. еяп.(1), \У111 Ье саглес1

пе§апуе1у ^срспс^^пд ироп гИе та§П11ис1е5 оГ Ксв апс!, го а 1ез8ег с1е^гее, сЬе

 

 

(Ю)
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8о1ше рагскюп соеШаепт уупп гпе СВ асНиа, ^<св>. Рщ- 1 Шизгга1е8 Ле

зкиатюп &г гпе аззитес! Уа1иез: Ув = Ус = 0.5 с!т3 то!"1, ^<в) = ^к(С) =

— 100, аг.с! Ксв = 0.1, 1, апс! 10 с1т3 то1_3, ТЬе иррег сигуе йог еасЬ балл

рай гергезетз АГ^(м) са1си1а1ес1 л^1гЬ /С^(св) = 10 йгот гпе ге1аиоп:

П(М) = 2Ф^(0 (П)

I

\\пеге апс! Ф'в \уеге са1си1агес) Ггогг ецп8.(8) апс! (7), ге8ресиуе1у. ТЬе 1о\уег

шгуез гергезепг #к<св) = 0. №е зее 1паг зо)\ет-8о1ует ипегасиоп о! аз Н«1е

а$ 0.1 с1т3 то!-1 13 зиШсст ю тёисе 5%педаиуе <1еУ1атюп {тот еяп.(1) аг

Фс = 0.5 1п асИтоп, тпе сигуез Ьесоте пойсеаЫу азуттетс Гог Ксв > 1 с!т3

то1-1. Пе,. 1 а1зо Шизггасез гпе еО'еаз оп м> \упеп Ус 18 с!оиЫес! (ёазпес!

сигуе), \упеп АГ^о = 2 /С^*»)' апс^ ^'Ьеп АГ^(В) = 2 (^к<св> зепо гего;

Кс,в гакеп аз ишгу т еасЬ сазе).

 

1п огйег го аззсзк гЬс сипге япарся а' 1н1пу Ггога схт.(2) \упп гпе с1ага изсс!

аЬтс, 1пе ге1а:юп 15 геаггапцсс! го гЬс Гогт:

нагнн&ю* »■ <«>

$1п«1у зреактр, сцп.(12) зНои1с! Ье гссазг ш гегтз оГ Ф^, Хс(въ Хпгв)>ап<1

У.В(св), I. е. (Ье аррагеш Х(св> «^Ш улгу поп-1теаг1у адкЬ гпе аррагет Фс, Но\у-

еуег, \ус Ьэус а* ргезет по тсапз о*' арргох1таип^ гЬс асша1 сЫ уа1иея ап<1 зо,

*е тШ/е гпе ге1айоп аз \уписп т \\*Ьа1 ГоИслуз,
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Т'щ. 2(а) ргезетз гЬе сигуез са1си1а1ес! ггот ецп.(12) \упЬ ЛГ^(св) зет

ю гего ап<1 АГ^,в) = ^к<о Гог гЬе сазез: У\ = Кс (воНс! Нпез) апс! Ук =

= 1/2Ус (<1а$Ьес1 Нпе$) а! хс<в> = — 5 (1о\уег), —3 (тИсИе), апд — 1 (иррег

сигуе о( еасЬ зеО- Оесгеазт^ тпе гаио (Гл/Нс) с1еаг1у гейисез 1пе педапуе сиг

уашге Ьу а сопзИегаЫе атоит, аз с1оез ёесгеазтв хс(в>- Рц?з. 2(Ь) апс1(с)Ши8-

(гаге гпе зкиаиопз !ог АГ&<в) = 2 К$<о апс1 /Ск<с> = 2 АГ^<в), гезресиуеГу ТЬе

пецаиуе сигуашге т гЬезе тзгапсез 18 азуттетс аЬоиг Фс = 0.5.

 

Р18- 2. Р1о1з оГ \п(К°Л(М)1К°Н(П)) аватзг Фс[еяп. (12)] Гог 1Ье сазез: (а) Кй(св) = О;

Кит = Кк(о; Ул = Ус (зоНд Нпез); апс! Ил = 1/2 Ус (<1а5пес1 Нпез) \\иЬ у.с(В) = — 5

(Ьтег), —3 (т1с1Лс), апЛ -1 (иррег сшл-е оГеасЬ зеО. (Ь) Кй<н) = 2АГк(с>;(с) К"<с> —

— 2 АГн(В).

Сотрапксп оГ гпе рарЫса1 гезикз оГ еяпз. (1) апс! (2) тсНсагез гпаг ЬогЬ

у1сЫ р1огз \уЫсЬ аге сот-ех ю гЬе аЬзс15за т а11 тзгапсез. ТЬозе гог гЬе 81Гиапоп5

ш шЫсЬ /С^(В) = ^к<П 316 зуттетпс аЬоиг Фс = 0.5, \уЫ1е еяп.(1) у1еЫ5

сигуез иЫсЬ аге попсеаЫу азуттетс \уЬеп гЬсе 15 а зиЬзгапиа1 сШТегепсе

ш гЬе риге-рЬаяе рагипоп соеШслепз ог \\;Ьеп А.'св > 1 <1т3 то1-1.

\'егу тапу ехатр1ез о( зо1ииопз сотртт^ тгегасйуе зо1уетз (зисЬ ах

сЫогоГогт-асесопс) Ьауе Ьееп риЬНяЬес!. Ог" сотреШпд тгегезг. аге зузгетз

зисЬ ах ссу1тегЬу1апипе апс1 Ьехас1есу1 а1соЬо1 \упЬ Ьехас1есу1 юсМе, Гог \уЫсЬ 1 : 1

ЬусЬо^еп ЬопсНг.ц сап Ье ехресгес!, зтсе тЬезе сап еазНу Ье зшсНес) т ёергЬ

Ьу §1с. ТЬе зс1те ргоЬез ш гЬл5 сазе \уои1с1 Ье зЬогг-сЬат и-а1капез. 1п а^сийоп,

апс! Ьу Гаг гЬе тозг тт^пт^ апс1 \У1(1е1у риЬНагес! т гесепг уеагз аге ЫепсЗк

оПкплс! -.гузЫз \уЬ1сЬ 1Ъгт сотркхез, гЬаг 15, ехЬ1Ыг еигеспс гетрегашгез65-"9.

Яузгетз аге а1зо кпоил Уу'Ьеге гЬе зоК'етз гЬетзе^ез аге пог техотогрЫс,

Ьиг \уЬегс гЬе зоКет-хоК'епг аМнсс 15 а Пяшс! сгузгаГ0. ТЬе5е, гоо, тучге ЛггтЬег

агЛ сотргеЬсп51УС 1п\е5Г1§а1-10п.

//. Тпеге 15 по а11о\уапсе таёс т ецп.(1) (от Туре II 5сЬет-5оКепг 1п-

СегасГ10п. Но\\с\ег, 5иЬ5С1Ш1юп ог" а тоаШсс! Гогт о»' ецп.(8) 1пго гЬе ге1ат:юп

\\'оиИ аррагет!у с1е5сг1Ье зисЬ ёаса. 1п сотгахг, аррИсаг1опоГеяп.(2) 18 5Гга1рЬ1-

-1ог\уагс1. Рог ехатр1е, гЬеге 18 5а1с1 го Ье согге!аиоп оГ то1е^и1аг сгс1ег1пс

1п риге и-а1капе Ици1С!541 \уЬеге, ргезитаЫу, сЫииоп у^1(Ь ЬгапсЬес1-сЬа1п ог

5та11 (рзеиёо-зрЬсгкаО то1еси1е5 гсхикз 1п огс5ег сНзшриоп уу-Ь1сЬ сап т1т1ск

5о1ует-5о1\-ет тгегасиоп. ЕгЬапе 5о1иге \У1гЬ и-Ьехапе/«-Ьехас!есапе зоЬ/етз
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Шизггагез гЬе З1ша(юп. ТЬе еяшто1аг ехсезз гЬегтодупаттс яиапипез 1ог сШи-

поп оГи-Ьехас1есапе Ьу и-Ьехапе (] тс!"1) аге41: Ле(Р. V.) = - 58, 7'5е(Р. V.) =

3. Р1о1 оС /Сн(М) аватзГ Фсгв Гог егЬапе 8о1и1е ч/кЪ п-Ьехапе + «-Ьехайесапе век

уете а1 25°С. 5оН<1 сип-е: Ъе$1 Сл о{ ечп.(2) (Ул/Йс = 0.308) шкЬ Хс<в> = - 1.4.

= -166; Л«(огс1ег) = 169, ТЗ^отЛет) = 116; апс! Г5е(сотЫпакзпа1) 232. ТЬе

оуегаИ ецшто1аг §е гЬиз 15 —71 ] то1-1 аш! хс(в> 13 ргесЬсгес! го Ье пе§айуе.

ТЬе рагмпоп соеШает (1а':а71 аге р1о«ес1 аратзг Фп в т Г'щ. 3, ууЬеге Ше Ьезг-Ш

сип-е (еяп.(2); КА/ЙС = 0.308) у1еИз а уа1ие сГ /с<в> оГ -1.4. \УЛн1е гЫз 13

итеаНзисаИу 1агре, 1Ьс тгегасйоп рагатегег 18 псуеггЬе1езз 01" 1Ье тщЫ з'щп

а: А гЬе (Ьеогу т гЫз тзгаг.се 18 т арргох1таге ассогс! уукЬ ехрептепг.

В1епсЬ ог" п- оссаёесапе я- Ьехагпасопгапе Ьауе а1зо Ьееп зЬо\уп ю

у1еИ р]огз оГ зо1иге (и-а1капез) /С^< и> а^атзг Ф чуЫсЬ аге сэпуех го тЬе аЬзс18за.

ТЬе усгу ^геаНу гейисеё ехгепс оГсигуагиге (г > 0.9995) т гЬаг зшёу''2 ргоуИез

ал ехатр1е оГ зтаП пе^аиуе аррагспг хо<въ 1- е. пеаг-гего 1гее-уо1ите апй ог-

с1сг1П5 соптЬииопз го §е. НщЫу- ЬгапсЬес! а1капе зо1уеп:8 зЬоиИ т сотгазг

у1еЫ ^гсасег <1еУ1агюпз Лот Нпеапгу 01" ЛГ^< м) а§атзг уо1ите Ггасгюп тоЫсЬ

*У1 тсгеазе аз 1Ье ехгепг оГ ЬгапсЫпр; 1$ тсгеазес!. \Х'е по1е, гоо, 1Ьа1 рзеиёо-

-5рЬепса1 зокпсз ууШ а1зо саизе огйег-сИзгириоп уупЬ пеаг и-а1капе аз \уе11 аз

Няшё-сгузЫ зо1уеп:з, гог ууЫсЬ гЬе тгегасиоп рагатетегз /л зЬоиИ 51тПаг1у

Ье перг.муе

///. 1г 18 хиррозес! т тзгапсез оГТург III е^и^1^^)1•^а Шаг зоК'ет-сотропеш:

зсЦ'-аззоаа'юп 18 ех1ат. Рог тгегасиус зоК'епгз, гЬе пег еГгесг тау гЬеп Ье а

сотр1ех 5у8:ет сотрозес! оГ В, С, СВ ас!с1исг, апй ВВ апё/ог СС сШпегз.

Ь'ог зипрЧсч'у, \уе 1аке асИисг Гогтагюп ю Ье пе^Нд1Ые апс! сопз1(1ег 1Ье

йкпту.агюп оГ сотропет С. СотЬтаГ10п оГ ецпз.(1) апс! (9) ргоУ1с1езв1:

 

1.0

'к(М) = /^к<»)

И,ч(*5(С1) - К&<Г2>) и_ ф(.(Х» ,сг) - ^(В)) -г

4КЛ
 

(13)

4КЛ
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«гЬеге Уа апс! Усг аге сЬс то1аг \о1итез оГ топстег апс! сИтсг, Ус 15 Ле

похюпа] то1аг \-о1ите о!"С, апс! ЛГ^со апс! АГ&<с2) аге гЬе зо1те рагшюп соеШае-

п1з мигЬ С1 апс! Сг, ге5рестКге)у. Фс 15 1Ье аррагет уо1ите Ггаспоп оГ С аз Ьегоге.

Ецп.(13) ^аз гергезетес! т зипрНПсс! Гогт Ьу 1_аиЬ апс! РигпеИ91 ав:

К&<м> =(а-с) + *Фс + е(1 + </Фс)1/2 (14)

«-Неге а = /СО(В),с. - А^<с2)-^(В), с = ИсК^гп-^с^АГа, апа & =

= %К&\Ус- ТЬеу гНсп зпоууес! гНаг р1огз ог' К$<м) арашз! Фс соиЫ Ье Нп-

еаг ог сиг\ес! ро8ШУе1у ог пераиуе!у йерепсИпр ироп гЬе уа1исз ог' а — й.

ТНе е("1'ес18 оГ зокепт сЦтспгаиоп оп еяп.(2) е\чс!сп11у сап а1зо гезии ш

ро8*Шге, гего, ог пераиуе сигуашге скрепсНпр (аз аЬоуе) оп 1пе \'а1иез оГ

•Кк<с1)> ^(С2>; 1Ье ниегасиоп рагатегегз хл<в>> хл<сп, Хма»; апс! хснв>

апс1 хс2(В). Но\уеуег, по езгипагез оГ гЬезс йата сап Ье тас1е аг гЫз ите.

Еуеп зо, 1Г арреагз гпаг Нп1е ехрегипепЫ сНзипсиоп сап Ье <!га\уп Ьетееп еяпз.

(1) апс1 (2) 1ог сяиШЬпит 51Гиаиоп5 оГ *Ыз 1уре.

IV. 1п гНе идоапсе оГ зо1иге сИзсгесс 1 : 1 аззоаайоп «ЛЬ опе оГ гЬе

зо1уст сотропетз е. р. С, еяпз.(1) апс! (2) Ьесоте гезресйуе1у5053.54

Кк(М,=^(В,+Фс^ь[( 1 - + **Г] (15)

1п^(М, -1п^(В) + Ц~ - ^| Ь (ха(В)-Ха'(о)]Фс

+ Га /с(В)ФвФс + 1п ( 1 -) *АСФс\ ( 1 6)

Ус \ Ус I

«-Ьеге ЛГ^(С ) Ьаз Ьесп гер1асе<1 Ьу еяп.(Ю), геГегз ю ипсотркхес! зо1ше

т 1:иге С апс!/л'(г) 15 гпе попсотр1ехт(* сотропет оГ гЬе А—С ипегасгюп

рагатсгег. Еяп.(1 5) зиН ргесИсгз Нпеапгу оГ ^<м) аратзг Ф(/ пгезресше о!"

Кас \\Ы1с еяп.(16) сап гезик т розтуе. гего, ог пераиуе сигуагиге. Рог ехатр1е,

(ог Уь -• Ус, Ха(В) = Ха'(С)» апс1 Хс<в> оп1у тос!е511у перайуе, еяп.(16) гес!исе5

арргохшШе1у го гЬе ОН-Ау/НегЦпр ге1аиоп, 1. е. еяпз.(1) ат1 (10) герагсПезз

оГ гЬе зггепргЬ (/1 те зсЛиге-зоК'ет тгегасиоп.

ТЬеге Ьа\с уст ю Ье геропес! с1а1а \уйЬ \уЫсЬ ю еуа1иа1е зо1и!е раптоп

соеШаетз «-йН тгегасиуе 5о1уеп1з (аррагепг /д-(в> пераиуе) \\'Ьеге зоКепс-сот-

ропет <Итег12аиоп аз \\е11 аз зо1иге-зо1уеп1 сотр1еха1юп аге а1зо ехгапт. Сот-

Ьтаиопз 51тИаг го 1Ьозе зидрезсес! Гог Туре А.1 тау ргоуе изе1и1 т 1Ыз

герагс!; (ог схатр1с, а1соЬо1з, аттез, апс! ат1с1ез аге 1ЬоирН1 т рагГ1си1аг го

5еИ-аззос1а1;с, аз \ус11 аз тгегасг зрес1Г1са1)у \\!1И а1ку1 ЬаНёез. 8шсИе5 иТ1Нх1пс

шел аз \ус11 аз шгсгасГ1уе зо1и1сз \\'кп Ыепйз о!" гНезе \уои1с1 1пеге(оге Ье оГ

зоте 1пгегезг аз \уе11 аз 1тролапсе ш е\а1иаипр зо1ииоп8 оГТурез А. III апс! IV.

В. /с(В) 0: Лго Лррагст ЗоЬем-ЗоЬепг Ьиегасйоп

Ву с!еПп1С10п, Кси 15 пейНё1Ые 1п гЬезе тзгапсез. пеес! гЬегеГоге оп1у

соп51с!ег гЬе 31ГиаГ10П8 щ шЫсЬ апс! ЛТдс аге гего ог розтуе.
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///. Опе ог 1пе о*Ьег оГ гпе зо1ует сотропетз ситепгез; щп. (13) \уШ

гЬегеЬу арр1у То сИаспопс зоКтопз. МосНПсапоп оГ еяп.(2) (о тс1ис1е Ка, оп

1Ье отЬег папа\ 18 яшЧе сотр!ех. НеуеггЪе1е88, апс1 аз ш Туре А.Ш зузгетз,

ро$туе, гего, ог педаиуе сигуашге тау гезик т р1о*з оГ 1п (К^( м>/^к(В>)

с1ерепсип§ ироп 1пе уа1ие8 о{ К<\, ха<в)> Ха<с1)5 апс! ха(С2).

IV. №е сопзИег Пт 1ка1 К\с = 0 апс! 1Ьа1 гпе 8о1те рагтюп

соеШаепг с!а1а аге ёезспЬес! Ьу еяп.(1):

 

Кв- 4. Рк>15 оГ К&(и)1К&(в) (1еЙ-Ьаж1 огсНгиие; 5оПс1 сип-ез) апс! 1п (/СЯ(М)/АТв(В)

(п^Нс-Напс! огсНпа1е; йазЬес! сигуез) ава1П51 Фс [ецп. (17)] (от 1Ье сазез: /С",(с>//С2<в>
■- 0.01 (1о\уег), 0.1, 5, ап<1 10 (иррег сип'е оГ еасЬ зег). (Ь) Е^п. (18); зоНд сипев геГсг

Ю *Ье 1еЛ-Ьапс1 огсНпасе апс! спе <1а$Ьес1 сигуез 1Ье П(;п1-пагк1 оп1та1е.

Р1о18 о!" ^к<м)/^к(В) аратзг Фс, зЬо\уп аз зо1и! Ппез т р1§. 4(а), \уШ Ье

Нпеаг Ьш 1п(/С§(м>/^(в>) \уШ гедгезз аз сигуез сопсауе го 1Ье аЬзазза.

ТЬе ёазЬес! Нпез т Пр. 4(а) (прпг-Ьапс!-огсНпа1:е) Шизгше гпс гезикз са1си1а-

сес! К&<с)/К{><В) =0.01, 0.1, 5, апс! 10. №е зее, пошеуег, 1па1 аз гЬе

гаио арргоасЬез ипиу гЬе сигуез Лаиеп. Могеоусг, аг уа1иез зП^Ьиу 1езз ог

вгеагег гЬаг ипиу гЬе сигуагиге 15 оп1у тойезг апс! соиИ ше11 Ье тазкес! Ьу сх-

рептепга1 еггог. Ецпз.(1) апс! (2) сУ1с!еп1:1у \уП1 Ье шсНзипршзпаМс ш гЬе.че

1П81апсез.

№е сопз1с1ег пехг гЬе гецшгсс! тосНПсаиоп оГ ецп.(2) \уцЬ Клс = 0

^Ьсп ц [гагЬег гЬап еяп.(1)] 15 оЬсуес!:

1пдам>/К°(В)) = Фс 1п (К&{с)1К&т) (18)

Р1о1з о{ м)/^к(В) [еяп.(1)] аратзг Фг (Низ аге ргесИаес! ю Ье сигуес!

пс^аиуе1у ёерепсИпр ироп гЬе гаио оГ ригс-рЬазе рагииоп соеШаетз. 4(Ь)
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Шизггагез гЬе сазез: /Ск<о/^<в) =0.01 (1о^езг сигуе), 0.1, 5, апд. 10, гЬе

йазЬес! Нпез геГегппр (о гЬе прпг-папс! огсИпаге (/С^< мь'А^В)) апс! гЬе зоНс!

Нпез гЬе 1еЛ-Ьапс1 огсИпаге [1п(ЛГ^< м/АГ^В)), 1. е. еяп.(18)]. ТЬе Ьопгота1 Нпе

гергезегиз тЬе 1пУ1а1 зииаиоп /^<в> = ^(о- Сигуашге т гЬе с5азЬес1 Нпез

с11т1П15Ье5 тагкесИу аз гЬе гаио ^(Г)//^к<П) '5 с!есгеа5ес1 ап<1 15 поисеаЫу

азуттетс го\уагс1 Фс = 0. Аз 1Ье гаио 15 тсгеавеё Ьеуопс! ипку, гЬе с!е-

учапопз Ггот Нпеату тсгеазе лукН 5утте1пс сигуашге аЬош Фс = 0.5.

1п гпе еуепг гЬаг Кас 15 Гтке, еяп.(Ю) \уШ Ье оЬеуеё к 1Ье 5о1ше рат-

гюп соеГПает (1ага аге ёевспЬес! Ьу еяп.(1) 5тсе еасЬ ге1апоп сап т Гас* Ье

ёепуес! сПгесгЬ/ Ггот 1пе огЬег. Сопз1с!егаиоп оГ 1Ье еГГесгв оГ Пгпге АГАс оп

еяп.(2) 15 1е55 згга1рЬг-Гог\уап1. \№е геитие ецп.(2Ь) Ье1о\у \уиЬ хпв» 5ег со гего

Ьис \У1гЬ ап ас1с!ес1 гегт сотаттр ЛГас53:

1п (П,м,'А^(в,) - ^А)+(/.а(В,-/.а'(С))|фс г 1п| 1 ~у^ф^ О9)

ЗеиПпр гЬе то1аг уо1итез, тгегасиоп рагатегегв, апс! Кас еасЬ тта11у еяиа!

го питепс уа1исз оГ 0.5, ецп.(19) геёисез со:

1п(К°<м>/КЯ<в>) = 1п(1 т Фс) (20)

1С уус зиррозе оп 1Ье огЬег Ьапд тЬаг ха'(о -■ 2 ХА(В> =2, \уЫсЬ <1ое5 по1 5еет еп-

иге1у ипгеазопаЫе Гог тойегаге го 51гопр А— С] тгегасиоп, тпеп

1п (^(М,/П(В))- - Фс + 1п(1 , Фс) (21)

№е пех1 5е1 Кас -= 2Ус Ьш гес1исе /.л'(о арат еяиа1 го ха<в»:

1п (^< м)/К&(В) - 1п 1 + 2 Фс). (22)

Рта11у, \уе 1е1 Кас = 2 Кс апд ха<в> — 2 ха'<с> = 1 :

1п(АГ°(М>/Л:°(п,) - -Фс I 1п(1 + 2 Фг). (23)

Р1о15 оГ еяп5.(20) -(23) аге зЬо\уп т Пр. 5, \уЬеге \уе 5ее гЬаг еяп5.(20) апс!

(21) у!е1с1 псаг-Нпеаг геугекзюп \\'Ы1е еяпз.(22) апс! (23) аге зЬагр1у Ъо\ус<±

ТЬе Гогтег 1$ азуттетс гоулич! гЬе прЬ1-Ьапс! огсппаге, \уЫ1е т.Ье 1апег 15

зИртЧу азуттетс то\уагс1 1Ье 1ей-Ьап<1 огсНпате.

Уегу тапу огЬег сигуе 5Ьаре5 сап аррагет1у а1зо Ье репегагес! Ьу афизт-

тепг оГ 1пе гаиоз Кд/Кв, Уа/Уг, ха'(о/ха(в>» апс1 Кас/Ус- Но^геуег, п арреаг»

гпаг \уЫ1е сапрет з1оре8 тлу сЬапце Ггот розк1Уе 1Ьгои^Ь гего го перапуе,

(Ье сигуез \уШ а11 Ье Ьоиес! ро51С1Уе1у Гог геаНзис уа1иез оГ гЬс^е с5а!а.

\\агЬ 5о1иГ10п Туре5 А.Ш апс! IV, гЬеге 15 а раиску оГ (1ага \У1гЬ

\уЫсЬ го гезт :Ье аЬоуе ге1аиоп5, Туре5 В. III. Зукгстз зисЬ аз тегг 5о1ите5

тгЬ сотЫпа1:10п5 оГ н-а1капе \у1тЬ с11-«-а1ку1 ат1с1е зоК'епгз аге тЬегеГоге зиррезг-

ес! Гог ГипНег згиду, 51псе 1Ье 1апег сап 8е1Г-аз50с1а1е уег ргезитаЫу «'0и1с1 р1\ге

пецН^1Ые аррагепг х<'<В). На1оа1капе яо1икз \чои1с! тЬеп ргоУ1(1е е\-а1иаГ10П оГ

5о1ииопз оГ Туре В. IV.
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Рщ. 5. Р1оГ5 оГ 1п(Х5(М)//<Г;ш)) авшпз!

Фс Гог гЬе сазез: еяп.(21) (1о\уег); еяп.

(23); ецп.(20); апс1 еяп.(22) (иррег сиг\х);

зее Тех(.

2.5
 

Зс

р1§. 6. Р1о18 оГ 1п(/С^(м)/АГ,°,(11)) ава1П51

Фс [ецп.(25)] «>иЬ -/А'С) = Ха<п» 17а

^ Кв = Ус, апс! ЛГчс/Ис - 0.1 (1о*ег),

1,5, апс! 10 (Цррег сипе).

С Хс(В) > 0: Аррагет Зо&епс-ЗоЬепс 1псИпайоп ТогиагА Оепихгпц

ТЬе то зо1уепг сотропепгз т гЬезе сазез гепс! го\уаг<1 ^тпнзслЬШгу \упЬ

аг 1еазг гЬе рогетча1 о!" тасгозсорк рЬазе зерагагюп. ТЬе та^опгу Ьу Гаг оГ а11

Ыпагу-зо1уепг зузгетз геропед го <1аге Га11 тго гЫз с1азз. №е ргосеес! аз т В

ш гакт§ Ксъ го Ье гего апс! сопзИег т гигп гЬе еГГесгз о!" Ппке Ка апс! Кас-

III. Аз ш зо1игюп Турез А.Ш апс! В. III, еяп. (13) 18 гЬе арргорлаге

тосЬПсагюп ог" ецп.(1) т гЬе тзгапсе о!" зо1уепг-сотропепг зе1Г-а55оаагюп. Ыггк

сап Ье Гогесазг \укЬ герагс! го ецп.(2), Ьо\\'еуег, \укЬоиг аг 1еазг зоте ехреп-

тепга1 тз^Ьг тго гЬе уашез оГ гЬе зо1иге апс! зо1уепг тгегасгюп рагатегсгз

тгЬ топотег апс! сЬтег зрескз.

СЫеп, Корест, ЬаиЬ, апс! 5тпЬ51 гезгсс! ецпз.(13) апс! (14) уЛгЬ гЬе

зо1уепг зузгетз я-Ьехасксапе апс! п-осгас!ссапе (В) \упЬ 1чГ,К-сИЬигу1-2-е1Ьу1-

ЬехапатИе (С). ТЫз раггки1аг асМЫуе \уаз сЬозеп зтсс Корест, ЬаиЬ, апс!

РегкоУ1с72 Ьас! ргеуюиз1у зЬо\уп к го сктепге \уеак1у т зошгюп, \\'кЬ АГ,1 оГ

0.2 с!т3 Ш011. ТЬе гезикз т гасг сктопз'.гагес! гЬаг гЬе роз1пуе1у-сигусс! ЛГ^, м>

— Фс с!ага Гог поп-тгегаш\'е зо1шсз \уеге скзспЬес! псаг1у ехасг1у Ьу еяп.(13),

Ьепсе ецп.(1).

IV. Еяпз.(1) апс! (10) тизг т гЫз тзгапсе арр1у ехасг1у го сНаспопс зо1и-

гюпз. 1п еуакагтр еяп.(2Ь) аз ап акегпаг!уе, \ус ргосеес! аз ЬеГоге Пгкг

го амшскг гЬе тзгапсе о!" пецН^Ые Кас Зиррозт^ тта11у гЬаг У.\

-=Ив= Ус, гЬаг ха<в> - ха<о (1. е. /С&<в> = ^к<п). ап<* 1паг хс<В) арргоасЬез

ип1гу, сцп.(2Ь) гЬеп Ьесотсз:
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ln(^,M,'^(B,) = *c-0f: (24)

for which plots of ln(AT£( m>/JCr<B)) against $c must be curved positively,

although the extent of curvature may be slight depending upon zc<B). We now

let xc(B) and K\c each be unity, whence

At low to moderate concentrations of C, plots of In (^r(M)/^r(B>) against <t>c

will approach linearity whereas the term (1 + Kac 0>c ^c_1) will dominate at

high <t>c and curvature will result. The plots may be curved only silghtly

even at high <t>c, however, depending upon the respective magnitudes of xc<b>

and Kac- Fig. 6 illustrates the curve shapes of eqns.(24) and (25) with /A<o =

= XA(B), Va = Vb = Vc, and KAclVc = 0.1, 1,5, and 10.

Solutions of Type CIV include very many of the four hundred or so sys

tems tabulated by Laub and Purnell50 [e. g. w-octadecane with di-«-octyl ether

solvents with interactive (haloalkane) solutes73] and as discussed at length by Laub

and Wellington42 (see also ref. 54).

Finally, we make mention of solvents which exhibit incompatibility that

gives rise to phase separation. Eqn.(l) must of course apply exactly over the region

of partial miscibility, but it has been argued55 that the resultant straight lines

may or may not be contiguous with those (curves) corresponding to regions of

one phase. To date, the only experimental study of such systems is that published

by Laub, Purnell, and Summers54 where, however, no effort was made to distinguish

solution Types A—D. Nevertheless, straight-line regression was observed for

all solutes both through the partially- and fully-miscibile regions of the solvent

systems: ethyl benzoate + propylene glycol and tributyl phosphate + ethylene

glycol74.

It is clear from this evaluation that when the solute-probe gle technique

is used to study multicomponent solvents, distinction can in fact be drawn between

the two alternative relations, eqns.(l) and (2), in selected instances. However,

the paucity of information for solutions of Types A and B precludes at this time

further speculation regarding extension of cither in order that they conform with

experiment. Moreover, the various presumed contributions to /c<B) cannot at

present be speciated quantitatively with any degree of confidence. Nevertheless,

reasonable assumptions made regarding the state of molecular aggregation of

solvent components provides at least some measure of rationalization of solute

and solvent interaction parameter data. The matter is clearly one which invites

further and comprehensive study with the systems suggested for each class of

binary solvents, the results of several of which we hope soon to report.

Acknmoledgmcnts. We thank the Department of Energy and the National Science Foundation

for support of this work.
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SUMMARY

The several situations are presented generally in which solute (A) infinite-dilution

liquid-gas partition coefficients K|(M) may or may not vary linearly with the volume-fraction

composition G> of binary-component (B, C) solvents. Each is discussed in terms of solvent-

-solvent interaction parameters xo(n>. The effects of solvent-solvent complexation (Ken), solute

-solvent interaction (/Cac), and solvent self-association (Ka) are also considered. The majority of

published work (apparent /c<n) > 0) falls into the third of the three defined major classes of

solute-solvent-solvent equilibria. There is a paucity of data for solutions of the remaining types,

for which redress by experiment is suggested.

H3BOJ

PACTBAPAIfcE H KOMriJIEKCHPArbE y HE-EJIEKTPOJIHTHMA. BE3A

nAPTHITHOHHX KOEcUHUHJEHATA PACTBOPAKA CA CACTABOM iJBOJHHX

PACTBAPAMA

P. U. JIAyB

XeAtujcKu odcex, Hp^icamu ynusepmiueui Can flueio, Can Jlue:o, Kamufiopnuja, CAJJ

npHica3aHO je hckojihko CHTyaiwja, y onurreM cirynajy, Kafla racHO-TeiTHH napTHUHOHH

KoecpHUHjcHTH npn 6ecKOHaiHOM pa36jia>KeHjy Mory (aJiH He Mopajy) jiHHeapHo saBHCHTH or

3anpe.MHHCKor yaeria flBojHor pacTBapawa. CnauH CJiytaj je aacKyTOBaH c Tawe me^Hum

napaMerapa HHTepaKUHje pacTBapaM-pacTBapat. TaKobe cy pa3MaTpaHH eipeKTH KoiwruieKCHpaiba

pacTBapaM-pacTBapan, pacrBopaK-pacTBapai h caMoacouHjaunja pacTBapana. rjiaBHHHa o6jaB-

jbeHHx pajoBa cna^a y Tpehy oji AeduiHHcaHHx rjiaBHHx Fuiaca paBHOTen<a pacrBopaK-pacTBapai-

-pacTBapaM. riocTojH c&mo MaJiH 6poj noflaTaKa o pacTBopiiMa ocTajinx THnoBa, na ce npenopywyje

eKcnepHMeHTaJiHa flonyHa.

(fTpHMjbeHo 7. MapTa 1983)
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Various methods were used for the synthesis of N-ethylamide phenylacetic

acid. The best results were obtained by aminolysis reactions. Aqueous solutions

of ethylamine were used for the reaction and the reactants were at different molar

ratios. The results obtained by using various synthetic methods were compared.

N-substituted amides of phenylacetic acid due to their structural similarity

to the lateral chain of benzylpenicillin present especially interesting derivatives

of this organic acid. The synthetic preparation of N-methylamide and N-ethyl

amide phenylacetic acid differs from the methods for obtaining other monosubsti-

tuted amides of phenylacetic acid because the initial amines are gases under

normal conditions.

The synthesis of N-ethylamide phenylacetic acid may be carried out in several

ways. The earliest data known appeared by the end of the last century when

Wheeler and Johnson1 first synthesized this amide by transforming the imino-

methylether of phenylacetic acid with ethyl iodide (lb, lc) at elevated temperature.

The intermediate iminoether is obtained by the known Pinner synthesis2-3, i. e.

the reaction of benzyl cyanide with ethyl alcohol in acidic medium (la).

,NH2Cl

PhCH CN • EtOH • HCL PhCH2~C (1* '
xOEt

✓NH2Ci EU ,N-El

PhCH*-<\ KOH ^Ht-C .ID,

OEt OEt

0 H

PhCH2-C" PhCH2-C-N-El • EtOH He i
\ OH "

„'N"El H20

SOEt

* Paper presented at the XXV Annual Meeting of the Serbian Chemical Society, Jan.

18-20, 1983, Belgrade
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Meerwein et a/.4 also used the preparation of amides from nitriles by the ac

tion of triethyloxonium-tetrachloroaluminate on benzyl cyanide and the subse

quent treatment of the reaction product with water to synthesize the desired amide.

This compound was also obtained as the main product of reaction of phenacetyl-

-urethane and cthylamine aqueous solution at room temperature5.

Since all these methods have certain drawbacks (complicated synthesis,

specific procedure conditions, several reaction products, relatively difficult iso

lation of the main product, etc.), the synthesis of N-ethylamide phenylacetic acid

by various procedures was attempted, some of which up to now have not been

recorded in the literature. Table I shows the used procedures:

TABLE I. Procedures for the synthesis of N-ethylamide phenylacetic acid

Initial compound

1. CeHsCHaCOCl

Reactants

b
«■•)

2. C«H5CH2COOH

3. CaH5CHsC=N

4. C«H5CH2COOCH3a)

b)

CH3CH2NH2HC1

CH3CHeNHs/H20

CHsCHjNHj/EtOH

C.Hn-N-C N-C(Hn

CH3CH2NH2/EtOH

C2H5OH, HC1

C2H5I

CH3CHjNH2/H20

CH3CH2NH2/EtOH

Explanation of reaction

Action of amine on phenylacetic

acid chloride

Amide synthesis by means of

N,N-dicyclohexylcarbodiimide

Amide synthesis by means of the

iminoester

Ester aminolysis in aqueous and

alcohol solution

The first procedure actually represents the known Schotten-Baumann reac

tion of acylation (2) with acid chloride. According to this procedure phenylacetic

acid chloride, with stirring, is slowly dropped into a suitably prepared solution

of ethylamine (water, EtOH, HC1) in ether in the temperature range of + 5 to

+ 20°C. The reaction was carried out analogously to the synthesis of N-methyl-

amide phenylacetic acid6 from phenylacetic acid chloride in the presence of potas

sium hydroxide.

In the second procedure (3) of amide synthesis the reaction of carboxylic

acids with dicyclohexylcarbodiimide (DCC) was applied with subsequent treat

ment of the reactive intermediary compound with the amine7.

PhCH,c' ^2-
2 IEo IEtOH.H2O.HCl I

0 H

PhCH2-C-N-Et 121

RCOOH • CgH^-N'C-N-CgH
R-C-0-C-N-C,H„

0 NH
H I

CbhU

H 0 H
i ii i

131

R-C-O-C-N-CgH^ • R^HH2 R-C-N-R1 • C^^- N - C - N - C6H„

0 H

R1-C-OR2 • R^NH R1 - C - NR^ • R2OH
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The advantage of this general method of amide and peptide8 synthesis is

that it is not necessary to isolate the intermediary compound and that both steps

take place at room temperature.

The third procedure consists of synthesizing the amide by means of the

iminoester1 which is obtained by transforming the corresponding nitrile.

For synthesizing N-ethylamide phenylacetic acid by the fourth method, the

reaction of aminolysis of methylester phenylacetic acid in aqueous and alcoholic

solution of ethylamine was applied. Although the reaction of aminolysis of car-

boxylic acid esters (4) has been known for a long time and extensively investigated,

not once up to now has been applied to a known procedure for obtaining the amide.

In the literature the reaction of aminolysis of ethylester phenylacetic acid

is otherwise known and applied to obtaining N-butylamide-9, N-dodecylamide-10

and N-octadecylamide phenylacetic acid11.

Several investigators have employed an alkyl-12 or arylphosphine13 or hexa-

methylphosphoramide14 in a carbon tetrah ilide as a reagent for amide bond for

mation. Other unusual reagents are, for example, hexachlorocyclotriphosphatri-

azene15 and N-phosphonium salts of pyridine16. These reagents were not employed

in this work.

EXPERIMENTAL

All the chemicals used were of p.a. purity grades. IR spectra were recorded on a Perkin-

Elmer Grating Infrared Spectrophotometer, Model 457 in the form of KBr pellets. The separa

tion of products was monitored by thin-layer chromatography (TLC) on silica gel G (StahP,

with ethyl acetate: carbon tetrachloride (1:1), detection being effected by I2. Gas chromatography,

Varian Aerograph instrument, series 3700 (FID) for analytical purposes equipped with 3% SE-30

adsorbed on Chromosorb W-HP 100/120 mesh, in a glass column 180 cm X 2 mm, i. d. Carrier

gas: nitrogen, flow rate 30 mL/min. The temperature was programmed for analytical work,

130-200°, 10/min.

The other glass column was equipped with 20",, PEI as the stationary phase adsorbed

on Varaport-30, 100/120 mesh, 50 cm x 2 mm, id. The temperature was programmed for ana

lytical work, 100 - 190 , 10 /min. Mass spectra were obtained on a Varian Mat 31 1 A Mass Spectro

meter, using a direct probe and 70 eV ionizing energy.

First method: Into a 250 mL three-neck round bottom flask equipped with a thermometer,

funnel dropper and reflux condenser, 9 g (0. l3mol) of ethylamine hydrochloride are placed,

dissolved in 4.5 mL water and 7.5 mL KOH (70%) aqueous solution are added. After adding

25 mL diethyl ether, the mixture is stirred with a magnetic stirrer, kept at the reaction tempera

ture -+ 5 to 4- 15° and 6.5 mL(0.05 mol) phenylacetic acid chloride are slowly added. The reaction

lasts for two hours. After adding 50 mL water, which is sufficient for dissolving the formed po

tassium chloride, extraction is carried out twice with 50 ml. diethyl ether each lime. The crude

product, obtained by evaporating the solvent, is recrvstallized twice from water. White crvstals

are obtained, m. p. 70 -72 . Yield: 47%.

Second method*: Into a 100 ml. three-neck round bottom flask eqipped with a thermo

meter, funnel dropper and reflux condenser, 3.75 g ^0.05 mol) phenylacetic acid and 12.38 g (O.Oii

mol) dicyclohexylcarbodiimide in 30 mL methylene chloride are added. After stirring for 5 min,

8.1 mL 33"u ethylamine solution (0.05 mol) in ethanol are added dropwise. The reaction is carried

out for 4 h at room temperature with constant stirring and then 1 mL acetic acid is added. The

insoluble dicyclohexylcarbamide is removed (change the solvent to ethy! acetate), the solution wash

ed with dilute acetic acid and then with sodium bicarbonate aqueous solution. After extraction

with petrolether and evaporating the solvent, white crystals are obtained.

Gas charomatographic analysis of the reaction product did not detect the presence of

N-cthylamide phenylacetic acid.

Third method11 : Into a 500 mL three-neck rou.id bottom flask equipped with thermometer,

reflux condenser and a tube for introducing gaseous HC1 58.5 g (0.5 mol) benzyl cyanide, 23 g
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(0.5 mol) absolute ethyl alcohol and the same quantity of dry diethyl ether are mixed. The con

tents of the flask are stirred while introducing approximately 1.25 mol dry HC1. After com

pleting the addition of HC1 (about 3h)thc flask is left in a cooler (on ice) for 7 days. The formed

pinkish-white crystals of iminoether hydrochloride are filtered on a Biichner funnel, washed

with cold waterfree diethyl ether and dryed in a vacuum desiccator for 24 h over sodium hydroxide.

Yield 74 g (75°0 of the theoretical value).

The obtained iminoether hydrochloride is further reacted with 60.5 mL (0.75 mol) ethyl

iodide, by using 57 mL 50°o aqueous potassium hydroxide solution. The reaction is performed

at 100- 106 with constant stirring. After 2 h ih: reaction mixture is poured into 200 mL cold

water with stirring and cooling. The obtained crystals are filtered on a Biichner funnel and twice

recryirtallized from water.

Fourth method: The aminolysis reaction of methylester phenylacetic acid has been espe

cially investigated because the results obtained by using the other methods did not yield the ex

pected and satisfactory results.

In the course of this reaction solutions of ethylamine in ethanol (33%) and in water (33

and 50°o solution) were used. Various molar ratios were also used (ester: amine = 1: 1 or 1 : 2)

and the reaction was followed at room temperature and the reaction mixture reflux temperature.

In a 100 mL three-neck round bottom flask equipped with a thermometer and reflux

condenser, 10 mL (0.07 mol) methylester phenylacetic acid and 19.4 mL 33% ethylamine solution

in ethyl alcohol (0.142 mol ethylamine) are added. The reaction is carried out at boiling tempera

ture and the contents of the reaction flask are investigated in defined time intervals by thin-layer

chromatography and gas chromatographic analysis. After, for example, 24 h of boiling, the con

tents of the reaction flask are poured into a glass with 50 mL distilled water with stirring and

recrystallized to constant melting point of the reaction product. The synthesized N-ethylamide

phenylacetic acid was identified on the basis of analysing IR and MS spectra and on the basis

of elemental analysis and melting point data. The purity determined by gas chromatography was

over 99%. White crystals are obtained, m. p. 72-74°. Yield: 8.7 g (66% of the theoretical vield).

CalculatedforC,oHi3NO(163.22):C 73.59%; H 8.03%; Found: C 73.96%; H 8.00%;

IR(neat): vm«x= 3290 (NH), 1635 (amide).

MS,ra/e(%): 163(M+, 5), 93 (4), 92 (100), 91 (44), 72 (33), 65 (8), 44 (34), 29 (23) and 17 (5).

RESULTS AND DISCUSSION

Table II shows the data obtained by various experimental methods.

TABLE II. Survey of reaction conditions and achieved conversions for various methods

Method
Initial

compound
Reactants

Molar

ratio

Temperature Conversion

(°C) to amide

1. PhCHsCOCl EtNHaHCl

KOH

1:1.3 5-15 78

2. PhCHaCOOH CoHnN = C = NCeHu

EtNH2/EtOH

1:1.2:1 25 —

3. PhCH2C^HN a) EtOH, HC1 1:1:1.25

1:2

0-10

100-106

75

b) EtI 25

4. PhCH2COOMe a) EtNH2/EtOH 1:2
25

70

52

68

b) EtNH2/H20 1:2
25

70

56

82

The presented data indicate that the wanted amide is obtained in greatest

yield by the first method from phenylacetic chloride by the reaction of ethyl

amine hydrochloride in the presence of potassium hydroxide aqueous solution,

and by the fourth method by the reaction of methylester phenylacetic acid amino
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lysis with aqueous and alcohol solution of ethylamine. These two methods have

not been recorded in the literature up to now for obtaining N-ethylamide phenyl-

acetic acid.

 

Diagram 1. Molar ratio 1:2, t = ft>. 1. Methylphenyl acetate +

EtNHa (33%)/EtOH. 3. Methylphenyl acetate + EtNH2 (50%)/H2O

The advantage of aminolysis is in the simplicity of the experiment and the

easy isolation and purification of the reaction product.

The yield of N-ethylamide phenylacetic acid obtained by the reaction of

ethylamine and phenylacetic acid chloride is 47%. If the amide is obtained by

aminolysis of the methylester phenylacetic acid with 50% ethylamine aqueous

solution the yield is 66%.

The aminolysis reaction was followed by analysis of the reaction mixture

by gas chromatography. Diagram 1 shows the results obtained by following the

aminolysis reaction at the reaction mixture boiling temperature at a reactant molar

ratio of 1 :2 (methylester phenylacetic acid : ethylamine).

 

Diagram 2. Molar ratio 1:2, t = ti,. 1. Methylphenyl acetate +

EtNH2(33°„)/EtOH. 3. Methylphenyl acetate ■}- EtNH2 (50%)/H2Q
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Since it was noticed that a relatively high degree of conversion is also attained

during a shorter period, the aminolysis reaction of methylester phenylacetic acid

during the first hour of reaction was especially investigated (Diagram 2).

The aminolysis reaction also takes place at room temperature which is shown

in Diagram 3.

F

70
Si

6 0

^0 —'—~2

40

30

20

10
•

0 20 40 60 80 100

time I h ]

Diagram 3. Molar ratio 1:2, t =- 25°C, 2. Methvlphenvl acetate

J EtNH2 (33%)/EtOH. 4. Methylphenvl acetate ! EtNH2

(50%)/HaO

On the basis of the obtained results it may be seen that the aminolysis reac

tion of methylester phenylacetic acid is faster and that higher yield of the desired

amide is obtained if it is carried out with ethylamine aqueous solution at elevated

temperature.
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H3BOJ

CHHTE3A N-ETHJIAMimA tf-EHHJICHPTiETHE KHCETHHE

CnOBOJAH ;i. IIE Tt'OBMR, HAftA fl. CTOJAHOBHK, OCTOJA K. CTOJAHOBH'R h hectop

JI. KOEHJIAPOB

TexHo.ioiuKo-Meuia.typtuKU (fiaKy.iiueiu YHueep3uuieuia v Ecoepady, u. up. 494,

I 1001 EccHpad

KopHiuheHH cy pa3jiH'iiiTit nocryrmH CHHTenooBaiba N-eTiuiaMHfla (bemi-icHpheTHe kucc-

JiHHe. Haj6on>H pe3yjiTaTii ce ;jo6iijajy peaKujijoM ajvuniOJiHse Me-ntjiecTpa cheHHTiciipheTHc

Kiice^HHe. 3a ony peaKiytjy cy KopiimheiiH bojchh h ajiKoxo.imi pacTBopii eTHJiaMima h pa3-

jihmhth mojickh o^hoch peaKTaHaTa. Ilopcbemi cy flo6njeHH pe.iyJiTaTH pa3.iiroHTHX ciiHTeTCKiix

nocTvnaKa.

(ripHMJbeHO 7. Mapxa 1983)
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The reactions of arylmethylene dicarbamates (/) with ethyl vinyl ether

in the presence of 1 — 2°0 of boron trifluoride etherate were studied. Tricarbamates

(J) were obtained in the reactions. The formation of the product depends upon

the substituent on the aryl group of the starting dicarbamate, that can either sta

bilize or destabilize the adjacent cationic centre of the proposed intermediate 5

(Scheme I). Thus, chloro and methoxybenzylidene dicarbamates give the corre

sponding tricarbamates, while the nitro substituted analogues do not react. A large

increase in quantity of Lewis acid added to the reaction mixture of benzylidene

di(ethylcarbamate) and ethyl vinyl ether led to the formation of cyclization product

9, which was identified by spectroscopic and chemical transformations.

Addition reactions of acetals1 and thioacetals2 to a,(3-unsaturated ethers

in the presence of various Lewis acids constitute an important method for the

formation of carbon-carbon bonds. Dicarbamates have not been used in these

reactions, but their synthetic utility was demonstrated in the reactions with un-

symetrically substituted alkenes3 snd dienes4-5. These chemical observations seem

ed to suggest to us that arylmethylene dicarbamates (/) would react with un

saturated ethers in a similar manner as acetals and thioacetals according to the

following equation:

Thus, we report herein the results of our investigation, defining the power and

scope of these reactions. In this respect we have initiated the study concerning

the influence of the amount of catalyst, substituents X in the benzene ring, nature

of alkyl group, solvents and reaction conditions on the course of these addition

reactions.

(Received 6 April 1983)
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The reaction of benzylidene di(ethylcarbamate)6 7a (/, X = H; R = C2H5)

with ethyl vinyl ether was tried first. To an ethyl acetate solution of the dicar-

bamate and boron trifluoride etherate (1 .6% by the weight with respect to the

starting dicarbamate) an equimolar amount of the unsaturated ether was added

at 35°C and the reaction mixture was stirred for 1 h. After neutralization with

solid anhydrous sodium bicarbonate the filtered organic solution was concentrated

and upon addition of ether the crude product crystallized. The product thus

obtained was identical in all respects (i. r., elemental analysis, melting point) with

tricarbamate 3 (X = H; R = C2H5), synthesized from cinnamaldehyde and

ethyl carbamate in the presence of hydrochloric acid as a catalyst7b-c. Although

NHCO R

I 2(«#SVY-CH-CH,-CH(NHCO R)

cjr 2

the expected product 2 (X = H; R = C2H5) could not be detected, it is probably

obtained as an unstable intermediate which transfoims to the final product by

nucleophilic substitution of the ethoxy group by ethyl carbamate as depicted in

Scheme I.

t 3
,NHCOR

^\pCH(NHC02R)2 3 J^jp

xV

BF,

cl"> " ^CHNHCOR I .".„ „
^NHCO R 5= fY 2 + NHC°2R

XX

CH-NC02R ♦ NH CO R

2 2

CH -CHOC H
^^jp-CHNHC02R ":T "" 1 ~

NHCO R
I 2

 

"BF
1 3

,, NHCO„R
CHCH2CH0C2H5 2

NHCO R

I 2^^CHCH^HOC^ NH2C°2R' BF3

— li NHCOR -HOC H
2 2 5

NHC02R

^S\^CHCH2CH(NHC02R)2

3

Scheme I

Apparently the formation of 2 involves the complexation of the starting aryl-

methylene dicarbamate / with boron trifluoride etherate giving rise to 4, which dec

omposes to the stabilized carbenium ion 5 and boron trifluoride-carbamate residue
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6. Subsequent attack of 5 on ethyl vinyl ether affords a new carbenium ion 8 that

combines with 6 to give the intermediate 2. Finally, the reaction of 2 with ethyl

carbamate, generated by the known5 equilibrium A in the presence of boron tri-

fluoride, leads to the isolated tricarbamate 3 (X = H; R = C2H5). The same type

of reaction has been carried out with the series of arylmethylene dicarbamates ()),

in which substituent X shows in addition to conjugation effects, either electron

attracting properties (NO2) or electron donating properties (CI, OCH3) and group

R is ethyl or isobutyl. The yields of the corresponding tricarbamates (J) vary

from 12—54% (Table I)*. In addition to the tricarbamate or unreacted dicar-

TABLE I. Tricarbamates (3) from arylmethylene dicarbamates (1) and ethyl vinyl ether in the

presence of boron trifluoride etherate

X R Yield % M. p. °C Recryst. solvent

H C2H5 26 155-6 ethanol

o-Cl C2H0 19 181-2 33

nt-Cl C2H5 12 159 >1

0-OCH3 C2H5 54 158-9 ,5

P-OCH3 C2H5 12 132 acetone-petroleum ether

o-Cl (CH3)2CHCH2 25 168 ethanol

bamate, a relatively small amount (up to 10%) of ethyl carbamate was usually

isolated. As might be expected, under the reaction conditions described, with

boron trifluoride etherate as the catalyst, ethyl vinyl ether readily polymerizes8,

so that the organic mixture remained after separation of crystalline products was

yellow, viscous sticky material. Consequently, in order to eliminate the undesired

polymerization as much as possible, ethyl vinyl ether was always added to the

reaction mixture very slowly. The results shown in Table I clearly indicate that

the best yield (54%) was obtained with o-methoxybenzylidene di(ethylcarbamate)

This can be rationalized by assuming that the stability the of carbenium ion 5, one

of the intermediates in the reaction course (Scheme I), depends on the substituent

in the aryl group. Thus, electron donating substituents such as methoxy or chloro

will stabilize the positively charged intermediate 5 and accelerate the reaction.

On the other hand, an electron attracting group like the nitro group will prevent for

mation of the carbenium ion 5 and consequently inhibit the reaction. That was

actually the case with ortho, meta and />ara-nitrobenzylidene di(ethylcarbamate)

and in reaction with ethyl vinyl ether in the presence of boron trifluoride etherate

only the starting dicarbamate was recovered.

The effect of alkyl group in carbamate portion of arylmethylene dicarbamate

was tested by substituting the bulky isobutyl group for an ethyl group and as last entry

in Table I shows, the corresponding tricarbamate 3 (X = o-Cl, R = (CHa^CHCHa)

was isolated in 25% yield, which means that the reaction is not affected by the

alykyl substituents.

In connection with our interest concerning the influence of amount of the

catalyst we carried out the reaction of the previously mentioned benzylidene di(eth-

ylcarbamate) (7, X = H, R = C2H5) with ethyl vinyl ether (molar ratio 1:1)

in benzene at the temperature below 40°, employing a larger amount of boron

trifluoride etherate (0.05 mol of BFsOEtg with 0.1 mol of the dicarbamate). A

Nitrobenzylidene dicarbamates do not afford the corresponding tricarbamates.
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white solid product having molecular formula C22H24O4N2 was obtained. The

structure completely corroborated by spectroscopic data and chemical transforma

tions was formulated as N-(l-indenyl)benzylidene di(ethylcarbamate) (9).

 

Thus, the !H n. m. r. spectrum of product 9 contained two somewhat overlap

ping triplets and two quartets centered at $ 1 .2 and 4.05 respectively which were

assigned to two ethoxy groups indicating the presence of two carbethoxyamino

residues. The i. r. spectrum with the intense NH absorption at 3315 cm 1

and carbonyl absorption at 1695 cm1 supported this observation. The NH proton

of thi carbamate group coupled with benzylic proton gave rise to a characteristic

AB quartet10 centered at 8 6. The broad peak at 8 7.5 was attributed to phenyl

and phenylene groups with the proper integration for 9 protons. Secondly, the

further support for the existence of these two groups was obtained by oxidation

of 9 by potassium permanganate to phthalic and benzoic acids. The presence of

the double bond in five membered ring has been proved by palladium-catalysed

hydrogenation (one mole of hydrogen consumed per mole of substance). In accord

with expectations in the reaction with bromine the dibromo adduct 10 was isola

ted. As outlined below (Scheme II), the reaction of compound 9 with sodium hydrox

ide gave rise to the isomerized compound //, isolated in 62% yield as a sole prod

uct. Finally, presence of the indenyl ring was proved by the reaction of compound

// with 2,4-dinitrophenylhydrazine in the presence of hydrochloric acid. Two

different 2,4-dinitrophenylhydrazones isolated by preparative thick layer chroma

tography were identified to be 2,4-dinitrophenylhydrazones of benzaldehyde (/2)

and indan-l-one11 (13) by direct comparisons with the authentic samples. The

characterization of two compounds 12 and 13 indicated the trapping of benzal

dehyde and indan-l-one, formed initially through hydrolysis reaction.

 

13 12

Scheme II
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The chemically interesting feature of the compound 9 is that it can be simply

recognized as the indenyl substituted starting dicarbamate. The mechanism for

the formation of 9 is compatible with our earlier proposal of carbenium ion 8 (Scheme

I) as an intermediate in the reactions of arylmethylene dicarbamates with ethyl

vinyl ether in the presence of a small amount of the catalyst. The subsequent step

implies that the cyclization of 8, followed by elimination of ethanol, to the inter

mediate 14 (Scheme III) becomes more feasible with increasing amounts of the

catalyst.

 

14 5 9

Scheme III

Several studies have been reported8-12'13 on this type of acid catalysed cyclization-

-elimination reactions using boron trifluoride and other Lewis catalysts. The

termination step affording the final compound 9 is the combination of 14 with

carbenium ion 5, that originates from the starting dicarbamate.

EXPERIMENTAL*

Melting points are uncorrected. I.r. spectra were recorded (KBr pellet) on a Perkin-Elmer

Model 337 spectrophotometer and bands are given in cm-1. 'H n.m.r. spectra were recorded

on a Varian A-60A spectrometer using tetramethyl silane as internal standard (chemical shifts

are reported in ppm units; symbols s, d, t, q and m denote singlet, doublet, triplet, quartet and

multiplet respectively). Mass spectra were recorded on a Varian-Atlas CH-4 spectrometer. Thin

layer chromatography (TLC) was performed on silica gel G, type 60. Preparative layer chroma

tography (PLC) was performed on 1 mm x 20 cm x 20 cm precoated silica gel plates.

Preparation of arymethylene dicarbamates (/)

Arylmethylene dicarbamates were prepared, as previously described7", from benzaldehyde,

o-, m- and p-chloro, nitro and methoxy benzaldehydes and alkyl carbamate in the presence of

hydrochloric acid. The yields and characteristics of arylmethylene dicarbamates obtained from

benzaldehyde, and o-, m- and p-chlorobenzaldehyde with isobutyl carbamate which have not

been reported previously are given in Table II.

* We wish to thank Dr. R. Tasovac (Microanalytical Laboratory, Faculty of Science,

Belgrade) for carrying out elemental microanalyses.
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TABLE II. Arylmethylene dicarbamates (/)

ArCHiNHC02R)2 Elemental analysis

Ar R Yield % M. p. C N% calculated N%

C«H5 (CH3)2CHCHa 37 137-9 8.69 8.97

o-CICoHj >J 70 125-6 7.85 7.59

;«-ClCeH j 93 72 137-8 7.85 7.88

/.-CICbHj ' 1 94 148-9 7.85 7.63

General procedure for the preparation of tricarbamates (3) from arylmethylene dicarba

mates (/) and ethyl vinyl ether .

(All reactions were carried out in a 250 cm3 three-necked flask equipped with a thermo

meter, magnetic stirrer, dropping funnel and a reflux condenser protected with a CaCl2 drying

tube.) To the stirred solution of 0.02 mol of arylmethylene dicarbamate (/) in 40 cm3 of ethyl

acetate or benzene, 0.165 g (1 .1 6 mmol) of boron trifluoride ctherate was added at 30- 35 . While

stirring gently, a solution of 1.5 g (0.02 mol) of ethyl vinyl ether in 6 cm3 of the solvent was added

dropwise over the period of 30 min. Upon the complete addition the temperature was main

tained at 35° for additional 30 min. After cooling to ambient temperature and neutralization

of the catalyst by adding 2 g of sodium bicarbonate, the reaction mixture was filtered and the

solvent removed in vacuo. The resulting oily residue was treated with dry ether, whereupon

after repeated evaporation and subsequent addition of fresh amount of solvent the crude product

crystallized. (Recrystallization of the crude product was carried out from ethanol or acetone-pe

troleum ether mixture.) The melting points, TLC Ri values, elemental analysis and in i.r. spectra

were in agreement with the ones of the authentic samples obtained earlier"1. Yields and charac

teristics of the obtained tricarbamates are given in Table I.

N-(1-Indenyl)benzylidene di(ethylcarbamate) (9)

To the well stirred suspension of 27 g (0. 1 mol) of bezylidene di(ethylcarbamate) in 30 cm3

of benzene, 7.1 g (0.05 mol; 16% by weight with respect to the dicarbamate) of boron trifluoride

etherate was added at 40°. Then the solution of 7.4 g (0.01 mol) of ethyl vinyl ether in 20 cm3

of benzene was added dropwise over about 1 h to the dark red mixture. In the course of the addi

tion the suspended material dissolved completely and the resulting solution was gently stirred

for another 3.5 h at 35°. After cooling to room temperature the catalyst was neutralized with

15 g of powdered anhydrous sodium carbonate. When the evolution of carbon dioxide had ceased,

additional 3 g of sodium carbonate were added to the reaction mixture that was stirred for one

more hour and filtered. Removal of the solvent in vacuo and trituration of the oily residue with

ether yielded 2.5 g (13%) of a colourless crvstalline solid which had m. p. 177°. Recrvstallized

from ethanol, it melted at 186-7°; Ir (KBr) 3315, 3065, 3030, 1695, 1645, 1310, 1260, 1055,

880, 750, 695 cm-1; W nmr (CDCls) 8 1.2 (2 t, 6H, 2-NC02CH2CH3), 4.05 (2 q, 4H. 2>NC02-

-C//2CH3), 5.0 (AB q,J = 9Hz, 2H, -N-C//-CH- ), 6.0 (AB q, 2H, CeHtCH-NH), 6.7 (broad

s, 1H, -C6H4CW=), 7.15 (broad s, 9H, CeHs- and CeH.)<); Mass spectrometry- indicated a

molecular ion at mje 380; molecular mass determined by the Rast method was 385 (+ 2%); Anal.

Calcd.for C22H24N204: C, 69.47; H, 6.36; N, 7.36. Found: C, 69.51; H, 6.52; N, 7.63.

Oxidation of N-(1-Indenyl)benzylidene di(ethylcarbamate) (9)

Oxidation of 9 with potassium permanganate according to known procedure9 afforded

a mixture of benzoic and phthalic acid which were separated by fractional crystallization from

ether. The melting points, ir spectra and TLC Ri values corresponded with those of the au

thentic samples.

N-l-(2,3-Dibromoindanyl) benzylidene di(ethylcarbamate) (10)

A 250 cm3 three-necked flask equipped with a magnetic stirrer, a dropping funnel and

thermometer was charged with 1 g (2.5 mmol) of N-(l-indenyl) benzylidene di(ethylcarbamatel

(9) dissolved in 25 cm3 of chloroform. The flask was cooled to 10 and 0.48 g (3 mmol) of

bromine in 6 cm3 of chloroform was run in dropwise with constant stirring, at the temperature

not exceeding 0°. Upon the complete addition, the solution was stirred for an additional hour
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and the solvent partially removed in vacuo yielding 0.35 g (25%) of the crude product. Recrys-

tallizedfrom ethanol it melted at 185 ; Anal. Calcd. for C22H24N204Br2: C, 48.91 ; H, 4.48;

N, 5.18. Found: C, 49.31; H, 4.56; N, 5.56.

Isomerization of N-(l-indenyl) benzylidene di(ethylcarbamate) (9) to N-(3-indenyl) beni-

zylidene di(ethylcarbamate) (//)

A solution of 0.8 g (2.3 mmol) of N-(l-indenyl) benzylidene di(ethylcarbamate) (9) in

a mixture of 40 cm3 of ethanol and 40 cm3 0.1 M aqueous sodium hydroxide was refluxed for

2 h with stirring. After cooling to room temperature and neutralization with 0. 1M hydrochloric

acid, 0.5 g (62%) of a white precipitate was obtained. Recrystallization from aqueous ethanol

afforided crystalline product having m. p. 105-6C; *H Nmr (CCU) 8 1.2 (2 t, 6H, 2-NC02-

-CHjC//3),4.0(2q,4H,2-NCO2C//2CH3), 3.0(broads, 2H, -C//2C-C<), 6.0 (m, 3H, C6H5-

CH-NH, -C//=C<), 7.15 (broad s, 9H, Ce-tfs-, CeH.i<); Anal. Calcd. for C22H24N2C>4:

C, 69.47; H, 6.36; N, 7.36. Found: C, 69.76; H, 6.51; N, 7.14. Reaction of the isomerized

compound // with 2,4-dinitrophenylhydrazine in the presence of hydrochloric acid afforded

a mixture of two 2,4-dinitrophenylhydrazones. They were separated by preparative thick layer

chromatography on silica gel G (elution with nitrobenzene-carbon tetrachloride mixture 1:4

v/v) and identified by direct comparisons with authentic samples as 2,4-dinitrophenylhydrazone

of indan-l-one, m. p. 255 — 6" (lit.14 257 — 8"); Rt 0.57 and 2,4-dinitrophenylhydrazone of ben-

zaldehyde, m. p. 237-8° (lit.15 239 ); R, 0.53.

H3BOJI

PEAKLtflJE HEKHX APHJIMETHJIEH flHKAPEAMATA CA

ETHJI-BHHHJI-ETPOM

KCEHHJA CHPOTAHOBHTi-MAJIETHTi, MHJIKA BAJJIOH-nACTOP h PAOT MAPKOBITR

XeMujcKU UHcmuiuyiu FIpupodHO-MaiueMauiuwo! (fiaKyAtueiua y'Hueep3uuieuia y Eeoipady

ripoyMaBaHe cy peaKijHje apiuiMeTHJieH OTKap6aMaTa (1) ca emn-BiiHH.n-eTpoM. Tpw-

Kap6a.viaTH (.?) cy aoohbchh y npHcycrey 1 -2% 5opTpH(pJiyopHfl eTepaTa. rpahe&e TpiiKap-

6a>iaTa 3aBHCii oa cyncrnTyeHTa y apn/i rpynw nojia3Hor AHKap6aiwaTa, kojh MOH<e 6hjio CTa6miH-

30BaTii hjih aecTa6HjiH30BaTH cyce^HH KaTjoHCKH neHTap npeflJioHteHor HHTepiwe/tHjepa 5 (cxe.Ma

I). TaKo, XJiopo h MeTOKCH-6eH3HJiHfleH-flHKap6aMaTH aajy oflroBapajyhe TpHKap6aiwaTe, floi<

HHTpo-cyncTHTyHcaHH aHa^03H He pearyjy. BejiHKO noBehaibe ko^hvhhc Lewis-oBe KHcejiime

jioaare peaKUHOHoj aviecH 6eH3HJiH;teH-flii(eTHJiKap6aMaTa) h eTHn-BHHHJi-eTpa bo/th rpaheay

UHKJiH3ainioHor npoH3BOAa 9, KojH je HfleHTHcbHKOBaH Ha ocHOBy cneKTpoci<oncKHX noaaTaKa

h xeMHjciarx TpaHcqjopiviauHja.

(ripiiMJbeHO 6. anpujia 1983)
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Isomeric o-, m- and p- chloroanalidcs of benzoic and 2-furoic acids were

photocyclized to corresponding chloro-substituted phenantridones or furoquinolones

respectively. The cyclization is supposed to proceed by usual photodehydrocycli-

zation mechanism except for o-chlorobenzanilide (/), when unsubstituted phenan-

tridone 7 was obtained via dehydrochlorination. p-Chlorobenzanilide (j) has

proved to be photostable.

Since the first report3 oxidative photochemical cyclization of benzanilides

was studied by several authors4 and was found to be quite general and potentially

valuable in building polycyclic nitrogen heteroaromatics from easily accessible

precursors5. As an extension, heterocyclic amide derivatives like indole-2-car-

boxanilide6, thiophene- and furan-2-carboxanilide7, benzofurancarboxanilide5 and

benzothiophenecarboxanilide8 were studied too and was directed toward the

application of this photocyclization for syntheses of polycylic systems containing

multiple heteroatoms.

This type of photochemical reactions is closely related to the well kr.own

photochemical dehydrocyclization of a'i-stilbene9a b and other diaryl- or hetero-

aryl- ethylenes9-11, Schiff bases12 and similar compounds. It has been revealed

that the reaction suffers from a serious structure-reactivity dependence13. Never

theless in some instances phenantridone derivatives from anilides alternatively

can be obtained by intramolecular photoarylation of suitable o-haloger.o-anilides14.

Our interest in the furan compoundslb. 15 and their photochemistry16 has

prompted us to study some aspects of the photochemistry of furanilide and its

derivatives2. The present communication describes oxidative photocyclization of

isomeric (o-, m- and />) chloroanilides derived from 2-furoic acid in comparison

with benzoic acid analogues (Scheme 1).

* Present address: „Labud" Chemical Works, Zagreb.
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* X=2-CI ; X=6-Cl

* X='-C| 11 x=»-ci

Scheme 1

Except for N-benzoyl-4-chloroaniline (3) which resisted cyclization* all

studied chloroanilides (Table I) irradiated with unfiltered UV light of a high

pressure mercury arc lamp in aerated benzene-ethanol solution, yielded the corre

sponding phenantridone (7, 8) or furoquinolone (9 — 11).

Unlike a recent report13 when in anaerobic conditions photocyclization of

N-benzoyl-2-chloroaniline (7) was not detected* either at X = 254 nm or at

300 nm, our experiment in a presence of air yielded 6% of unsubstituted phenan

tridone 7. On the other hand in our conditions it was not possible to detect the

formation of N-benzoyl-2-biphenylamine suggested13 as a result of radical reac

tion in benzene solvent, available after the fissioning carbon-chlorine bond under

weak assistance from the carbonyl group in the trans form of 1. We believe that

dehydrochlorination of / to 7 in our conditions, similarly as in the reported case**,

became possible by radical complexation assistance to carbon-halogen bond photo-

homolysis in the ci's-form of 1 (Scheme 2).

 

Scheme 2

With N-furoyl-2-chloroaniline (4) the single isolable product was 6-chloro-

-furo [2,3-c] quinolin-4-(5H)-on (9) indicating the absence of such an assistance

and usual, though low in yield (1 %), dehydrocyclization. The reaction of this

and studied m- and p-chloro-substituted anilides is supposed to proceed from

ci's-diaryl (or heteroaryl) configuration generated by preceding trans-cis isomeri-

* Relative photostability was reported earlier13.

** Isomeric N-(2-chlorobenzoyl)aniline is reported13 to cyclize in high yield to unsub

stituted phenantridone by the internal photoarylation mechanism.
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zation at rotationally restricted C—N bond of thermodynamically more stable

franj-diaryl chloroanilide. A photocyclization would take place in the excited

state of the anilide (B), to form a cyclized intermediate (C) from which the chloro-

substituted dehydrolactam (D) was formed upon dehydrogenolysis in the presence

of air as the oxidizing agent (Scheme 3).

(A)

A X=>CI

5. X=XI

§. X=*-CI

(09

a x=2-ci

IS X=3-CI

U x=<-ct

Scheme 3

An interesting feature of p-chloro-derivatives was found in photodehydro-

cyclization of N-furoyl-4-chloroaniline (6) yielding 20% of 8-chloro-furo [2,3-c]-

quinolin-4-(5H)-one (77), though the corresponding N-benzoyl-derivative has prov

ed to be photostable. Such a difference in photochemical behaviour was not

registered with m-chloro-derivatives. Both 2 and 5 were cyclized to corresponding

phenantridone 8 and furoquinolone 70 respectively.

The low yield of isolated photodehydrocyclized products can be explained

by a low trans-cis photoisomerization efficiency (benzene/ethanol solvent)* and

by side reactions which the furan nucleus is responsible for.

EXPERIMENTAL

Melting points are uncorrected and were taken on a Kofler heating microscope. The

IR spectra were recorded on a Perkin-Elmer Infracord model 137 spectrophotometer in KBr

discs. The UV spectra were taken on a Hitachi Perkin-Elmer 124 spectrophotometer using etha-

nolic solution. The lH NMR spectra were recorded ion a Varian EM 360 or Joel J.M.M.-FX

100FT spectrometer with tetramethylsilane as the internal reference. Mass spectra were obtained

with a Varian MAT-CH7 spectrometer operating at 70 eV by direct insertion probe. Irradiations

were performed with a water-cooled quartz immersion well equipped with an Original Hanau

125 W high pressure mercury arc lamp.

Starting chlorobenzanilides 1 — 3 and chlorofuranilides 4 6 (Table I) were prepared

according to the procedures described in literature18-21.

* A solvation of the polar 7\ state lowers the available energy thus making the transtition

state inaccessible17.

 



TABLEI.Spectroscopicdataforbenzoyl-and2-furoyl-chloroanilines

0*

9H(Phand2-Cl-Ph) 9H,(Phand3-Cl-Ph)

(NH);7.5-8.5m,5H(Ph)

(7-9Hz)and

(7=9Hz)(4-Cl-Ph)

7H(Fury]and2-Cl-Ph) 7H(Furyland3-Cl-Ph)
(NH);6.8-7.5m,6Hand U-1-8Hz)Furyland

Sppra'*

(NH); (NH); (NH); (NH);

1H,
m,

1H
m,

1H, 2H
211

IH,
m,

1H5
m.

IH, 1H

Sj
8.2

s,

8.7

s. d, d,
Sj

8.0

»>

8.2

s, q-

10.8 7.2- 11.6 7.1- 9.6 7.9 7.4 9.8 6.7- 10.4 6.6 7.8 6.3

vco
1650 1650 1650 1670 1650 1640

3100 3100 3220 3300 3200 3200

Xm»x(l0ge) 203(4.12) 257(4.30) 204(4.12) 265(4.36) 202(4.11) 270(4.50) 204(4.26) 266(4.20) 206(4.60) 279(4.36) 200(4.42)

m.p.
(°C)

102b
121' 168"

90-1'
102-3'

148*

Cl CI

a a' a a

X 2- 3- 4- 2- 3- 4-

R

C6H5

C.Hs CeHs
C4H3O C4H3O C4H3O

No

1 2 3 4 5 6

4-Cl-Ph)

a)FromTMSasinternalstandard,b)Lit.18m.p.99;c)Lit.19m.p.118°;d)Lit.18m.p.187-7.5;e)Lit.-"m.p.90;

f)Lit.21m.p.I16C;g)Lit.2"m.p.148C.
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Irradiation of N-benzoyl-2-chloroanaline (I)

Anilide / (2.1 g, 9 mmol) dissolved in 1000 ml benzene/ethanol (10:1) was irradiated in

aerobic conditions with unfiltered UV light of a high pressure mercury arc lamp at room tempera

ture for 27 h. The solution was evaporated under reduced pressure. The dark residue was recrys-

tallized from ethanol (charcoal) yielding 0. 1 1 g (6%) of crystalline 5,6-dihydrophenantridin-6-

-one (7), m. p. 292-3°.

UV: Xmox(loge) = 231 nm (4.6), 237 nm(4.6), 250 nm (4.2), 259 nm (4.3), 323 nm (3.9), 338 nm

(3.9). IR: vc-o 1650 cm-1, 8NH 2940 cm-1. lH NMR (DMSO-d8): 8ppm = 11.4 (1H, bs) NHj

8.2-8.6 (3H, m) and 7.1 -8.1 (5H, m) for aromatic protons. MS: m\x = 196 (M 4- 1, 15%),

195 (M+, 100%), 167 (19), 139 (13), 44 (18), 18 (15). (C13H3NO requires: C, 79.98; H, 4.65%;

N, 7.17%. Found: C, 79.75%; H, 4.89%; N, 7.22%).

Irradiation of N-benzoyl-3-chloroaniline (2)

A solution of anilide 2 (3.0 g, 13 mmol) in 1000 ml benzene/ethanol (10: 1) was irradiated

with unfiltered UV light for 70 h. Air was bubbled through the solution. Solvent was evaporated

and the residue chromatographed on a silica gel column with ethyl acetate/chloroform (1:1) as

eluent. Beside the starting material (1.5 g, 50%) and some resins, a photoproduct (0.05 g, 1.7%)

melting at 275 — 80° was isolated and identified as 3-chloro-5,6-dihydrophenantridin-6-one (8).

UV: Xm»x (log e) = 236 nm (2.77), 260 nm (2.80), 276 nm (2.85), 325 nm (2.96), 339 nm (3.35).

IR: vc = o = 1650 cm-1, Snh - 2780 cm-1. W NMR: Sppm = 10.5 (1H, s) NH; 7.0-8.2

(7H, m) for aromatic protons. MS: m\z = 231 (M+, 36%) and 229 (M+, 100%), 166 (16), 139

(10), 18 (8). (Ci,H8ClNO requires: C, 67.99; H, 3.51%. Found: C, 67.75; H, 3.78%).

• Irradiation of N-benzoyl-4-chloroaniline (3)

a) A solution of 3 (2.1 g, 9 mmol) in 1000 ml benzene/ethanol (10: 1) was irradiated with

unfiltered UV light for 50 h under aeration. The progress of the reaction was montiored by UV

spectroscopy. There was no change in absorption maxima, indicating photostability. Solvent

was evaporated and residue recrystallized from ethanol yielding 80% of the pure starting anilide.

b) Same as above but in the presence of iodine (150 mg). Beside some resins, 1.6 g (76%)

of the starting material was regenerated, and there was no indication of any individual photoproduct.

Irradiation of N-(2-furoyl)-2-chloroaniline (4)

A so ution of anilide 4 (2.0 g, 9 mmol) in 1200 ml benzene/ethanol (10:2) was irradiated

in aerobic conditions with unfiltered UV light for 30 h. The progess, of the reaction was moni

tored by UV. The solution was evaporated under reduced pressure and the residue chromato

graphed on a silica gel column. Starting fractions consisted mainly of anilide 4 (0.15 g), followed

by those containing a cyclized product isolated as crystalline compound (22 mg, 1%) m. p. 250°

from ethanol) identified as 6-chloro-furo[2,3 — c]quinolin-4-(5H)one (9).

UV: Xmax (log c) - 212 nm (4.58), 255 nm (3.82), 271 nm (3.68), 282 nm (3.64), 322 nm (3.64),

323 nm (3.54). IR: vc= o 1650 cm-1, Sxh 3120 cm"1. W NMR: Sppm-11.5 (1H, bs) NH:;

7.15-8.35 (5H, m). MS: m\z = 221 (M + ,34%) and 219 (MS 100%), 163 (17), 164 (5), 128

(15), 100 (10), 75 (15). (CnHeClNOs requires: C, 60.16; H, 2.75%. Found; C, 59.98; H,

2.54%).

Irradiation of N-l 2-furoyl)-3-chloroanilitie (5)

A solution of anilide 5 (5.7 g, 22 mmol) in 1000 ml benzene/ethanol (10: 1) was irradiated

with unfiltered UV light under aeration for 46 h. After evaporation, the oily residue was chroma

tographed on a silica gel column with ethyl acetate/chloroform (2:1) as eluent. Fractions con

taining mainly the starting anilide were separated and those with the photoproduct combined

and recrystallized from ethanol yielding an unidentified compound (m. p. 140—142°, Mf:m/z

295) and 25 mg (0.5%) of dehydrocvclized product melting at 263 identified as 7-chloro-furo

[2,3-c]-quinoline-4-(5H)-one (10). UV: Xm„ (log e) = 223 nm (4.48), 257 nm (3.83), 263 nm

(3.77), 285 nm (3.47), 312 nm (3.29), 326 nm (3.29). MS: m\z = 221 (Ms 38%) and 219(M ,

100%), 163 (16), 164(28), 128 (24), 103 (26), 75 (53). (CHeClNOa requires: C, 60.16; H, 2.75%.

Found: C, 60.26; H, 2.75%).

Irradiation of N-(2-furoyl)-4-chloroaniline (6)

A solution of anilide 6 (2.0 g, 9 mmol) in 2000 ml benzene/ethanol (10: 1) was irradiated

with unfiltered light of a high pressure mercury arc lamp. The progress of reaction was monitored

by UV. The irradiation under aeration of the solution was continued for 24 h and solvent evap
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The conformational behaviour of polyacrylamide during its adsorption

from solution has been studied measuring the adsorbance and the average thick

ness of the adsorbed molecules on evaporated Ag and electropolished Ti

surfaces in situ by means of ellipsometry. The dependence of the changes in the

conformational behaviour of the adsorbed molecules on the solution concentration

and time of adsorption are being discussed. The physical and optical characteristics

of the adsorbed layer such as refractive index, density and specific refraction for

different concentrations of polyacrylamide solutions are determined through ex

perimentally measured ellipsometrical parameters A and M" using Lorentz-Lorenz

equations. The values of the adsorbance and the average thickness indicate a specific

nature of the polymer adsorption.

A number of works on the adsorption of macromolecules on metals have

been aimed toward a determination of the conformation of the adsorbed molecules

at the surface - solution interface13. The proper number of conformations of a

polymer chain can be determined only by statistical-mechanical treatment of a

polymer molecule adsorbed on a solid surface from solution. However, each cal

culation must begin by estimating the number of conformations of a chain with

a given mode of contact with the surface. The different statistical-mechai ical

treatments given by some authors- show that a unique formula for counting the

number of conformations still does not exist. With the acceptance of different

assumptions and application of partition functions it is possible only to estimate

the number of conformations during the adsorption of polymer molecules.

In this work the adsorption of polyacrylamide (PAA) from aqueous solu

tions on evaporated Ag and electropolished Ti surfaces was studied. The average

thickness, the adsorbance of the polymer molecules and some optical and physical

characteristics of the adsorbed layer are calculated by statistical treatments of the

measured ellipsometrical parameters A und 4*. The conformational behaviour

of the polymer molecules which appear during the adsorption are explained by

experimentally obtained average thickneses and adsorption isotherms.

417
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EXPERIMENTAL

Preparations of metallic surfaces. For optical examinations of the adsorption process of a polymer

on a metal surface special preparations of the surface are required. The most convenient tech

niques for metal surface pretreatment for optical examinations are metal film formation by evap

oration in high vacuum and electrochemical polishing. In this work the adsorption of PAA

is studied using two different metals prepared as evaporated silver and electropolished titanium.

The samples of Ag are prepared by evaporating in high vacuum of an electrolytically

clean wire of Ag on microscope glass slides using an apparatus for evaporating thin layers Balserz

automatic PA-510. When the vacuum in the apparatus is 2.6 x 10-3 Pa, the evaporation is per

formed at the rate of 10 nm/s and a homogeneous nontransparent film of about 2000 nm thick

ness on the microscope glass slides resulted.

Samples of Ti were mechanically polished (on emery paper) and then electropolished

according to the procedure described in detail in ref. 4.

Solutions. The solutions of PAA with concentrations of 0.1, 0.5, 1.0, 2.0,3.0 and 4.0% are pre

pared in redistilled water. The used PAA was prepared by redox initiated (NajSaOj — ferric salt

of iminodiacetic acid) radical polymerization (at 30 C under atmosphere of N2) with Mn a 1 80O05.

Ellipsometric measurements. All ellipsometrical measurements are performed in situ in a special

optical cell made of quartz glass polished on both sides. Before each measurement first of all

the value of A and 4' for the clean metal surface, which is in the optical cell without solution,

must be determined. After that the PAA solution with a given concentration is added into the cell

and the adsorption process followed through the changes of the ellipsometrical parameters A

and 4\ In the beginning when the changes of A and 4' are the fastest the ellipsometrical measure

ments are possible only in one of the four principal zones. After the adsorption equilibrium is

established the measurements are performed in the four principal zones6. The adsorpction equi

librium is established after 10 min. To make sure that the adsorption equilibrium is established,

all further measurements of A and 4* for different concentrations of PAA are done after 30 min

in the four principal zones for fixed position of the compensator of ±45 . In the further treat

ment we take the average value of A and 4" from the four principal zones. All ellipsometrical

measurements are performed at the wavelength of 546.1 nm and the angle of incidence of 70'

by a Thin Film Ellipsometer type 43603 — 200, Rudolph Research.

RESULTS AND DISCUSSION

During the polymer adsorption, it is generally accepted, that a molecule

is attached to a number of locations along a chain, the attached portions being

separated by loops of unattached segments. The number and arrangement of the

attached portions and the size and distribution of the unattached loops will define

the conformation of the molecule. The measurements of the extension of the

loops away from the surface with time are useful to deteimine some conformational

effects of the adsorbed molecule. These effects can be followed through the

changes of SA and 8*F of the ellipsometrical parameters A and T which are meas

ured on a clean metal surface and on a metal surface with an adsorbed layer.

As the changes of SA with time are much more distinct than the changes of ST

for the observation of adsorption process, SA will be much more competent than SM*.

Fig. 1 shows the adsorption isotherms on the evaporated Ag and electro-

polished Ti surfaces for the lowest and highest concentrations of solution of PAA,

i.e. 0.1 and 4%. The adsorption isotherms for the other concentrations 0.5,

1.0, 2.0 and 3.0% are similar and they are located between the adsorption

isotherms of the two extreme concentrations. As it can be seen from Fig. 1

the adsorption films on Ti are much thicker than those on Ag. This indicates

a higher adsorption affinity of PAA on electropolished Ti than on the evapo

rated Ag surface. The thickness of the adsorbed film increases with time

until the final equilibrium plateau is reached. The plateau region is reached
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for a shorter period for lower concentrations of PAA. But, for all concentrations

the plateau regions are reached for a relatively short period, i. e. for about 10

min. This shows that probably physical adsorption is in question and the

concentrations between PAA and metal Ag and Ti surfaces are in fact the van

der Waals forces. From the course of the adsorption isotherms we can assume

that, during the polymer adsorption, the long polymer molecule sticks on the

solid adsorption surface by its segments and among these segments loops remain

which are in liquid phase. The thickness of the adsorbed layer depends on the

arrival of molecules from the solution and the attachment to the surface. The

rate of this process will depend upon the solution concentration and the amount

of free surface available. The newly arrived polymer molecules approaching the

surface undergo conformation changes and transform the earlier attached segments

into free unattached loops which leads to an extension of polymer loops. Each

attached segment can be considered to desorb and readsorb continuously at a

given site. The conformations of the molecules constantly change until adsorp

tion equilibrium is reached. When the adsorption equilibrium is reached, the

conformation equilibrium is reached too, so the thickness of the adsorbed layer

does not grow further.

The adsorbed polymer film on the metal surface, consisting of a mixture

of polymer and solvent would be expected to be an inhomogeneous film. The

polymer concentration and refractive index decrease with the distance from the

metal surface. The optical constants of the surface, the thickness and the refrac

tive index of the adsorbed polymer film can be calculated by Drude's equations7.

With these equations the homogeneous film model to the inhomogeneous adsorb

ed polymer film can be related also. In this case application of Drude's equa

tions is possible only when using some average thickness for the inhomogeneous

film which will be equivalent to the thickness of the adsorbed polymer film if

it were homogeneous. The effect of this film on the change in values of A

and *F will depend on the thickness, as well as on the difference between the re

fractive index of the film and the index of solution. This problem was studied

 

Fig. 1. Dependence of 8A on the time of ad

sorption on : o — evaporated Ag surface, x —

electropolished Ti surface. 7—0.1 % PAA;

2 - 4% PAA
t,(min]
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by McCrackin and Colson8 who substituted for the inhomogeneous film many

much thinner homogeneous films whose refractive index through the total thick

ness of the inhomogeneous film has been investigated.

J t«2 - wi + - kt) ] dd [/«! - »2 + i (kj - k2) dd]2

dt = ° -=I (1)

tit — n I i(k — kt) J [n-i — m -f — £2) ] 2dd

0

The calculation of «r, £r and </f through the experimentally measured ellip-

sometrical parameters A and M" is possible only statistically i. e. by statistical op

timization of the variables given in the equ. (1). For that purpose a modified pro

gram for ellipsometrical measurements by McCrackin9 adopted to Full Fortran

IBM is used. Before starting to calculate the physical characteristics of the

adsorbed film we should first known some physical characteristics of the medium

and these characteristics will be input information for McCrackin's program. In

Table I are given: the refractive index, the density and the specific refraction

of the medium for different concentrations of PAA solutions. For every concen

tration of the PAA solution the value of «i is determined by an Abbe refractometer

while the value of pi by a pycnometer. The specificre fraction is calculated accord

ing to the Lorentz-Lorenz equations:

Ri = Si/pi where Si = («f - l)/(«f 4 2)- (2)

TABLE I. Physical characteristics of PAA solutions as a function of the solution concentration

Concentration of

PAA solution ("„) «i pi (g/cm3) Ri (cnvVg)

0.1 1.3332 1.000 0.2058

0.5 1.3340 1.001 0.2065

1.0 1.3351 1.002 0.2064

2.0 1.3372 1.003 0.2074

3.0 1.3393 1.004 0.2083

4.0 1.3451 1.005 0.2093

However, for determination ofthe adsoi bance of the PAA film, besides some physical

characteristics of the medium, a previous knowledge is also necessary of some

additional parameters of the dissolved solid polymer, like the density and the

refractive irdex.

Ipnut informations for McCrackin's program are the known values of m, k\, the

interval of freedom for ;?» and k-z, A and T for the bare metallic substratum

or the calculated values of «s and ks, A and T for metallic substratum with

the adsorbed polymer film, X, 9, pi, pp ard nv.

— For each concentration of the PAA solution the corresponding values of

rti are taken from Table I, while for all concentrations ki = 0. For dilute and

transparent solutions like our solutions of PAA, &i of the medium is always

zero.

- The exact values of «r and kt should be determined from the interval

of freedom of values of nz and kz. It is known that for adsorbed polymer
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film k2 can be taken as zero, i. e. kt = 0 without making a big error10.

Theoretically nt should have a value similar to that of m. As m has values from

1.3332 to 1.3415 depending on the concentration of PAA we have decided

to give «2 an interval of freedom from 1.3 to 1.5.

— «3 and k3 can be determined by ellipsometrical measurements of A

and Y on clean metal surface. For each specimen A and Y is measured

and after that n3 and £3 calculated directly. In our measurements for evaporated

Ag surfaces n3 has the values from 0.1189 to 0.1510 and k3 from 3.5681 to 3.5991

while for the electropolished Ti surface n3 is from 2.2238 to 2.2648 and £3

from 3.1239 to 3.1887. The values of «3 and k3 for Ag and Ti obtained

through experiments are similar or exactly the same as those given in the lite

rature11-14. Although certain small differences in the values of «3 and k3 from

sample to sample exist, these differences do not influence in the final values of

nt and kt because first of all A and T are measured for every clean sample, then

we calculate n3 and k3 and after that A and V of the same sample are measured

again but this time with adsorbed polymer film. The differences SA and ST

between a bare sample and a sample with an adsorbed polymer film will be used

to determine the values of nt and df.

— The values of A and T for bare metal substratum and for metallic sub

strata covered with adsorbed polymer films are determined by ellipsometrical

measurements for X = 546.1 nm and 9 = 70°.

— For every concentration of the PAA solution the corresponding value

of pi is taken from Table I.

— According to the literature for pure PAA in the .solid phase pp = 1.122

g/cm3; «p = 1.53 and kp = 015.

Output informations which this program gives after the calculating are the physical

characteristics of the film: dt, nt and A. Besides that the value of „error"

is obtained too. The error is in fact the difference between the values of dt, nt

and A obtained by calculating and their real values which should be obtained for

the given input informations for the program. If the value of this „error" is smaller,

the calculated values of dt, nt and A are closer to the real values.

In Fig. 2 the calculated values of dt depending on the concentration of PAA

solutions are given. As is can be seen, the thickness of the adsorbed film incre

ases parabolically with the concentration of the PAA solution. For polymer films

dt is always bigger than the real thickness because of their loose structures. The

thickness of the adsorbed film on the Ti surface in case of lower concentrations

of PAA is nearly twice bigger than the thickness of the adsorbed film on the

Ag surface. This shows that although the character of the adsorption is mostly

of physical nature there is a possibility of appearance of slightly expressed physi

cal-chemical adsorption. The chemisorption of the first adsorbed layer on Ag

is more distinct so the new coming molecules have a smaller influence on the

desorption of the adsorbed segements of the macromolecule. Probably that is

why the thickness of the adsorbed film on Ag is smaller.

The physical characteristics of the adsorbed film: «r, pt and Rt for differ

ent concentrations of PAA solutions, are given in Tables II and III. From the

output information we can read m which is calculated by the iterative way and

can take values only within the limits of the given interval of freedom of m i. e.

from 1.3 to 1.5. From the known values of nt and dt by the Lorentz-Lorenz

equations Rt, pt and A can be calculated.
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TABLE II. Physical characteristics of the adsorbed PAA film on evaporated Ag surface

Concentration of

PAA solution (%) nt pr(g/cm3) Rt (cm3/g)

0.1 1.3353 1.0017 0.2066

0.5 1.3367 1.0033 0.2070

1.0 1.3382 1.0040 0.2080

2.0 1.3409 1.0055 0.2089

3.0 1.3430 1.0065 0.2099

4.0 1.3443 1.0075 0.2104

TABLE III. Physical characteristics of the adsorbed PAA film on electropolished Ti surface

Concentration of

PAA solution (%) m p( (g/cm3) Rt (cm3,g)

0.1 1.3392 1.0039 0.2083

0.5 1.3399 1.0049 0.2085

1.0 1.3410 1.0059 0.2089

2.0 1.3415 1.0069 0.2092

3.0 1.3436 1.0078 0.2099

4.0 1.3472 1.0088 0.2117

 

Fig. 2. Extension of the average thickness

of an inhomogeneous film equivalent to

the homogeneous film of the adsorbed

PAA as a function of the solution con

centration: / — on evaporated Ag and

2 — on electropolished Ti surface

 

Fig. 3. The adsorbance of PAA as a

function of the solution concentration:

/ — on evaporated Ag and 2 — on

electropolished Ti surface.

Rt = Stlpt where St = (n2f-l)/(«2f + 2). (3)

In order to determine the density and the adsorption of the film first of all the

specific refraction of the polymer in solid phase must be calculated. Rp is cal

culated in a similar way as Rt by the equations:

•Rp = Sp/Pp where Sp = («2P-l)/(n2P + 2). (4)
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The specific refraction of the film is additive in the specific refraction of the

medium and the polymer. Thus

J?f=/flp + (l -f)Ri (5)

or

~=/^+(l -/)-■■ (6)

pr pp pi

In eqn. (6) the unknown values are: the weight fraction / of the polymer in the

film and the density of the film pf. To determine pr we have the volume of a

unit weight of the film as — + ^—— assuming additivity of the partial vol-

Pp Pi

umes of the components of the film. Therefore, the density of the film is:

LPp Pi J

Substituting equ. (7) in equ. (6) and solving for / we get

/ = 0?i^Opp _.. (8)

(Sf— Sp) pi + (Si — Sf) pp

The adsorbance is the amount of polymer per unit area of the film, given by

the equation

A = ptdtf. (9)

Fig. 3 shows the adsorbance on evaporated Ag and electropolished Ti sur

face depending on the concentration of PAA solution. Similar to the behaviour

of the thickness, the adsorbance increases with time until a final equilibrium

value is attained. As it can be seen on Fig. 3 the adsorbance on Ti is much

greater than on Ag. Different from Fig. 2 where the thickness of the adsorbed

film on Ti is almost twice bigger than the thickness on Ag, the adsorbance on

Ti is almost three times greater than the adsorbance on Ag. This is certainly

due to the greater density of the adosbed film on Ti for the same concentration

of the solution of PAA as a result of the different energies of adsorption and

interactions among the molecules in the adsorbed film.

Finally, from the experimentally obtained results, a conclusion is made

that the great differences in the thickness of the adsorbed film and the adsorbance

on Ag and Ti surfaces indicate that PAA has a specific nature of polymer ad

sorption.

NOMENCLATURE

PAA — polyacrylamide

A and T — relative phase change and relative amplitude of the two mutually perpendicular com

ponents of the electric vector of the electromagnet wave after the reflection from the

examined surface
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r — time (min)

i = V-i

m, lit and nz — refractive indices of: medium, homogeneous film and metal substratum res

pectively

k\, ki and As — extinction indices of medium, homogeneous film and metal substratum res

pectively

d — thickness of homogeneous film (nm)

«i — average refractive index of the inhomogeneous film equivalent to the homogeneous film

dt — average thickness of the inhomogeneous film equivalent to the homogeneous film (nm 1

kt — average extinction index of the inhomogeneous film equivalent to the homogeneous film.

X — wavelength (nm)

9 — angle of incidence (deg)

pi - density of the medium (g/cm3)

pp — density of solid material, PAA (g/cm3)

»p — refractive index of the solid material, PAA

pt — density of the adsorbed film (g/cm3)

/ — the weight fraction of the material, PAA, in the film

Ri, Rp and Ri - specific refraction of the medium, material PAA and film respectively (cm3/g)

A - adsorbance (g/cm2)

H 3 B o a

KOHOOPMAUHOHE FIPOMEHE AflCOPEOBAHOr nOJIHAKPHJIAMH,HA HA

METAJ1HHM nOBPIIIHHAMA H <DII3HyKA CBOJCTBA A£COPEOBAHHX C.TOJEBA

JbYBOMHP APCOB, TOMA TPMEB, MAJA HBETKOBCKA h TiyPO nETPOB

TexHOjiouiKu <I>aKy.iuieui, y'nueepsuuieui „Kupu.i u Meiuoduj" , 91000 C.Koiije

KoHcpopMarrHOHe npo.MeHe nojinaKpHJiaMiw i<oje ce janjbajy itphjihkom H>eroBe aacop-

niuije H3 BoaeHHX pacTBopa, HcnHTHBaHe cy in situ noMohy ejinncoiweTpHjcKe iweToue, iwepejbH.Ma

a^copSanuHje h cpe/nte aeSjbHHe (pHJiiwa aflcopGouamix Mojietcyjia Ha eBanopHpaHoj Ag h eJieKTpo-

nojinpaHoj Ti noBpuiimH. JlHCttyTOBatie cy KOHtpop.wairHOHe npoiweHe aacopooBamix MOJieKyjia

y 3aBHCHocTH h or KOHi«HTpau,Hje pacTBopa h BpeiweHa a;jcopnuHje. IloMohy eKcnepiiMeHTajiHO

MepeHHX ejiKncoMeTpwcKHX napa.MeTapa A ii T h npii.weHe Lorentz-Lorenz-oBHx jczntamma 3a

pa3JiHMHTe KOHueHTpairnje nojiHiwepHor pacraopa onpeljeHe cy HeKe <pH3Hwe h onntHKe Ka-

paKTepucTHKe aacop6oBaHHx anojeBa Kao ujto cy: hhackc pedppanuHje, rycTjma h cneuHcpHwa

pedppaKUHja. Bpe«HocTH a,acop6aHHHje H cpe^ite «e6ibiiHe noi<a3yjy cnemtdpH'tHy npHpofly

a/jcopnunje noJiHaKpiuiaMHfla.

(IlpHMJfceHo 19. HOBeMgpa 1982; peBHaitpaHo 26. iwaja 1983)
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HCIIHTHBArLE YTHUATA CPE^IIHE HA CTBAPAILE KOMnjlEKCA

EAKPA(II) H 3-XHJIPOKCHOJIABOHA

KCEHHJA BEJIAIUEBH'R h 3C-PHUA PAJtOBHH

IlHcutuuiyui 3a tfiuiumcy xe.mijy, <t>apMaueytucKU ifiaKyAiuetu ymieep3uuieiua y Beoepady, u. up. 146,

11001 Beoepad

(ripHMjfceHo 19. HoceM6pa 1982)

CneKTpo(poTOiVieTpHjcKHM MeToflaMa HcnuTaH je KoninjieKc 6aKpa(II) h 3-xh-

apoKCH(pJiaBOHa y aneTaTHOM h xeKcaMeTiuieHTepaMHHCKOM nytpepy. Har)eHO je

Aa 6ai<ap(II) h 3-xHflpoKCH(pJiaBOH flajy cTa6HJiaH >KyTO o6ojeH KoMiuieKC HHja

je MaKCHiwyM ancopniwje npH pH = 5,92 (xeKca\ieTHJieHTeTpaMHHcKH nycpep) Ha

395 nm a irpn pH = 3,70 (aueTa-rHH ny<pep) Ha 360 nm. CTexHoiweTpHjcKH oahoc

KOMnoHeHaTa y KOMiuieKcy y o6a cjry*iaja je 1 : 1 . OaperjeHa je KOHCTaHTa (popMHpaK>a

KOMn/ieKca h ypaijeHe cy KajiH6pauHoHe KpHBe 3a 0Aper)HBaH>e Sanpa. ripeflJioKeH je

3-XHAP0KCH<j)jiaB0H Kao aHajiHTHiKH peareHc 3a cneKTpo(poTOMeTpHjcKo ojrper)HBaH,e

6aKpa(II) y KOHueHTpaH,HOHOM noflpywjy oa 0,32 — 2,80 (xg/cm3 npa pH = 5,92 h

op. 0,63 — 5,1 (xg/cm3 npH pH = 3,70. KaKo je ancopnTHBHOCT KOMiuieKca Beha npw

pH = 5,92 c.waTpa ce fla je norojumje KBaHTHTaTHBHa MepeH>a paflHTH Ha obom pH.

y obom pa#y HcmrraH je yTKiiaj cpe^HHe Ha Oflnoc KOMnoHeHaTa y KOMnjiency

6aKap(II) — 3-xHflpoKCH<})JiaBOH Kao h Ha cTaGHJiHocr KOMruieKca npw ynoTpe6H

pa3JiiiTOTHx nycpepa. Ilo3HaT je ynmaj pH pacTBopa Ha CTBapaH>e KOMnjienca

KBepi^eTHHa ca joHHMa HeKHx MeTana Haf)eHO je fla KBepueTHii ca 6aKpoM(II)

h ithhkom(II) aaje cra6HJiHHje KOMnjieKce npH bhiiihm BpeflHocntMa pH. To

ce TyjuaiH thmc uito je KBepueTHH cjiaSa KHcejiima na Behe pH yrHMe Ha noBehaH>e

joHH3auHje KBepqeraHa. Y HaiuMM HcnMTHBaibHMa floimiH cmo flo hcthx 3aKJi>y-

nsKa, c o63HpoM fla je H 3-xHflpoKCH4)JiaBOH cJia6a KHcejiHHa. CacraB KOMnjieKca

3-xHAP0KCH4)JiaB0H-6aKap(II) HcmtTajm cmo y pasjiHHHTHM cpeflHHaMa Tj. npH

pH = 3,70 (aqeia-THH rrycfrep) h npH pH = 5,92 (xeKcaMeTHJieHTeTpaMHHCKH ny-

(})ep). OapeijeHa je KOHCTaHTa cpopMHpaiia KOMimenca h HatjeHO fla je o,hhoc

KOMnoHeHaia y KOMmieKcy y o6a cjiynaja hcth ajiH cy pa3.iHiHTH MaKCHMyMH

ancopniaije h KOHcraHTa (popMHpaita.

EKCnEPHMEHTAJIHH flEO

Pecuencu: 3-XHflpoi<CH(pJiaBOH (C15H9O3) 4>Hp.Me Fluka npeKpncTajiHcaH je H3 eTaHoJia,

5aKap(II) HHTpaT, Cu(NOs)2 • 3H2O p. a. (pnpiwe KeMHKa, xeKcaMeTHJieHTeTpa.MiiH p. a. tpiipiwe

Carlo Erba, eTaHon h xnopHflHa KHcejiHHa p. a. cpHpiwe Merck, cnpheTHa KHcejiHHa p. a. <pHpMe

Ajnouioiifl h HaTpajyiwaueTaT p. a. (pupiwe Merck.

427
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Auapaiuu: CneKTpodwTOMeTap Unicam SP 600. fleoJbHHa KimeTa 1 cm. pH-MeTap Ilcnpa

Kpaa MA 5703.

CBa .wepeita cy BpmeHa Ha cooHoj TevinepaTypH, npH joHCKoj jamiHii 0,1 y 50%-hhm

eTaHOJiHHM pacTBopHiwa.

PE3YJ1TATH II flHCKYCHJA

y HameM paHHjeM paay4 HcnHTaHa je 3anHcnocT ancop6aHi|Hje 3-xHapoK-

CHcjwiaBOHa oa pH cpeflHHe. Ha ocnoBy ao6HjeHHx kphbhx h Ha ochoby ca^aiii-

h>hx ncnHTHBaH>a yTBpljeHo je Aa y 50"o-hhm eranonHHM pacrBOpHMa npH pH =

= 5,92 h 3,70, 3-XHflpoKCH(})JiaBOH He ancopSyje nocjie 400 nm, aok 6anap He

ancop6yje y HcnHTHBanoM noapy^y oa 350- 440 nm H3 thx pa3Jiora CBa naina

Mepe&a Bpmena cy Ha TajiacHHM fly>KHHaMa o# 400 — 440 nm. Mepen>a cy npniena

npeMa ajiKOXojiHOM pacTBopy oflroBapajyher nycjjepa.

 

Owna I Figure

CneKTpo4>OTorpaM KOMiuieKca

Spectrophotogram or the complex

1. Cm = 2,5 ■ 10-3 mol/dm3,

Cl = 2,5 ■ 10-3 mol/dm3, pH = 3,70

2. Cm = 2,5 • 10~3 mol/dm3,

Cl = 2,5 • lO-3 mol/dm3, pH = 5,92

CriHKa 2 Figure

Job-oBe KpHBC eKBHMonapHHX pacTBopa

Job curves of equimolecular solutions

Co = 2,5 ■ 10-3 mol/dm3, pH = 3,70,

u = 0,025

CacraB KOMnjienca oflpe/mjiH c«o npHMeHOM MeTo^e BapHjaipija ckbhmo-

napHHX pacrBopa5. MepeH>a cy BpmeHa Ha TajiacHHM ayHomaiwa op, 410 —440 nm

Hene floSHjeHe Kpnne 3a o6e Bpe^HocTH pH npra<a3aHe cy Ha cjiHKaMa 2 h 3.
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A

0,5

 

Cjihks 3 Figure

5 JML

[MMLl

Job-oBe kphbc eKBHMOJiapHHx pacTBopa

Job curves of equimolecular solutions

Co = 2,5 • 10-3 mol/dm3, pH = 5,92,

(i = 0,025

y o6a cnyiaja floGHjene npiiBe HMajy MaKCHMyiw ancopnijHje Ha «cu =0,5

(«cu je Mo;iapHH ypeo 6aKpa(II)), uito noi<a3yje #a ce cpopMHpa KOMnjieKC y

KOMe je oflHOc Kor.inoHeHaTa 1:1. To 3Ha^.n p,a ce y o6a ary^aja (J)opjvuipa kom-

n;ieKC Hcror cacraBa. Ca kphbmx ce bh^h pa je aiicopnTHBHocr KoivuuieKca MHoro

Beha ano jc pH = 5,92 npH hcthm KOHneHTpaimjaMa 6aKpa(II) h 3-xhapokch-

(j)jiaBOHa.

3a OApel)HBaH>e KOHcraHTe (popivwpaH»a KOMnjieKca npHMeHiuiH cmo MeToay

BapifjaqHja HeeKBHMOjiapHux pacrBopa. Ha pH = 5,92 o#hoc p = Cl/Cm 6ho

je 20 o,zihocho 40 a iwepeH>a cy Bpurena Ha TauacHHM ;r/>KHHaMa op 400—440 nm.

JIo6HjeHH pe3y^Tara npHKa3aHH cy Ha ctohh 4.

Ha cjihhh 5 npHKa3aHe cy KpHBe ao6HjeHe Ha pH = 3,70 na^a je o,hhoc

p = Cl/Cm = 5 oflHocHo 10. Mepeaa cy BpuieHa Ha TajiacHHM ;ry>KHHaMa op

400—440 nm. 3anpeMHHa CBane npo6e y 06a oiynaja je 6n.'ia 12 cm3. JJ,o6HjeHe

p<"3VJiTaTe npHKasyjy KpHBe na cjotuh 5.

Tlopaup ca KpuBHX KopHiuhejiH cy 3a H3payyHaBaH>e penaTHBHe KOHCTame

4)opMHpaH>a KOMnjieKca H3 cjiefleher H3pa3a:

BpeflHocr 3a Xm»x Ao6HjeHa je npojeKUwjoM AiaKCHMyivia kphbhx Ha ancuHcy h

/ie^,eibeM flo6HjcHe BpeAHOCTH ca 12. 3a.weH0M obhx BpeflHocTH y ropiboj jefl-

HatmHH flo6HjeHe cy BpeflHOcm npHKasaHe y TaSjnnm I.

H3 Ta6iitme ce bh^h pa cy upepHocm floSHjene 3a KOHcramy (J)opMHpaH>a

KOMruieHca hcuito /vaifee npn ynoTpe6n aneTanior ny<j)epa pH = 3,70 Hero npn

(P- 1) (1 - 2Xmax)

CM[(l+/))Xmax-l]2
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ynoTpeoH xeKcaMeTHJieHTCTpaMHHCKor nycpepa pH = 5,92, uito ce cjiaiKe ca

Hajia3MMa .apyrnx ayropa3 KojH OBaKBy nojaBy Tyiwa^e KOHKypeHTCKOM peaKUHjoM

H3iwer)y aqeraTHor joHa h ^HcocoBaHor o6jiHKa dpjiaBOHa y upouecy o6pa30Ban>a

KOMnjieKca.

A

0,4

0,2

>vP = 20

>^d . 20 N

—j i__ i ■ i

cm3L

CnHKa 4 Figure

KptiBe HeeKBHMOJiapHux pacTBopa

Curves of nonequimolecular solutions

CM = 2,510-S Cl = 510-« mol/

dm', pH = 5,92, |x = 0,025 /> = 40, CM =

= 1,25-10-* mol/dm8, Cl=5-10-» mol/

dm», pH = 5,92, (jl = 0,025

 

OniKa 5 Figure

KpHBe HeeKBHMOJiapHHX pacTBopa

Curves of nonequimolecular solutions

p = 10, Cm = 5 • 10-* mol/dm3, CL =

= 5 • 10-' mol/dm3, pH = 3,70,

(x = 0,025. p = 5, Cm = 5 • 10~"

mol/dm3, CL = 2,5 • 10"3 mol/dm3,

pH = 3,70, (x = 0,025

TAEJIHUA I TABLE

PH Cm P logif
Cpem%a

Bpemrocr logA"

3,70 5 ■ 10-» 5 0,333 4,04 4,05

5 • 10-" 10 0,25 4,07

5,92 2,5 • 10-4 20 0,167 4,51 4,44

1,25 • 10-" 40 0,167 4,38

KajiH6pau,HOHe KpHBe 3a o/rper)HBaH>e 6aKpa(II) noiwohy 3-xHflpoKcn<pjiaBona

ypar)eHe cy 3a o6e npe/THOCTH pH. KoHHeHrpauHja 3-XHflpoKCHdpjiaBOHa 6nuia

je KOHcraHTHa h y BHiiiKy, a KOHueHTpaimja 6aKpa(II) je 6nJia npoMeHJbHBa h

y 3HaTHOM MatKy. MepeH>a cy BpmeHa Ha TajiacHHM ayntHHaMa oa 400—440 nm.

Boja KOAuiJie-Kca (y 50%-hom eraHOJiHOM pacrBopy) cjiean Lambert-Beer-OB 3anoH

y o6a cnyqaja Tj. 3a o6e BpeAHOcra pH cpeaHHe. KpHBe nona3yjy aa ce 3-xn#poi<-

cHcjwiariOH ca CHrypnouihy MO>Ke kophcthth Kao aHanHra^KH peareHC sa cneKTpo
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4»TOMeTpHjcKO 0flpe^MBaH>e MHKpoKOJiHMHHa 6aKpa(II) h to h npH ynoTpe6H

aiieraTHor nycpepa pH = 3,70 M xeKcaiweTHJieHTeTpaMHHCKor nycpepa pH = 5,92.

OceTJBHBOcr peaniflije KOMiuieKCHpaiba je Beha Ha pH = 5,92 na je H koh-

ueHTpairjiOHO noapyqje y KOMe ce Mome npHineHHTH OBa Meroaa iwajbe (oa 0,32

AO 2,80 jig/cni3). KajiH6pairHOHa KpMBa 3a oBy Bpe/jHOCT pH npHKa3aHa je Ha

cjihhh 6.

 

j—i—i—i—i—i—i— i—i i.

0.D2 1,27 2£5

Cu (II) /:nr>3

OiHKa 6 Figure

KajiiiSpaunoHa Kpima 3a o;tper)HBait>e

oaKpa(II)

Calibration graph for determination of

copper(II)
Cm = 2,5 • lO-4 mol/dm3, Cl = 2,5 •

•IO-3 mol/dm3, pH - 5,92, |x = 0,025

A

0,1 h

 

H9Cu(II)/cm3

CjiHKa 7 Figure

KaiiHSpauiioHa KpKBa 3a o/rper)HBa&e

SaKpa(II)

Calibration graph for determination of

copper(II)
CM = 5 • lO"4 mol/dm3, CL = 5 • 10~3

mol/dm3, pH = 3,70, [/. = 0,025

y npHcycrBy aueTaTHor nydpepa, oceTJbHBOcr weToae je Heiino Maita na

je h KOHneHTpanHOHo noapyije 6aKpa(II) y KOiwe ce wory bpihhth oaper)HBaH>a

Behe (op, 0,63 — 5,14 }xg/cm3). JIooHjeHa KpHBa npiu<a3aHa je Ha cjihhh 7.

3AKJT,yHAK

HcnHTaHa je 3aBHCHOcr peaKHHje KOMnJieKCHp^H>a H3ivier)y Sanpa (II) h

3-XHflpoKCHchaaBOHa op cacraBa cpeaHHe Tj. y aqeTaTHOM nycpepy pH = 3,70

h xcKcaMenneHTeTpaMHHCKOM rrydpepy pH = 5,92. Har)eHa je 33bhchoct cTBapaita

KOMimeKca op pH cpe/iHHe. YTBpr)eHO je pa je iwaKCHMVM ancopnquje KOMrmeKca

y aueTaTHOM nycpepy Ha 360 nm a y xeKcaMeTHJieHTeTpaMHHCKo.M nycpepy Ha 395 nm .

Oaper)eH je o,jihoc KOMnoHeHaTa y KOjvm.ieKcy npHiweHOM iveTcyje BapiijauHje en-

BHMOJiapHHX pacreopa h HarjeHO pa ce rpa^H KOMnjienc THna ML (1:1). Oflpe-

beHa je KOHcraHTa cpopMHpaH>a KOMnjxeKca h Har)eHo pi je OHa HeuiTO Maita y

aueraTHOM nycpepy. IIpe/yio>KeH je 3-XHzrpoKCHcp.riaBOH nao aHajiHTHmcH peareHc

3a cneKTpodpoTo/weTpHjacKO 0flper)HBaH>e 6aKpa(II) y MHKpoKOJiHVHHaMa h y aue

raTHOM nycpepy pH = 3,70 h y xeKcaiweTHJieHTeTpaMHHCKOM nycpepy pH = 5,92.



432 BEJIAUlEBHTi m PA^OBH-R

SUMMARY

INFLUENCE OF THE MEDIUM ON THE FORMATION OF THE

COPPER(II) - 3-HYDROXYFLAVONE COMPLEX

KSENIJA VBLASEVlC «nd ZORICA RADOVlC

Institute of Physical Chemistry, Faculty of Pharmacy, University of Belgrade, P.O.Box 146,

YU-11001 Belgrade, Yugoslavia

By use of spectrophotometry the complex of copper(II) and 3-hydroxyflavone was investi

gated in acetate (1) and hexamethylenetetramine (2) buffers. It was found that Cu(II) and 3-hy-

droxyflavone form a stable yellow coloured complex with absorption maxima at 395 nm (pH

5.92, buffer 2) and 360 nm (pH 3.70, buffer 1). The stoichiometric ratio of the components in

the complex is 1:1. Relative constants of formation of the complex are determined. 3-Hydroxy-

flavone is proposed as analytical reagent for determination of Cu(II) in concentration ranges

0.3 to 2.8 ug/cms at pH 5.92 and 0.6 to 5.1 jxg/cm3 at pH 3.70. The former conditions are

preferred because of greater absorptivity.

(Received 19 November 1982)
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DETERMINATION OF THE DISSOCIATION CONSTANT

OF PRALIDOXIME CHLORIDE
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and
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By using the spectre-photometric method, whereby the absorbance of the

oxime was measured as a function of pH, at 336 nm, in borate buffer, concentration

dissociation constants of pralidoxime chloride (PAM-2), pA = 8.23, 8.20 and 8.13

were determined at 25, 30 and 40°C, respectively, and at the ionic strength of

(jt = 0.1. The pk values obtained at 25"C and at |x = 0.2 and 0.05 are 8.33 and

8.15, respectively. Calculated values of the change of standard free energy for

[i = 0.1 are AF° = 47.0, 47.5 and 48.7 kj/mol at 25, 30and40°C, respectively, and

those for the enthalpy, A// =1.2 kj/mol, and standard entropy, AS" = — 0.74

kJ/K-mol. The obtained molar absorptivity of PAM-2 is 1.89 x 104 dm2/mol

at 336 nm.

Pralidoxime chloride (pyridin-2-aldoxime methyl chloride, PAM-2), cholin-

esterase reactivator, is used as an antidote for organophosphoric insecticides, drugs

with anticholinesterase activity and potential nervous poisonous gases1-3.

By using potentometric titration Ginsburg and Wilson4 and Mason5 have

determined the PAM-2 dissociation constant, pk = 8.0, at the solution concen

tration of X 0.01 mol/1, at 25°C. By measuring the absorbance at 336 nm, Way6

determined spectrophotometrically the molar fraction of the ionic form of pyri-

din-2-aldoxime methyl iodide and found good agreement between the ratios of

dissociated and undissociated fractions calculated by using experimental data

and the PAM-2 dissociation constant. In acid medium7-8 PAM-2 solutions show

absorption maxima at 242 and 249 nm, and in alkaline medium at 336 nm9. In

most papers treating the determination of PAM-2, the method of UV spectro

photometry has been used. Owing to higher reproducibilty of results, some authors

give preference to spectrophotometric determinations in acid medium10'11. How

ever, the method using the alkaline medium is still more widely employed, even

for biological materials6-7-9.12^16, and can be successfully used for easy deter

mination of PAM-2 also in presence of its degradation products9-15'17.

433
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EXPERIMENTAL

Spectrophotometers Gilford Systeme 2600 and ACTA CIII, Beckman, with 1 cm quartz

cells were used. The spectra were recorded using buffer solution as a reference. The pH was

measured with a pH-meter pHM 84, Research, Radiometer, calibrated with standard buffer

solutions, Radiometer, pH = 4.01 and 7.00. Melting points were determined using Mettler

FP5 and Mettler FP31 equipments.

Pralidoxime chloride, Bosnalijek, had a melting point of 221°C; the content of the pra-

lidoxime, determined by titration with perchloric acid, was 99.52"0 and that of the chloride,

titrated with AgNOa, was 20.43%. All other reagents: H3BO3, NajB^?, HC1, NaOH (Alkaloid\

citric acid (Merck) and NaNC>3 (Kemika) were p. a. grade.

PAM-2 solutions were prepared in buffer solutions, in the pH range 2—11 (citrate buffer

- pH 2 4, borate buffer - pH = 5 - ll)3'18, as well as in 0.1 mol/1 HC1 and NaOH. The

ionic strengths of the solutions were maintained at jx = 0.05, 0.10 and 0.20 by using NaNC*3.

PAM — 2 stock solution of approximately 0.1 mol/1 was prepared by dissolving determined quan

tities of PAM — 2 in water, and PAM — 2 solutions were obtained by diluting the stock solution

with corresponding buffer solutions, or HC1 or NaOH solution, to the concentration of 5 x 10~5

mol/1. Measurements were performed at the temperature of 25 ± 0.2°, and with the solutions

having the ionic strength 0.10 also at 30 and 40".

RESULTS AND DISCUSSION

Absorption spectra. Spectra of 5 x 10 5 mol/1 PAM-2 solutions were record

ed at pH = 2—11 and at the ionic strength of (x = 0.05, as well as in 0.10 mol 1

HC1 and NaOH, at 25 ± 0.2°. The spectra of PAM-2 in HC1 and NaOH, 0.10

mol/1, are given in Fig. 1 . The PAM-2 spectra in acid medium, up to pH 5: 6,

1.0

A

 

224 263 302 3 41 380 ,

Anm

Fig. I . Absorption spectra 5 '* 10 5 mol/1 PAM-2 in; / -0,1 mol/1 HC1; 2- 0.1 mol/1 NaOH.
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are equal with those in HC1 and have the band maxima at 242 and 294 nm.

By further increase of the pH a new band appears at 336 nm, whose absorbance

is inversely proportional to that of the 242 and 294 nm bands, which dissappear

at a pH x 11 due to fromation of a PAM-2 zwitterion by dissociation of the

enolic form of PAM-29. The obtained band positions are in agreement with

the literature data. Since one weak band also appears in alkaline medium at

about 280 nm due to the zwitterion, in further determination the absorbance

was measured at 336 nm, i. e. at the zwitterion maximum, at which in acid me

dium it was equal to zero. The absorbance dependence on the pH of the solution

at 336 nm is given in Fig. 2. Since only the zwitterion absorbs at the given wave

length, the figure obviously shows the PAM-2 dissociation curve.

 

PH

Fig. 2. Absorbance dependence on pH at 336 nm; 5 x 10~5 mol/1 PAM — 2.

Determination of the dissociation constant. Being a monobasic acid, the PAM-2

enolic form cation (HOxJ) dissociates according to the equation:

HOx^ — H+ + Oxz (1)

in which Oxz is the zwitterion of PAM-2, and has a dissociation constant:

k = [H+] [Oxz] / [HOxJ]. (2)

By taking the logarithm of the expression (2) and by substitutions: [Oxz] = Ajab

and [HOxe] = (Ao—A)/ab, the expression

pk = pK-AI(A0-A) (3)

is obtained, where A is the solution absorbance measured at a given pH for a de

termined PAM-2 concentration in the solution, Ao is the absorbance of the same

solution measured at pH 11, when the total PAM-2 has dissociated, a is ab

sorptivity and b the cell thickness. When A = Aojl, i. e. after dissociation of
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50% оГ Ле юга! РАМ-2, рк = рН, Ггот гЬе аЬоуе ециапоп. Оегепшпаиоп

оГ рН Ьу а §1а55 е1ес1годе Ьет§ Ьа$ес1 оп асиупу тзгеай оп Н+ юп сопсепгга-

иоп, гЬе оЫашей рН уа1иез аге соггеаед Ьу аспуку Гасгогз са1си1атеё юг шеё

юшс зпгеш^Ьз Ггот гЬе ециаиоп 1о&/ = —0.502 \>- Аз рН = р [Н] + 1о%/,

гЬеп рк = рН—ю^/, 1. е. гЬе рк уа1ие 18 ециа! го гЬе сопсетгаиоп сопзгат

оГ шззоааиоп. ТЬе рН уа1иез оГ зо1ииоп8 ёесегттес! Ггот гЬе соггезропшп^

сНаргатз А — / (рН) (Р1р. 2) \уЬеп А = Ао12, ап<1 тНе уа1иез Гог изе<1 юшс

зстеп^гЬз апс! 5о1ийоп гетрегашгез аге ргезетес! т ТаЫе I. ТЬе Шегтодупапис

сопзгат оГ (Ьззоааиоп а1 (х = 0 апс! м 25° 18 с!е1егтшес1 Ьу е«гаро1апоп

о( а згга^Ьг 1ше рк = С(\/(*) (Р1?- 3). ТЬе етЬа!ру сЬап^е оГ РАМ-2 сИзво-

ааиоп \уаз «Зегегттес! Ггот уап'( НоГГз ециаиоп оГ гЬе геаспоп 1301Ьегт

 

р18- 3. Оерепс1спсе оГ 1пе Лззоаасюп ссмшаш р!8- 4. СКап^с оГ р& и-йЬ сетрега-
(рк) оп 1пе юшс зггспвсЬ (\Г]Г) а1 25 С. (игеа(|х — 0.10.

ТАВЬЕ I. 0155ос1аиоп соп$1ап(з о!" РАМ-2, 51апс1ап1 Ггсс спегву (АР ), сп1па!ру (А//) апс!

8(апс1агс1 етгору 1.А51).

рН* рк АР° АЯ

°с к]/то1 И/то! к^К- то1

25 0.20 8.10 8.33 47.5

25 0.10 8.07 8.23 47.0

<о 0.10 Х.04 8.20 47.5 1.2 -0.14

40 0.10 7.97 N.13 48.7

25 0.05 8.04 8.15 46.5

25 0 7.97 45.3

* рН *-пеп А Л „ '2

1. с. Ггот 1Нс рк с!ерепс!епсс оп 11Т (Р'щ. 4). СЬапре оГ Т.Ье зт.апс!агс1 Ггее

епег^у (А/7 ) апс! етгору (А5 ) Ьа$ а1зо Ьееп са1си1агсс1. ТЬе оЬсатес! уа1ие$

аге ргезетсс! ш ТаЫе I. ТЬе РАМ-2 аЬзогриупу а = 1.89 X 104 с!т2/то1 ат

336 пт 13 са1си1а1ес1 Ггот гЬе аЬзогЬапсе \га1ие$ оГ 5 X 10 5 то1/1 РАЛ1-2 т

\ТаОН 8о1ипоп, 1. с. а1 8о1игюп рН \'а1иек 5 12 (Гщ. 2).

ГЬе уа1ис оГ р^ — 8.07 Гог ■>. - 0.01, «гЫсЬ 18 уегу с!озе го рк = 8.0 с!е-

(егтшес! Ьу рогептлотетс Мгапоп4-8 пае Ьееп са1си1агес! Ггот 1Ьс гЬсшюф--

пагшс сопзгапг.
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извод

ОДРЕЪИВАЬЬЕ КОНСТАНТЕ ДИСОЦЩАЦЩЕ ПРАЛИДОКСИМ-ХЛОРИДА

ДРАГАН С. ВЕСЕЛИНОВИЪ и ИЛИ]А К. МАЧИЪ*

Пнсшчшуш за физичку хемщу, Прнродио-машемашички факулшеш, Београд и * Во^иомедицинска

академика, Београд

КоришЬешем спектрофотометрщских метода, мерек>ем апсорбанци)е пралидоксим-

-хлорида (РАМ-2) на 336 пт, у боратном пуферу, одре^ена )е константа дисоци)аци)е РАМ-2

при )онско) )ачини раствора (х = 0.10 на 25° (рк = 8,23), 30° (рк = 8,20) и 40° (рА = 8,13;

као и при )онским )ачинама |л = 0,20 (рк = 8,33) нц = 0,050 (рк = 8,15) на 25°. Одре1)ена

)е термодинамичка константа дисош^ац^е за ц = 0 на 25°, рк = 7,97. Израчунате су вред

ности стандардне слободне енерги)е дисоци)аци)е при ,и = 0,10 на 25° (47,0 Ц/то1), 30

(47,5 Ц/гао1) и 40' (48,7 Ц/то1), енталпи)е (АН = 1.2 к1/то1) и стандардне ентропи)е

(Д5° = — 0,14 Ц/К • то1). Одре!)ена )е вредност моларне апсорптивности РАМ-2 на 336 пт,

а = 1,89 • 10^ с!т3/то1.

(Примл>ено 14. марта 1983
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УАРОИК-ЬЩШВ ЕС*1Л1ЛВК.ШМ Ш 8УЗТЕМЗ №1ТН А350С1АТЮК

Ш ВОТН РНАЗЕ5. I. БЕУЕШРМЕКТ ОР ТНЕ АШОК1ТНМ8 ОР БАТА

КЕБПСТЮЫ РКОСЕБ1ЖЕ

ТЕЬЕЫКА В. 8АУКОУ1С-ЗТЕУАЫОУ1С, АЬЕКЗАЫОАК 2. ТА51С

апс! В01АЫ Б. ВОКВЕУ1С

РасиПу о/ ТесИпо/о^у апЛ Меш11иг§у, ипюегму о/ Ве1§га<1е, Р. О. Вох 494, У11-1 1001 Ве1§гайе,

Уи%о$1аь1а

(Кесешх! И Магсп 1983)

Т\\'о а1воп1птз Сог 1пе геёисгюп оС уароиг- ециШЬпит с1а(а оГ

1пе Ыпагу зузгетз, \\'ЫсЬ ехЫЫ1 аззоааСюп оГ опе сотропеп! т Ъо1п рпазез

\уеге с!е\'е1орес1. Тпе Пг$1 опе 18 Ъазес! оп 1пе то(1е1 оГ Магек апс! §1ап<1аг1 тсог-

рогаипв 1Ье гстрегашге дерепйет аззоааиоп сопзшиз Гог еасЬ рпазе. ТЬе зесопсЗ

а180Г11пт ассоипгз 5ог гпе 1етрегашге аз \\ге11 аз 1Ье сотрозтоп дереп<1епсе оГ 1пе

ПциМ рпазе аззоааГюп сопзшт, аз 81\еп ш 1пе тос!е1 оГ Хепктз апй С1Ьзоп-

-КоЫпзоп.

ТЬе уароиг-Няшс! еяиШЬпит (УЬЕ) соггекгюп о!" аззоаагес! зузгетз \уаз

туезг^агес! Ьу тапу аигЬогз т гЬе ге\у 1азг сксасгез. ТЬе \уе11 кпо\уп \уогк о!"

Рпдодте ап<1 Бегау1.'2 ггеагес! гЬе ЬеЬаушиг оГ гЬе 1<1еа1 аззоаагес! зоЬтопз.

Ргапсезош, Тгеу1ззо1 апс! Со)иси3'4 аз \уе11 аз Тагшг апс! №1зшак5~7 згисИес!

УЬЕ т гЬе уароиг рЬазе. Магек апс! 8гапс!агг8-9 с!еуе1ореё гЬе тос!е1 са-

раЫе го с!езспЬе гЬе рЬазе апс! гЬе сЬетка1 еяиШЬпит гог аззослагюп геасгюп

т ЬогЬ рЬазез. 1п еасЬ рЬазе гЬе аззоаагюп сопзгапг о!* гЬе гтхгиге \уаз аззит-

е<1 (о Ье ециа1 го гЬе аззоаагюп сопзгапг ог~ гЬе риге аззоаагт^ сотропепг,

\уЫсЬ 18 оп1у гетрегагиге с!ерепёет. 1епктз апс! СНЬзоп-КоЫпзоп10'11 Ьауе

тосЬПес! гЬе тос!е1 о!" Магек апс! 8гапс!агг сопзЫеппд гЬе Ьятс! рЬазе аззоаа

гюп сопзгапг оГ а Ыпагу гшхгиге аз а Гипсгюп оГ гетрегагиге апс! сотрозкюп

ог" гЬе аззоаагез.

ТЬе ригрозе о!" гЫз атс1е \уаз го с!еуе1ор г\уо а1допгптз Гог УЬЕ с!ага

гес!исг1оп ргосесиаге оГ гЬе аззос1агес! зузгетз, опе о!" \уЫсЬ гакез 1пго ассоипг

гЬе гетрегагиге аз ууе11 аз гЬе сотрозтоп с!ерепс!епсе о!"гЬе аззоаагюп сопзгапгз.

АЬООК1ТНМЗ РОК ТНЕ РНАЗЕ АКО СНЕМЮАЬ ЕдЦ1ЫВКШМ Ш ТНЕ

5У5ТЕМ5 ^1ТН А550С1АТЮК ОР ОЫЕ СОМРОЫЕЫТ Ш ВОТН РНАЗЕЗ

1г 13 кпо\уп12-19 гЬаг асег1с аск! Гогтз аззоаагез: с11тегз, гптегз апс! гег-

гатегз 1п гЬе Няшс! аз у/е11 1п гЬе уароиг рЬазе. Ноу^еуег, 11 \уаз зпо\упв~п>16

гЬаг гЬе ргезепсе о!" гЬе гг1тегз апс! геггатегз сап Ье пер1есгес1. Непсе, 1п гЫз

\уогк гЬе аззос1аг10п геасг1оп \уаз аззитес! го 1пс1ис!е оп1у гЬе сЬтепгагюп 1п

ЬогЬ рЬазез оГгЬе зузгет ассогсИп^ го гЬе еяиагюп:

439
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2А1 В . ~ А« + В. (I)

1Г тЬе аззоаапоп сопзгатз <1о пот Лерепс! оп гЬе сотрознюп оГ гпе рЬазез тЬе

кеу аззшпрпоп песеззагу го Гогт оиг ак'огипт (I) сап Ьс ехргеззес1 Ьу тЬе соп-

сЬиопз:

К = КА - ^т(Г) апс! * = *А = *т(Л

1Г гЬе \{ци\6 рЬазе аззоаапоп сопзгат Перепек оп гЬе гетрегашге аз »е!1

аз оп 1пе сотрозтоп, гпезс сопсИпопз сап Ье ДезспЬес! Ьу гпе ге1аиопзЫр5

* = ЛГа - КТ(Г) аш1 (2)

\уЫсп аге гпе Ьаз13 оГ 1пе а1$:оптпт (II).

Ассогйшй ю ец. (1) 11 15 песеззагу го тс1ис!е 1пе соггезрошЬп^ рЬазе апс!

сЬеппса1 еяшНЬпит ге1аиопз т ого*ег ю Гогт гпе а1ропгЬтз (I) апй (II).

Рог гЬе а1цотпт (I) гпе Го11о\У1пц ехргеззюпз аге Уа1к1: тЬе рЬазе еяиШЪ-

гшт еяиапоп Гог гЬе топотег т гЬе риге аззоаайпр сотроипс1 НазгЬеГогт8 9

РаоУ\а Ф1А = р\о Х\К Па-

ТЬе уароиг апд Пяик! рЬазе аззоаапоп сопзгатз аге ^К-еп Ьу

^А =

У2А

/>ЛО.У1А2,

?А =

*2А

*1А2.

Зтсе^А + у2А = 1, гЬе ток Ггасгюп оГ гЬе топотег т гЬе уароиг рЬазе

сап Ье ехргеззес! аз

у1А = ± -_1

2К\ Рао

5ит1аг1у, гЬе то1е Ггасиоп оГ гЬе топотег ш гЬе ПяиИ рЬазе сап Ье

^Ь/еп Ьу:

Х1Д = У 1 + 4^-».

2кА

ТЬе рЬазе еяшПЬпит еяиапоп Гог тЬе Лтег т тЬе риге аззоааипд сотрошкЗ

сап Ье шчпеп аз

 

еге

 

РАО У2А ФгА = р20 Х2А У2А

= 2*ГА Рао -М - У*КаРао+1

2Ка рло

У2А
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апс!

_ 2*А + 1 - л/4Аа г- 1
*2.\

2кА

ТЬе рЬазе еяшНЬгшт Гог гЬе топотег т гЬе ппхгиге сопгашищ гЬе аззо-

оапп^ сотропет 13 ргезепгес! Ьу гЬе еяиаиоп:

Ру\ Фг = Рю XI У1.

изт§ гЬе згокЬютегпс ге1аиоп у\ + уг + ув = 1) *Ье ехргеззюп 1ог *Ье

ток {гаспоп 01" *Ье топотег т *Ье уароиг гсйхшге сап Ье ^1Уеп т гегтз оГ

гЬе потта1, згокЫотетс ток Ггасгюп 01 гЬе аззоааип;* сотропет:

у _ \/Н 4^уа(2^а)-1

2КР(2-уА) '

\уЬсге К = уг/Руг2- Апа1ороиз1у, гЬе ехргеззюп гог *Ье потта1 ток Ггасгюп

оГ гЬе топотег т *Ье Нцшс! пнхшге сап Ье скгК-ес! т гЬе югт:

х - л/1Т4^са(2-ха)-1

2к (2 л-д)

\уЬегс к = Х2/Х12.

ТЬе сопсЬиоп оГ сЬе уароиг-Пяшс! еяиШЬпит юг гЬе сЬтег 18 ш гЬе пих-

шге §1Уеп Ьу *Ье сциапоп:

Руг Фг = Р20 *2 "г

\уЬеге :

2 \КРу\ + АКР - ЛКРу.к) "

апс! 1п а 51тПаг таппег, гЬе Нцшс1 ток Ггасиоп" оГ гЬе сЬтег 1з:

ха = 4йха+1 - 2кх\ - \/1-8*лга~- 4Кх\.

2(кх\-±4к-4кхА)

ТЬе рЬазе еяиШЬпит Гог гЬе аззоааипр сотропет т гЬе гтхшге 13 ск-

зспЬес! Ьу гЬе еяиаиоп:

ру\ 2аФа = р\о ха Ьа "а

\уЬеге:

2^ = I + 4КаРао ^)

1 + V 1 Т4КРу~А~{2 -ул)

апсЗ
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_ 1 ; V 1 - 4АА

1 +у/ГПЬ:~а{2-ха)

4

ТЬе 15оЬаг1С-15о:Ьегта1 рЬа.чс еяиШЬпит 1ог гЬе попаззоааип^ теп

сотропет В о*' (же пихгиге 1х ргехспгес! Ьу гЬе ехргевзюп

\уЬеге :

апс!

рув 2ъ Фв — рво *в ^в ув

. 2[1-уА *■ V 1 • 4ЛГРуа(2-л-а)]

' (2->А)(1 4 \ЛГ-«- (2 -уА))

2[1-ха I Л/ I ^4АхА(2-ХА)]

(2 - *А)[1 -г \/1+4Ад:а(2 - уА)]

(5)

(6)

ТЬе рЬа$е еяиШЬпит еяиаиоп Гог сПтег т гЬе пихшге, \\ЫсЬ гакез т-

ю ассоит гЬе гетрегагиге апс! сотрстпоп ^ерепскпсе оГ гЬе Няшс! рЬа§е а$5о-

сиаиоп соп5Гап1, згаге$ гЬаг:

РУа2аФа-РасхаЪа уд

\уЬеге гЬе соггезропсНп^ соггесгюп Гасгоге аге скПпсс! ах:

апс!

[4АГР+ 1 1уА - 2КРУА - V 1 1У2а - 8АГР/.уА -4КР] 2К.к Рао

2{КРу\ - 4КР~ АКРуа) (2Ка рко \- 1 - у/АКа рАО~ 1

[(4* 4- 1 1хА - 2к Ха) ~ V 1 /*д + 4А] 2АА

*а =
2(ЬЛ • 4А-4АхА) (2АА -г 1 - V 4*а 1)

(7)

(8)

«.

(9)

ТЬе асгтгу соеШает уА 1гот ея. (7), апс! гЬе Пяте! рЬазе аззослайоп

сопхгапг к !гот гЬе ге1апоп5Ыр (2), тау Ье ехргеззес! Ьу гЬе ГоШтиц; еяиапоп?:
 

Ул ~ Уг/угл апс! к = - 'ЛР ка

у.Ьеге

У2 У?А

*{1 = У А У2А>

В

*а Фа *а

(Ю)

У1 ■= "А У1Л
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С 5ТДНТ )

Г

1ЫР11Т

ВАА' ВВВ 'РАО " РВ0 " КА ' кА

«т-Ут-Р'Т.Ко.Удо. "ВО

т~гт

ЧЕЕ>

СОМР1ЛЕ0 7А. ЬА :Е05 (18) АЫ0 09)

Уд =РУа-2а- гА ' Рао "а Ьд

СОМРУТЕО гв.Ьв:Е05 (21)АЫО(22)

Ув=р*в гв *в ' рво »в Ьв

01ЛР11Т

^■^■гА-гв-гА*в'ьА'Ьв

С 5Т0Р

р18- I- Р1о\у сЬап оПЬе рговгат Гог согге1аиоп УЬЕ с!а1а ассогсНпб (о а1еоп!Ьт I*.

АЙег зиЬзпшпоп, гЬе Ппа1 Гогтз аге оЫатес!:

Та = Тл/р ап<1 к = кА (3 ул.

ТЬе ециапопз, ^1уеп ш гЫз атс1е, л^еге изес! ю Гогт гЬе а^огиЬтз I

апс! II, гЬе Ыоск сНа^гатз о!" \уЫсЬ аге ргекепгсс! т р1#5 1 аг.с1 2. ТЬе с!е\'с1-

оре<1 а1§опгЬтз аге гезгес! апс1 уепПес! изтр кчоЪапс Ыпагу дат оГ гЬе зуз-

гетз оГ асеис аа<1 \У1ГЬ го1иепе апс1 шагег12 14 аги! 1$оЬапс апс! 1801Ьегта1 Йа1а

оГ пихшгез оГ асеис аас! \уцЬ Ьеп/епе, ю1иепе, />-ху1епе апс! о-ху1епе15.

* Ыо1е асЫес! т ргооГ: Тпе питЬепп^ оГ еяиаиопз т спе Г1о\у спаггз зцоиШ Ье спапвес1

зо аз Ю ецз (18) апс1 (19) Ьесотс (3) апс! (4), ецз (21) апс! (22) геас1 (5) апс1 (6), апс! еяз

(24) апс! (25) Ьесоте (8) апд (9).
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С 5ТАЙТ )

1МРЦТ 7

«*.Ут.Р.Т.Я0.у1, . у^ . у^0. /

>АА' В'вв Р*0 ■ РВО • КА'кА- 6 /

N 1_ /

та

С0МР1ПЕ0 2Д,ЬД:Е05 (18)АН0 09)

X

*А*Р»А гА V РА0 ".А ЬА

*

СОМРЦТЕО 2а.Ьв:Е05 (21) АИО(22)

I

УвгР'Ув гв *в 1 рво «в Ьв

С0МР11ТЕ0 2д.Ьд :Е05 (24) АЫ0(25)

Е

\ уа .Ув.гд.г

УЕ5

оитрш

вЬд.Ьв.2д.2,.к.К.Р

7

♦ 1

( 5Т0Р )

Пр. 2. Р1о\у сКагс оГ [Не рго§гат Сог соггеЫпоп УЬЕ сЫа ассогс1тв Ю а1вопгЬт II*.

КОТАТГОЫ

К \'ароиг рИаке авяоаапоп согшат, а1 гоЫ ргезяиге оГ тшиге

Ка — \ароиг рЬа^е ачзоаапоп солдат, а( затгагес) чароиг ргеззиге оГ риге аззоаа-

С1П8 сотропеги, рдо

* 5ее пою ю р1&. 1.
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к — Перш] рпазе аззоааиоп соп81ат Гог гпе гшхШге

*а — Няшс! рЬазе аззоаа1юп сопзшт Гог гпе риге азвоааипв сотропет

Г — гетрегаГиге, К

Р — го1а1 ргеззиге оГ зу$(ет, Ра

Рао — заштатес! уароиг ргеззиге оГ Гпе риге аззоаагтв сотропет, Ра

рво — 5а1игасе<1 уароиг ргеззиге оГ 1пе риге поп-аззоетаип? сотропет, Ра

рло, рго — загигагес! уароиг ргеззиге оГ тпе топотег апс! сИтег

ха — потта1 Мцшд рЬазе ток Ггасиоп оГ гпе аззоаагше сотропет

хв — попипа1 Няшс1 рпазе то1е Ггас1юп оГ гпе поп-аззоааипв сотропет

Х1Л>х>а — Пцшс1 рНазе ток Ггасиоп оГ 1Ье топотег апс! сИтег т риге аззоааСтз сотропет

XI, XI - ^ш<1 рЬазе ток Ггасиоп оГ гЬе топотег апс! сНтег т гтхгиге

>1А, У»а — \ароиг рпазе ток Ггасиоп оГ 1пе топотег апс! сИтег т риге а85оааип8 сотропет

Уиуг — уароиг рпазе ток ГгасСюп оГ 1Ье топотег апс! ситег т гЬе гтхгиге, гезрес11Уе1у

у.к — потта1 уароиг рЬа8е ток Ггасиоп оГ 1пе аззоааГш8 сотропет

>>в — потта1 уароиг рпазе ток ГгасГюп оГ Гпе поп-аз80С1аГт8 сотропет

2.\ — уароиг рпазе соггесиоп Гасюг оГ гпе аязоааипв сотропет Гог топотег

2'л — уароиг рпазе соггесиоп Гассог Гог гпе аззооаипв сотропет аз скГтес1 Ьу ец. (8)

2а — уароиг рпазе соггеегт Гасгог Гог гпе поп-аззоааГте сотропет

Ь\ — и^иМ рЬазе соггесиоп Гасюг оГ гпе аззоааипе сотропет Гог топотег

Vк — НциИ рпазе соггесгог Гасгог Гог гпе аззоааипе сотропет аз скГтес1 Ьу ея. (9)

— Ьцик! рпазе соггесиоп Гасюг Гог гпе поп-аззеоааипв сотропет

Т1А,угА — Нцшс1 рпазе асЛгуКу соеШсктз оГ гпе топотег апс1 сНтег т Гпе риге аззоааипе

сотропет, гезреси\е1у

"1 ! Та — Няшс! рЬазе аси\иу соеГПскпгз оГ (Ье топотег апс1 Лтег ш Гпе т1х1иге, гезресГ1Уе1у

Та, ув — потта1 Няша1 рпазе аси\1гу сосГПаетз оГ гпе аззоааипв апс! поп-аззоааГте

сотропет, гезресиЧ*е1у

3 — гагю оГ соггесиоп ГасЮгз аз оеГтсс1 Ьу щ. (10)

Ф1а<Ф*а— Гиеас11у соеГПскт Гог гпс топотег апо" сПтег т 1Ье риге аз50С1аип8 сотропет,

гезресиуе1у

Фь'Рг — Ги8ас1[у сое{Г1скп( оГ гЬе топотег апЦ сПтег т (Ье т1х1иге, гезресиуе1у

Фа — Гиваску соеГПс1еп1 гаг1о Гог сЬе топотег, Фл — Ф)/Ф1л

Ф'а — Ги8аа1у соеШс1еп1 гасю Гог гЬе ^(тег, Ф'л — Фг/Фал

Фв — о\'ега11 Уароиг рЬазе Гикас11у соеГПс1ет оГ попа85ос1а11пв сотропет

И 3 В О Д

РЛВНОТНЖА ПАРА-ТЕЧНОСТ У СИСТЕМИМА СА АСОЩЦАЦ1ЦОМ У ОБЕ

ФАЗЕ. I. РАЗВ01 АЛГОРПТАМА ЗА ОБРАДУ ПОДАТАКА

ЖЛЕНКА Б. САВКОВИ'Й-СТЕВАНОВИЪ, ЛЛЕКСАНЛАР Ж. ТАСИТ» и БОМН Д. ЪОРЪЕВ1ГН

Техно.юшко-машалуршки факулшеш Унивсрзишеша у Београду, Карнегщева 4,

11000 Беоррад

Разви)ена су два алгоритма за обраду података раннотеже фаза пара-течлост бипарних

система са асоци|аци)ом )едне компоненте у обе фазе. Први од н>их се заснипа на моделу

Магек-а и 5гапс1аг[-а ко)и укл,учу;е темиературнс» заннсну констану асоцн)аци)е у сиако]

од фаза. Другн алгоритам узима у обзир эавненост константе асоци)ацн)е у течно) фазн

од температуре и од састава како )е дато у моделу Тспктз-а и С]Ь8оп-КоЬ1пзоп-а.

(Примл.ено 11. марта 1983^)
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The Jenkins and Gibson-Robinson (JGR) model was extended in order to

enable its use for the analysis of association effects in multicomponent systems. On

the basis of this extension the algorithm for the reduction of vapour-liquid equi

librium (VLE) data in ternary systems, which exhibt association of one compo

nent in both phases, was developed. The temperature and composition depend

ence of the liquid phase association constant was accounted for. This algorithm

was verified applying to the experimental isobaric VLE data of the systems : acetic

acid — acetone — water and acetic acid — xylene — water. The calculated activ

ity coefficients of ternary associated systems were compared with those predicted

on the basis of corresponding binaries.

Phase equilibria for the systems in wich association occurs in one or more

phases have been studied over a long period of time. The classical works of Pri-

gogine and Defay1'2 gave the model of ideal associated solutions. Francesoni et.

al.3-4, and works of Tamir and Wisniak5-7 considered the association reaction

only in the vapour phase. Marek and Standart8'9 developed in their papers the

phase and chemical equilibrium for association reaction occurring in the vapour

and liquid phases for binary systems. Jenkins and Gibson-Robinson (JGR)10.11

modified the model of Marek and Standart stating that the liquid phase associa

tion constant is a function of the temperature and of the associates composition

of the mixture. They assumed that the vapour phase association constants of the

mixture are equal to that of the pure associating component. Jenkins and Gibson-

-Ro!ii::son have studied binary associated systems. Savkovic-Stevanovic, Tasic and

Dordevic12 considered the reduction of isobaric and isothermal VLE data for the

binary systems of acetic acid with banzene, toluene, p- and o-xylene.

The purpose of the present article is to investigate the reduction of the

vapour-liquid equilibrium of multicomponent systems, with association of one

component in both phases.

* To whom correspondence concering this paper should be addressed
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448 SYSTEMS WITH ASSOCIATION IN BOTH PHASES. II

EXTENSION OF THE JGR MODEL FOR TERNARY SYSTEMS

For the association reaction 2Ai + B 4 C A2 + B + C, the phase equi

librium for component A is given by equation

PyA Zx Q>a = Pao xA Sa Ya (1)

For the non-associating components B and C, the corresponding equations are

Pvb Zb ®b = pm xb Sb yb (2)

PycZc = pco xc 8c yb- (3)

The model takes into account the composition dependence of the liquid phase

association constant, so that

K = KA = f (P) and k = f (P, xA), i.e. k = kA p ya (4)

where

p = ZA0A8A/ZA<DASA (5)

and

T. _ 2KA pAo(4KP+ 1 lyA~2KPyA)

2(/£PyA2+4KP-4/CPyA)[2KAP0 V 4ATApA0 + I]

2KaPao VWA2+%KPIy~A -~4KP

2(APy*A+4A:P - 4XPyA)[2^A/>A0 +1- V *KAPAOp+l]

8> 2feA(4fe+ 1 lxA —2kxA)

A ~ 2(Ax*A+4*-4*xA)[2*A+l- \/4*T+l]

2/feA y/~\lx\+%klxA - 4k

2(*^A+4*-4fccA)[2*A+l- V4*A"+ 1]

(7)

The block diagram of the computer program for the VLE data reductoin

procedure, according to eqs (1)— (7), is shown in Fig. 1.

RESULTS AND DISCUSSION

The sets of VLE data for the ace ic acid - acetone — water, acetic acid —

water, acetone — water and acetic acid — acetone mixtures, were measured by

York and Holmes13 at 101325 Pa.

The data for the acetic acid — xylene — water systems were obtained by

Murogova et a/.14 at 101325 Pa. The set of data for acetic acid — xylene system
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were determined by Othmer15, also at 101325 Pa. The data for water-xylene were

given be Geblin16 and Carslon and Colburn17 at 101325 Pa.

The vapour pressure for acetic acid was obtained from the Antoine equa

tion reported by Ambrose et al.iS and Marek and Standart8. For acetone, water

and xylene the Antoine constants were reported by Prausnitz et a/.19

Vapour phase non-idealities were handled by the method of Prausnitz et

al.19, except for the acetic acid, where the correction factor of Marek and Stan-

dart8 and Marek9 was used. The pure component association constants were

obtained from the work of Ritter and Simons20 for the vapour phase (assuming

dimer formation only) and from Freedman21, as correlated by Barton and Hsu22

for the liquid phase.

Reduction of VLE data for the investigated ternary systems was performed

by means of the NRTL model23, in wich the parameters are considered as temper

ature independent. The NRTL parameters for all corresponding binaries24 have

been calculated using the JGR model.
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XBiA.B^Pjgfy,^, l.,R.N.e /
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I COMPUTED Z, b,z, |

|VPj,, Z,2,/PwX,b. I

I COMPUTED Zc,bcizc I

|y^PYc.Ze.2c Pa,.Xrbc |

| computed z;,Btiz; j

 

Fig. 1. Flowchart of the algorithm for the reduction

of VLE data for ternary associated systems

The results obtained from the use of the algorithm shown in the block dia

gram (see Fig. 1) indicated that the liquid phase association constant is concen

tration dependent (Fig. 2).

Comparison of the activity coefficients predicted by the NRTL model,

with those calculated from the experimental VLE data13 on the basis of the block

diagram, is shown in Fig. 3 for acetic acid-acetone-water system at 101325 Pa.
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Fig. 2. Composition dependence of the

liquid phase association constant for the

acetic acid — acetone — water system

at 101325 Pa

Results of similar quality arc obtained

water system.

Pig. 3. Comparison of the activity coeffi

cients predicted by the NRTL model

with those calculated from the experimen

tal VLE data for the acetic acid — acetone

- water system at 101325 Pa

for the data of the acetone — xylene —

CONCLUSIONS

The obtained results of the VLE data reduction for the ternary systems acetic

acid-acetone-water and acetic acid — xylene — water indicate that the model

accounting for the composition-dependent liquid phase association constant is

adequate. The proposed thermodynamic model for the multicomponent sy

stems successfully represents the experimental data.

NOTATION

A - associating component

B, C — non-associating component

Ai,A-2 — monomer, dimcr

P total pressure of system, Pa

T — temperature, K

K vapour phase association constant at total pressure of mixture

K.\ - vapour phase association constant at saturated vapour pressure of pure associating

component p \o

k liquid phase association constant for the mixture

h\ liquid phase association constant for the pure associating component

p\n saturated vapour pressure of the pure associating component, Pa

pw\, pen saturated vapour pressure of pure non-associating B and C, respectively

x\ nominal liquid phase mole fraction of the associating component
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xn, xc — nominal liquid phase mole fraction of non-associating components B and C,

— respectively

yx — nominal vapour phase mole fraction of the associating component

yn,yc — nominal vapour phase mole fraction of the non-associating components B and C,

respectively

Z\ — vapour phase corection factor for the monomer

Z''a — vapour phase correction factor for the dimer

Z-b, Zc — vapour phase correction factor for non-asscociating components B and C, res

pectively

4>A — vapour phase fugacity coefficient of associating component, ratio of fugacity

coefficient of monomer in mixture to that of monomer in pure associating com

ponent

— fugacity coefficient ratio for the dimer

— overall vapour phase fugacity coefficient of non-associating component

— liquid phase correction factor of the associating component for monomer

— liquid phase correction factor for the associating component for dimer

— liquid phase correction factor for non-associating components B and C, respec

tively

JJ — ratio of correction factors defined by eq. (5)

Ya> Yb, yc — nominal liquid phase activity coefficients of the associating and non-associating

components, respectively.
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PABHOTE>KA HAPA-TEMHOCT Y CHCTEMHMA CA ACOUHJAIIHJOM Y ORE

<£>A3E. II. riPOUIHPErfaE HA OEPAIiy PABHOTE>KHHX IIOflATAKA TEPHEPHHX

CHCTEMA

JEJIEHKA E. CABKOBH'K-CTEBAHOBH'K, AJIEKCAHflAP >K. TACHTi h EOJAH H. -BOPTiEBHTi

TexHOAoiuKo-Meuia/iyputKU ^aKy.iiueiu y'Hueepmiueuia y t>eo^[>a^y^ u. up. 494, 1 1001 Beo:pad

Mofleji Jenkins-a h Gibson-Robinson-a (JGR) npouiHpeH je 3a aHajni3y ecbeKaTa acoiui-

jauMje y MyJiTHKOMnoHeHTHHM cHCTeMHMa. Ha ochob>' OBora je pa3BiijeH ajrropHTaM 3a o6pa;;y

paBHOTewHHX noflaTaKa napa-TeiHocT 3a TepHepHe CHCTeMe ca acomijauHjoM je^He KOMnoHeuxe

y o6e cbaae y3HinajyhH y o63Hp 3aBHCH0CT KOHCTaHTe acouHjaimje TeiHe (base TeMnepaType

h cacraBa. OBaj ajiropHTaiH je BepKfpHKOBaH npiimeHOM Ha eKcncpHMeHTajine no/iarae napa-Te^r-

hoct cJieAehnx CHcrejua: CHphenia KHcejniHa - aue-roH — boa* h cwpheTHa KHceJiima - uo;ia

— kchjioji. IIoper)eHH cy H3panyHaTH Koe(pHiuijeHTH aKTHBHOCTH TepHepHHX acocoBamix cncTe.ua

ca ohhm npeacKa3aHHM Ha ocHOBy oAronapajyhnx 6iiHapnHX KOJw6HHauHja.

(npiiMJbeno 11. MapTa 1983)
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ОНйВ-931 1ШС 662.69:622.691.4

Огщта.1 шепп/к рарег

СИМУЛАЦИТА СТАЦИОНАРНОГ, ИЗОТЕРМСКОГ ТРАНСПОРТА

ПРИРОДНОГ ГАСА КРОЗ МРЕЖЕ СЛОЖЕНЕ КОНФИГУРАЦИИ

МИЛАНА ЪУРИЪ и МИОДРАГ НОВАКОВИЪ

Техно.гошки факулшеш Ушшрзишеша у Новом Саду, 21000 Нови Сад

(Примл>ено 6. децембра 1982)

Обращена )е симулаци)а транспорта природног. гаса кроз мреже сложене

конфигураци)е, т) . са отвореним, разгранатим и затвореним деловима (петл>ама).

За отворене делове гасовода )е утвр^ена расподела притисака по по)единим чво-

ровима, при константним захтеваним протоцима, док )е за петл>е симултано од-

ре!)ена расподела протока и притисака, као меБусобно заплених функци)а. За

решаван>е наведеног проблема разви)ена )е метода заснована на решаван>у

система линеарних )едначина и успешно тестирана на одре^еким примерима.

Све интересантни)'е коришНен>е природног гаса као сировине ?а прераду

(рафинери)ску и петрохеми)ску) или енергетског извора тесно )е у вези са

шеговим транспортом од места производное (налазишта) до места потроппье.

Како )е, с друге стране, за решаван>е битних проблема транспорта и дистри-

буци)е потребно познавати и моЬи предви^ати и понашавъе природног гаса

у широком интервалу притисака и температура целисходно )е ангажован>е

инжешера хеми)ског профила, ко)и су у стан>у да термодинамику стру)ан>а

стишл>ивог мултикомпэнентног флуида комплексно сагледа)у и обраде.

Аутори овог рада су до сада предложили поступай симулащф стру)ан>а

природног гаса кроз дуге лини)ске водове1-2 и разгранате, отворене мреже3,

уз детал>но излагаше термодинамичке карактеризаци)'е гаса као и изво^ен>е

основних )едначина модела (енергетског биланса и биланса механичке енер-

ги)е). Као логичан наставак намеЬе се разво) метода за утвр!)иван>е протока

и притисака у мрежама сложене конфигураци)е, ко)и Ье бити укратко изло

жен у наставку.

БудуЬи да се потребна теори)ска основа стру)ан>а може наНи у радовима1-2

овде Не бити само иоменуто да )е за дефинисан>е термодинамичких каракте-

ристика природног гаса коришЬена 8оауе модификаци)а КесПкп-Клуоп^-ове

)'едначине сташа, фрикциони фактор )е рачунат помоЬу експлипитне релаци)е'

погодне за случа) високо разви)енс турбуленци)е, а непознат притисак на

)едном кра)у цеви, при задатом протоку и познатом притиску на супротном

кра^у, одре^иван )е симултаним решаван>ем 8КК (едначине и биланса ме-

ханичке енерги)е аналитични интегратьеног и експлицитно израженог по

масеном протоку1-2.
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РАЗВ01 МЕТОДЕ СИМУЛТАНОГ ОДРЕЪИВАВЪА МАСЕНИХ ПРОТОКА II

ПРИТИСАКА У ЗАТВОРЕНИМ ДЕЛОВИМА ГАСОВОДА

На местима где се у мрежи налази )една или више спрегнутих петл>и

(ие!.ъе са )едном или нише за)сдннчких цеви) по)авл>у)е сс проблем одре-

Ьивагьа массиих протока кроз но)сдине цсвне сегменте, као и расноделс при-

тнеака по чворонима обухваЬеним петл>ом. Обе класе нарамстара у непосредно)

су ме1>усобно) вези, па их )'с нсопходно симултано одре!)Ивати.

Све познате методе, па и она, иоменут проблем решава)у прпмепом

два КлгсЫюГГ-ова закона; првог (закона о одржан>у масе за сваки чвор у

кощ се улива 5 струна):

2С, = 0 (1)

1-1

и другог (закона иетл>е за сваку затворепу контуру саставл>ену од р сегмената) :

ад-р§) = о (2)

Ме1)утим за велику веЬину поступака потребно )е познавати експлицитн/

везу р{0). У противном, проблем одрег)иванъа дистрибуци)е протока и при-

тнеака поставе перешив.

}едан од на)стари)их, Сгозз-Нат-ов метод4, своди се на одре!)Иван.е

корекцИ)а протока (Д<?) за сваку петлу посебно применом апроксиматнпне

)едначине

Ь,Ь<Л|д,(/>

(3)

2 2*,|я«>|
. = 1

изведене из експлтщтног израза:

Р\- Р$ = кд}, (4)

и другог КпсЬНоГГ-овог закона.

И Кепоиагс! н Рагпе11-ов поступак развитей знатно касни)е4 представлю

нарн)аци)у Сгозз-ове методе и примегьу)е исте релащце али )е за случа) сло

жениях иет.ъи погодни)И )ер обезбс1)У]е брж-у конвергснци]'у.

Укратко, своди се на формнранъе система п линеарних )едначина у кощма

фигуришу корекци)е протока за и-спрепгутих пет.ъи коршнЬешем релаци)е

(3) и чшьенице да се протопи кроз цеви ко)е су за)едничке за две или више

петл>и коригу)у у два маха односно више пута.

5юпег-ов метод4 )е усавршаваше Сгозз-овог у смислу ушьучиваньа у

анализу компресорских станица, смештащог (резерьоарског) простора, вентила
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ii Ap., Te jc HHTepccaHTHHjif ca npaKTHMHO-iiHJKesbcpcKor acneKTa, ho, Tanotje,

ce sacHHBa Ha eKCiuiHnnTHHM n3pa3HMa rana (4).

KoHauHO, cnaKH npooneia pacnonene nporoKa Ha ocHony 3anaTHX npnracaKa

ilih oSpHyTO MO>Ke ce peuiHTii cjiopMHpaifeeM CKcreMa n HejiHHeapHHX jenHaqHHa

3a n MBOpoBa Mpe>Ke. FberoBHM peinaBaH>eiw Moryhe je o,npe/JHTH n iien03HaiHx

(npHTHcaKa hjih y,7a3Ho-H3Jia3HHX crpyja) 3anpaco, («— 1) Heno3HaTy jep je

tojihko He3aBHCHHX npoTOKa (npHTucaio), Te je jcnaH non,aTai< (nporoK H.TH

npnTHcaK) riOTpeGHO no3naBaTH.

Ochob nponenype h OBne je y onpel)HBaH>y KopeKHHje HHHHiijanHor yoiOBa

Ha 6a3H JiHHeapHwx pejiaunja o6nHi<a:

rn.e cy ca x 03Hanene npoivieHJbHBC BejiHHHHe a ca dFj(x)jdXi H3B03H jenHauHHe

KOHnrayHTeTa paMyHara na 6a3ii BpeflHocra npoMembHBHx npGHjenHX y npeT-

xoAHoj HTepaiuijH.

KoHa^iHO, i<ao h y cbhm npeTxonHHM Me-ronaMa HOBa BpenHOcr npoMeHJbHBe

ap6Hja ce npHMeHOM jennocraBHe penauHje:

CHcreM HejiHHeapHHX jen,HaHHHa pewaBa ce hckom on, HyMepH^KHx Merona

(Newton-Raphson-OBOM nana je flocTyrma np6pa npoueHa pe3yjiTaTa, hckhm on

KBa3H-Newton-oBHx nocrynai<a h cn.)-> a JiHHeapHe jenHanuHe ce HanoH onpe-

l)HBaH>a Koec})Hu,HjeHaTa y CHcreiviy (5) iwory peurara TaycoBOM ejiHMHHaintjoiw hjih

HeKHM CJIHHHHM ajiropHTMOM.

,0,aKJie, MO>Ke ce 3aKJtywrH na ce MHora on HaBeneHHX nocTynaKa CBone

Ha ynoTpe6y eKcnjiHHHTHe Be3e H3Mef)y npHTHcana h npoTOKa, a na ce KopeKunje

3anaTHX noieTHHX nonaTaKa onpeljyjy peiuaBan>eM eKcnnHHHTHHx anpoKCHMaTHBHHX

pcaauHja (nonyT H3pa3a (3)).

JXpyra rpyna Merona 3acHHBa ce na peinaBaiby cHcreivia HejiHHeapHHX jen-

Hamma y ipuby yTBpljHBana npHwcaKa hjih npo-moKa, a nai<OH Tora na onpe-

l)HBaH>y noTpeSHHX KopeKirnja peinaBaibeM jiHHeapHHx jenHanHHa THna (5).

y obom pany npefljiaH<e ce mcto/j ecJ)Hi<acHor onpe!)HBaH>a pacnonene npo

TOKa H npHTHcaKa, 3acHOBaH Ha pemaBaH>y cncTeMa oHonHKo jnineapmix jen-

nawHHa kojihko eneiweHTapintx neTJtH ynyrap jenne cnperHyre nocroju. IIocTynaK

je jeflHOcraBHHjH on cbhx no3HaTHX pHropo3HHx iweTona, a jenHaKo noy3naH.

ITpouenypa, Koja ce OB^e npenna>Ke, 6nhe H3Jio>KeHa Ha npiMepy cjiowene

neTJte (Ha en. 1) cacTaBjbeHe on. n neBHHX ceraenaTa h m HEopoBa.

Ha noHeTKy npopanyHa, a Ha 6a3H yna3HHX h H3na3HHX KojiiniHua raca,

npeTnocraBJia ce pacnonena npoToio h cAiepoBH crpyjaiba no cbhm rpaHaMa

y OKBHpy neTjBe, xai<o na 3aK0H o onpwaity Mace 6yne 3anoBon>en 3a cnaKH no-

je^HHaMHH HBop, iuto je penaTHBHO jennocraBHO y*-:HHHTH. OienehH Kopai< y

nocTynKy cacrojH ce y cerMeHTauHjH wpe>Ke Ha eneMeiiTapne neTJbe (KOHTypc)

(je^Ha 03 MoryhHx anTepKaTHBa npHKa3ana je Ha cn. 1).

n
 

(5)

*,(*+!> = XtU) + AXi (6)
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Слика I Пр1те

Општи облик сложене петл.е

Сепега! сопСдогапоп оГ 1Ьс сошр1ех 1оор

При томе се треба придржаиати слсдеЬих принципа:

— почетак (и кра]) сваке петл>е мора бити у чвору са позштнм (задатигл

или претходно одреценим) притиском;

бро) елементарних иетл>и треба да одговара бро|'у затворсннх ирсте-

нова ко)и посто)е унутар сложснс петл>е;

смер стру)ан»а флуида унутар петл.е одреЬу)у произвольно одабранн

смероыи у за)едничким гранама, т). ако )е одабран смер у )едно]

цеви ко)а припада )едно) елементарно) р пет.ъи и означен као пози

тивен, смер у друго) петляй ко)0) иста цев припада тиме )е одреоен,

тако да се смер стру]ан>а кроз за)едничку цев одржи константним;

— унутар елементарне пепл>е не може се два или више пута нроНи истом

„стазом" .

Знача)ан корак у дал>ем поступку )е одре1)иван>е притисака у чворовнма

К одабраних контура, а на основу претпостав^ених протока, познатих по-

датака за сваку цев и познатог притиска Ру )едном од чворова (нпр. 1), кощ

)е у претходно) фази одре!)ен.

Пошто )е притисак р<, ко)и сс утвр1)у)е након обиласка контуре «, функ-

ци)а протока у то] и осталим петл>ама важи:

йРг = \^йО{ 1 = 1,К (7)

т). у облику коначних разлика:

к

АР, = V Ар1 ДО; » = 1,К (8)

;=1

Ова) систем А' линеарних )едначина да|е могуЬност одре1)иван»а вектора

корекци)'е протока ДС;. Коефици)енте Д/></Д#; налазимо нумерички (прг-

ближно), при чему )е Др< вари)аци)а притиска р% после промене протока

О] за ДС;.

Применом управо одре1)ених корекци)а на почетну расподелу протока

(С?У-1) = с? У) + АО) долази се до нових вредности, чиме се завршава

прва итераци)а.
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riocTynaK ce noHaujBa, yeeK ca npei-xoflHO oppefyemm npoTOUHMa Kao no-

" HeTMHM vcjiobom, CBe ao nocTH3aH>a H<ejbeHe TamiocrH y Hajia>KeH>y npHTHcaio.

HYMEPHCAIfcE MPE>KE, nOflALjH H AJirOPHTAM

PAMYHAPCKOr PEUIABAH>A nPOTOKA H IIPHTHCAKA

CBaKy racoBojjHy Mpe>Ky HHHe iucbhh cerMeHTH kojh ce cnajajy, pa3flBajajy

win HaflOBe3yjy je/iHH Ha jipyre y T3B. *raopoBHMa. IlpH CBejviy tomc, cerMeHTH

Mory 6hth OTBopeHor THna (nonyT pa3rpaHaTor flpeeTa) hjih 3aTBopeHH y ejie-

MeHTapHe (ciiperHyTe) neTjte.

Ako ce npeTnocTaBH pa jc npHTHcan y jeflHOM op HBopoBa Mpe>Ke no3HaT,

oh ce 03Ha^aBa 6pojeM 1 , a 3araw HyMepimiy ocrajiH UBopOBH h rpaHe (Ha HaHHH

imycrpoBaH cji. 1) ohhm pe/jocjiejjoM kojhm he 6hth ojipe^HBaHH Hen03HaTH npn-

thchh. Tpe6a HanoMCHyTH pa cy y otbopchhm rpaHaiwa j«peH<e MaceHH npoToun

(pHKCHH h samara, aoK ce npHTHCUH y iioje/UHiHM MBopoBHMa oflpe^yjy ycno-

craBJbaH>eM ojjroBapajyher ojuioca p{G).

TpaHe h mbopobh yHyTap iieTjte HyMepHcaHH cy 6e3 noceoHe najKite y op-

Hocy Ha peflociea (jep cy 3a CBai<y neTJby yBe/jeHH BercropH ca flO/jaTHiiM hh-

cpopiwauHjaMa o oco6HHajwa KOHType).

IIIto ce TH^e civiepoBa crpyjaiba, 3a oTBoperoi aeo iwpewe ho3hthbhhm ce

CAtaTpajy cbh opHjeHTHcaHH op UBopa ca MaitHM va HBopy ca BehHM hhackcom,

Aok cy HeraTHBHH cynpoTHO opHjeHTHcaHH.

HaKOH HyiwepHcaHba h yTBpf)HBaH>a CMepoBa crpyjai&a caonuiTaBajy ce uopanu

3a pea.ra3auHjy npefljioweHor nocrynKa, Kojn ce Mory cBpcTara y cneflehe rpyne:

— noAauH Be3aHH HCKJfcynHBO 3a KOH(pHrypaHHjy Mpen<e,

— noflanw 3a CBaicy nojeflHHaHHy ueB,

— no,ijau,H o npHpoflHOM racy ((JwiyHzjy KojH CTpyjn),

-• ocrajiH noTpe6HH noflauH (pa3JMHHTe KOHCTaHTe, KpHTepnjyMH h cji.).

HHCpopMaunje o KOHCpHrypauHjH CBane neTJbe, ejieMeHTapHe hjih cjio>KeHe,

caflp>KaHe cy y MaTpHHH ueBH, MHja ce CBaKa BpcTa cacrojH op HHfleuca rpaHa

no peflocjiejjy peuiaBaita npHTHcana, BeKTopy 6poja ejiemeHTapHHX ncTJbH y

cbhm hhkjihmhhm crpyKTypaMa Mpe«<e no peflocjie/ry nojaBJbHBaita y racoBo^y,

h BeKTopHMa HHfleKca yna3HHX h H3Jia3HHX wBopoBa, 3a CBaKH neBHH cerjvjeHT.

Kafla ce nyTeM onncaHHX noflaTana flecpHHHiue KOHcpHrypaunja Mpewe

yHoce ce noflaijH 3a CBany nojeAHHamry ueB (jry>KHHe rpaHa, reo/ieTci<e bhchhc

MHjaMeTpH h MaceHH npoTOHH). Tpe6a noceSHO HarjiacitTH pa MaceHH npoToun

HMajy npefl3HaKe y CKJia/ry ca parole ycBojeHHAi cMepoBHMa crpyjaH,a, a a6or

MoryhHOCTH fla y TOKy HTepainija floI)e jio npoMeHe CMepa (yHyTap neTJbe), npn

CBaKoj KopeKHHjH npoTOKa Epura ce npoBepa o/ip>KaBaifea npeTxoflHor CTaita

hjih H3MeHe h yKOJiHKO je noTpeSHo HHrepBeHHiue npeno HH#HKaTopa CMepa

CTpyjaaa.

IloflaHH o npwpoflHOM racy Tpe6a pa caapwe, upe CBera, caciaae cbhx

crpyja Koje ce yjiHBajy y Mpency, i<ao H h»hxobc kojihuhhc Kphthhiuj napaMeTpn

(TeMnepaType H npHTHCHH), (paKTopH aueHTpHHHOCTH, HHTepaKHiioiiH napaMeipu

H MOJieKyjiCKe Mace CBaKe noje^HHe KOMnoHeHTe cMeiue HeonxoflHii cy noAaiui

3a oflpe^HBaH>e KOHcraHTH y jeflHaMHim cTaaa.

ITopefl Tora, Hynoio je pe3epBHca™ MecTo 3a ropanyHaTe BejiHHHHe, npe

CBera 3a BeKTop npHTHcaKa no cbhm MBopoBHMa Mpe>Ke, a 3araM MaTpmry napun



458 ЂУРИЂ и НОВАКОВИЋ

јалних извода система линеарних једначина (8), вектор слободних чланова

истог система, вектор стварних корекција и низ других вредности.

I START

DEKLARAC IJF. , DIMENZIJE ,

FTJNKC ■ NAREDBE , PODAC I

I

T.D. PRIRODNOG GASA

I

Ne

ODREDIVANJE

PRITISKA ZA PO-

JEDINACNU CEV

<

-( BROJ CEVI > ш J

DA

j protok konstantanT)

NE

[ KRAJ )

I ULAZTu PETLJU I

ODREDIVANJE PRITISKA U

SVIM CVOROVIMA PROSTIH

PETLJI IZ POCETNE RAS-

PODELE PROTOK A

| ODREDIVANJE dpj
 

ODREI1IVANJE PRITISAK^

U SVIM CVOROVIMA i-tePETLJE

Г

ODREDIVANJE aPj/SG .

VRACANJE PROTOKA U

1-toj PETLJI NA POCETAK

RESAVANJE SISTEMA LINEARNIH

JEDNACINA I ODREDIVANJE

STVARNIH KOREKCIJA

I-l.N

KORIGOVANJE PROTOKA U

i-toj PETLJI

Слика 2 Figure

Општи алгорнтам решавања расподеле притиска и протока

The general algorithm for solution of the distribution of pressures and throughputs
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Што се тиче алгоритма (генерално датог на ст. 2) рачунарског решавааа

проблема он мора да обезбеди: исправно кретанье дуж мреже, од првог до

последшег чвора, и реализаци)у разви)ене нумеричке процедуре, како са

аспекта утвр1)иван>а термодинамичких карактеристика природног гаса и ре-

шаван>а фундамснталне )едначине, тако и са аспекта примене поступака симул-

таног одре^иваньа расподеле масених протока и притисака у затвореним це-

линама мреже.

На бази предложеног алгоритма развитей )е програм у РСЖТКАМ-у

при чему су термодинамика природног гаса, притисци по човоривма по]еди-

начних цевн, односно петл>и и корекци)е масених протока уз контролу одржан>а

или измене смера стру)а1ьа, издво)енп у посебне целине.

ПОТВРДА МЕТОДЕ НА ПРИМЕРИМА

Разви)ени поступак успешно )е проверен на три примера. Као први

узета )е мрежа са двоструком петл>ом схсматски приказана на сл. 3.

 

Слпка 3 Н^игс

Расподела протока и притиска у мрежи са двоструком петлом

В15Гг1ЬиПоп оГ ргевзигея апс! 1пгоивпрш$ Гог 1Ье с!оиЫе-1оорес1 пе(«огк

Подаци о по)единачним ценима мреже дати су у таблици I. V таб;шци II

представл>ен )е нросечан састав гасне смете ко)а струщ кроз гасопод одрс^ен

на бази ко.чичина гасона унетих у мрежу и шихоьог састава.

Расподела притисака и протока (доби)еиа у две итеращце, при захтсвано]

тачности од 0,1 Ьаг) приказан )е на слици 3.
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TABJ1HUA I TABLE

noflaiyi 3a CBaKy ueB Mpe>Ke ca aboctpvkom neTJtoM

Individual pipeleg parameters for the double-looped network

UeB

Tube
Lt(tn) Z^rri)

G; (no^eTOH

1 80000 0,3 120 + 7,0686

2 40000 0,35 350 ^ 14,4316

3 75000 0,325 10 + 6,6366

4 45000 0,29 0 - 2,9314

5 50000 0,287 25 - 9,568

6 95000 0,3 100 - 1,2050

7 60000 0,33 15 + 7,795

TABJIHUA II TABLE

npocenHH cacTaB npHpoAHor raca 3a cbc npHMepe

Average composition of the natural gas for all examples

MaceHH % raca y npoceiHoj CMeuin

Bp. KoMnoHeHTa Mass % of gas in average mixture

I npmwep II npHMep III npHMep

No. Component Example I Example II Example III

1 CO 2 16,2

0,0

20,4 1,255

2 H2S 0,000 0,000

2,0393 N2 10,5 12,90

4 CH4 69,0 61,7 94,969

5 C2H, 1,6 1,9 0,419

6 C3H8 0,8 1,0 0,187

7 1-C4H10 0,3 0,3 0,106

8 W-C4H1Q 0,5 0,6 0,035

9 t'-CsHu oa 0,3 0,087

10 «-C5Hi2 0,2 0,2 0,087

1 1 C8Hu 0,3 0,3 0,209

12 C7H16 0,4 0,4 0,607

Kao apyrH npHMep y3eTa je Mpewa ca ^eTBopocrpyKOM nerjbOM (Ha cjihiui 4)

ca yjia3HHw npHTHCKOM (y MBopy 1) ofl 80 bar.

noflau.H o cBanoj noje^HHaMiioj hcbh npHKa3aHH cy y TaSjtHHH III. a npo-

ceiaH cacraB cMeuie Koja crpyjn npo3 Mpew<y aaT je y Ta6jiHu,H IV. HanoMHH>eMO

#a je y obom ciyinjy peiireifce nocTHrnyTo y ceAMoj HTeparjujH npn 3axTeBaHoj

TanHOCTH y oflpefjHBaiby npHTHCKa op, 0,3 bar.

Kao nocjieflH,H npHMep y3eTa je c.TO>KeHa Mpe>Ka cacraBJbeHa ofl OTBopeHHx

rpaHa, jeflHe jeAHOCTpyne H je/iHe TpocrpyKe neTjte, npHKa3aHa Ha en. 5

IIoTpe6HH noflaqH 3a peuiaBaH>e pacnc-Aejie p h G 3a oioweHy Mpe>Ky Ha

cji. 5 flara cy y TafiiiHUH IV. Hanc-MH&eMo Aa cMeuia Koja crpyin Kpo3 chctcm

HMa cacraB npe3eHTHpaH y Ta6jiHHH II h a3 je no3HaT npHracaK y HBopy 1 (pi = 50

bar).
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y ijHjiy HJiycrpaipije npoueaype 3a /ieo Mpe>Ke Ha en. 5 (TpocipyKy neT.T>y

ca qBopoBHMa 9 — 14) nocTynaK peuiaBaifca pacno^ejie npHTHcaKa Ha ocHOBy

no^erae pacnoflene npoTona Te KopHroBa&e npoTOKa h 0flper}HBaH>e HOBe pacno-

/lejie npHTHcaKa npHKa3aH je y Ta6jiKUH V.

13 kg/a

PN* 80bar aftSbar

(S)

(1)

.9,864. *g/«.

76.7651bar
V —

5,136 kg/a I ! « (4) II » 8,448 kg/a
I " S- 6,;42S kg/s y; \

* \ . "W" r' "5 (7) !

77. 49411fo--0.136 kg/a 75i.07tl5baf -2.443 kg/a 74.1*87bar

i

(8) f-5,00ft, kg/s IV i 1(9) III 10,884 kg/s

dir

75

3,442 kg/s 3

(12)

(8)

(10)

75.6366bar -0.001 EsTs 7T~ff445b«r -4.lR kg/a 71.S3^4bar

5 kg/a 18 kgY«

CjiHKa 4 Figure

Mpe>Ka ca MeTBopocTpyKoiw ne-nBoiw

The network composed of four loops

TAEJIHUA III TABLE

rioflauH 3a CBaKy ueB Mpewe ca HCTBopocTpyKoiw neTJbo.M

Individual pipeleg parameters for the second example

BE. w D<™ Z^ G<&7s)THH)

1 60000 0,30 100 10

2 50000 0,32 200 4

3 40000 0,31 300 - 5

4 40000 0,30 100 6

5 40000 0,35 200 9

6 60000 0,31 300 - 3

7 50000 0,31 100 - 4

8 35000 0,33 200 - 2

9 35000 0,30 300 5

10 35000 0,29 100 13

11 60000 0,31 200 3

12 50000 0,32 300 - 2

0™rjie«HO je fla cy 3a 3axTeBaay Ta*wocT (03 0,1 bar) y chHTOBa&y rrpHTHCKa

3a HBop 9 6HJie flOBcubue caiwo Tpn HTepaunje,
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P-50bar

 

2kg/8

45.0324bar 41.2926bar

(101 L

 

<{a.Z389bar

0

bar

(U)

(16)

15,993kg/6

14

5kg/«

CiTHKa 5 Figure

Cjio>KeHa Mpe>Ka — Complex looped transmission system

TAEJIHUA IV TABLE

rioAau.ii 3a CBaKy ueB cnoweHe MpeH<e H3 npiuviepa 2

Individual pipeleg characteristics of the complex transmission system

LleB

Tube
Li(m) D({m) Gi (nXWTHH) Gt (Kp) kg/s

1 80000 0,3 350 7,0685775 7,0685775

2 40000 0,25 280 - 7,9262316 - 7,9262316

3 75000 0,4 50 14,994809 14,9948090

4 45000 0,27 0 - 5 - 5

5 50000 0,39 150 15,994809 15,9948090

6 60000 0,35 - 30 9,994809 9,77

7 70000 0,40 0 19,994809 19,77

8 85000 0,25 90 - 6 - 6,225

9 20000 0,35 -100 25,994809 25,994809

10 100000 0,30 0 - 7,000 - 5,375

11 100000 0,30 - 50 8,000 9,664

12 100000 0,31 150 - 4,995 - 2,050

13 100000 0,35 0 12,995 -11,331

14 50000 0,25 120 - 3,000 - 4,281

15 120000 0,27 320 6,5 2,610

16 65000 0,285 6,495 9,104

17 100000 0,295 -100 - 9,500 6,891
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TABJIHUA V TABLE

I-lTepaTHBHH nocriinaK 3a aeo iwpo+ce Ha cji. 5 (-rpoerpyKy neuty) (popMnpaH Ha ocHOBy cpHTOBaiba

npHTHCKa y MBopy 9

Presentation of the iterative procedure for the triple loop

Bpoj HTepauHja

No. of iterations

Bapujaunja npoTOKa

Variation of flow

PavyHaT rrpHTHcaK y MBopy 9 («y)K TpH neTJbe)

(Tokh ce na p, = 30,6689 bar)

Calculated pressure of node 9

G(kg/s) I neTJfea

Loop I

II neuba

Loop II

III neTJba

Loop III

0

H3 noicrae pacnaneJie

From initial distribution

37,4552 29,185 40,8268

1

Gi = 2,661

Gii =-4,077

Giii = 2,881

31,4890 31,4524 30,5466

2

Gi = 0,321

Gh = 0,166

Gin =-0,311

30,7461 30,8399 30,9147

3

Gt =-0,037

G,i = 0,01

Gm = 0,039

30,6553 30,06629 30,6247

3AKJBYMAK

H3 CBera najio>KeHor oie^H 3ami>yHaK 33 je pa3BHjeH pHropo3aH, am

jcanocraBaH h noy3flaH iweTO/r 3a npaBH.iHO pacnoaejbHBaibe MaceHMx npoTOKa

y cerMeHTHMi jeflHocraBHHX H cjioKeroix neuBH, a Ha (5a3H h>hx Moryhe je oflpe-

r)HBaH>e npHTHcaKa no nojeflHHHM HBopoBHMa racoBOfla.

Ha OBaj Ha^HH #aT je flonpHHOC CHMyjiauHjH CTpyjaita CTHiiijbHBor dpjijHfla

y cTauHOHapHMM M30TepjwcKMM yaioBHMa h CTBopena 6a3a 3a orrrHMajiHo ynpaB-

;baH>e TpancnopTOM raca Ha BejiHKa pacrojaifca Kpo3 Mpewy cjioweHe KOHcpHrypauHje

HOfl BHCOKHM npHTHCHHMa.

Pa3BHjeH MeTOfl florryiUTa yKJbyqHBaibe y npoueaypy npoMeHe npHTHCKa

y Mpe)KH 36or yrpar)eHor pesepeoapcKor npocTopa, KOjvmpecopcKHX cramma,

MepHO-peryjiauHOHHX ejieivieHaTa hcji., Kao h 0flpH<aBaH,e npHTHCKa num npoTOKa

na oflper)eHHM MecrHMa y iieBOBo^y Ha jkcibchom HHnoy.

KOPHUTREHE 03HAKE - NOTATION

D — /(iijaMeTap ikbh — tube diameter (m)

G — MaceHii npoTOK - mass flow (kg/s)

g — KopaK 3a npoMeHy MaceHor npoTOKa — step of the change of mass flow (kg/s)

K — 6poj ejieiweHTapHjix KOHTypa y anoweHoj newbH — No. of elementary contours of the

complex loop

k — KOHCTaHTa ueBH tube constant (N2s'-/m10)

L — jry>KHHa ueBH - length of tube (m)

m — 6poj rpaHa — No. of branches

n — 6poj MBopoBa — No. of nodes

P no3HaxH npiiTHcai< y jeflHoro oa HBopoBa neTjfeii known pressure in a loop node (bar)
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р — стварни притисак — асша1 ргеззиге (Ьаг)

р — бро) грана у )едно) пст.ъи — пшпЬег оГ ЬгапсЬеа щ а 1оор

д — занремински проток — Уо1шпе По* (т3/з)

■ — бро) сгру)а ко)е се улива)у у (сдан чвор — пшпЬег оГ зсгеатз )01П1П8 т а поЛе

х — про.чешьипа — \апаЫе

я — висинска разлика за )едну цсв - Ье1({п1 ёШегепсе Гог а шЬе

п — (индекс) - на притиску 1,013 Ьаг и температури 288, 2К — (зиЪзспр!) ах ргеззиге

О! 1.013 Ьаг апд а( 288.2К

5 V М М А К У

5Ш1Л.АТЮМ ОР ЗТЕАОУ-ЗТАТЕ 150ТНЕКМАЬ ЫАТ1;КАЬ САЗ

РЬСЖ Ш ЬООРЕБ ТКАЫ5М155ЮЫ 8У5ТЕМ5

М1К1АЫА В1Ж]С а.к! М1СЮКАО Ж>УАКО\1С

Раси11у о/ ТесНпоЬцу, Цппагпгу о/ Л/оот 5а4, Уи-21000

N001 ЗаА, Уи^о$1агпа

Тгапзроп зипЫапоп оГ па1ига1 8^5 т сотр1ех и-апзгтззюп 5\;>1ет5, Гогтес! оГ 1оор1ез$

апс1 1оорсй рат, 1$ с1са11 *Пп. Рог 1пе тЛчМиа! р]ре1тез 1пе ргеззигез а1 1пе 1п1егтеЛаге

пос<ез аге скпуес!, а55штп|{ 1пгоивпр1Ш ю Ье согшаш, ипПе ргеззигез апс! 1пгоивпрш$ Гог

1пе 1оорз аге са1си1а(ес1 51ти1[апеои$1у. То зо1уе 1пе 1аиег ргоЫет а те1Ых1 15 ёе\'е1оре<1, Ьа5С<1

оп а $о1и(10п оГ а зулет оГ Ппеаг ециаиопз.

(Нссеи-ео1 6 ОесетЬег 1982>
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

ВиЬЬЕТШ БЕ ЬА ЗОС1ЁТЁ СН1МК2ЦЕ ВЕООКАО

48 (7) 465—471 (1983)

ОНОВ-932 1ЛЗС 669.15-194.3:621.78

Опцгпа! $сипп/к рарег

ПОНАША1ЬЕ МАКАОШО ЧЕЛИКА Ре-№-Со-Мо-Т1 ТИПА ПРИ

ВИШЕСТРУКО ПОНОВЛЪЕНОМ ЗАГРЕВАНЬУ

НАДАП.ВИДОТЕВИЪ,НАДАМ.НОВОВИЪ-СИМОВШг и БШЬАНА М. АНЪЕЛИЪ

Технолошко-мешалуршки факулшеш Универзишеша у Београду, й. йр. 494, 11001 Београд

(Примл>ено 7. марта 1983)

Да би се добио увид у механизам дифузионих процеса ко)и се одитра-

ва)у у склопу мартензитно-аустенитне трансформации е шагаете челика Ре-№-

С0-М0-Т1 типа, дилатометри)ске епрувете су подвргнуте вишеструко по-

новленом загреваау до одабране температуре двофазног (а Ь у) — подручна

и хла1)е1ьу до собне температуре. При томе )е брзина загреван>а дилатомет-

ри]ских епрувета износила око 300°С/Ь, а брзина хла^ен»а одговарала )е брзини

хла1)ен>а пеКи дилатометра. Анализа регнетрованих диференци)алних дилато-

метри)ских кривих >е показала да са порастом бро)а термичких циклуса за-

греван>а треба рачунати са све веНим обогаКнвашем присутног аустенита никлом,

а што се при хла1)ен>у манифесту)е снижавак,ем температуре започшьаньа н>е-

гове мартензитне трансформацн)е и сман,иван,ем одговара)укег дилатометри^с-

ког ефекта. Ово практично значи да са порастом бро)а загреван>а и хла!)ен>а

у структури испитиваног челика заоста^е све веЬа количина аустенита. За

примеаени режим загревааа испитиваног тагаё'пе челика претпоставл>ена )е

схема процеса дифузионе прерасподеле атома никла (и кобалта) измену при-

сутних фаза.

Познато ]е да се при мало) брзини загреван>а закал>еног тага^тд челика

Ре-№-Со-Мо-Т1 типа са порастом температуре одиграва)у следеЬи процсен:

старение у мартензиту, при чему долази до издва)ан>а финог талога интер-

металних фаза, по)ава феромагнетне -.'-фазе богате никлом и а-фазе са сма-

вьеним садржа)ем никла и образоваше парамагнетног аустенита са смешении

садржа^ем никла и повеЬаним садржа)ем кобалта. При томе последней пронес

доводи до дестабилизаци]е аустенита услед чега се он при хлаг)ен>у све пот-

пуни)е трансформише у мартензит1 3.

Задржава)уЬи се на процесу наста)ан»а аустенита треба истаНи да су

због ограничене брзине дифузи)е атома никла (и кобалта), као и велике раз-

лике у саставу а- и -'-фаза, дифузиони процеси ко)и су ев овим повезанн

веома сложени. Из овог разлога брзина загреван>а кроз двофазно (а 1 •-)

— подруч)е испол>ава битан утица) на стан>е аустенита на температури кал>с1ьа,

а тиме и на ньегово ионан1ан,е у процесу хла^еша4'5. У истом смислу делу)с

и поновл,ено загреванье челика до одре!)ене температуре двофазног (а | •-)

— подруч)а и хла1)ен>е до собне температуре0. Она) рад )е имао за цшь да

омогуЬи сагледаван>е дифузионих процеса ко)и се одиграва)у у склопу мар

тензитно-аустенитне трансформаци)е тагаЕМП^ челика Ре-№-Со-Мо-Т1 типа
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Ha Taj HaHHH urro je npaheHO AHJiaTOMeTpHjcno noiiamaifce HcrmTHBaHor uejuoo

y TOKy cBanor noHOBJbeHor uKKjiyca 3arpeBaH>a o^a6paHe Tejunepaiype abo-

(pa3Hor (a + '{) — noflpy^ja h xjiar)eH>a no co6He TeMnepaType, Kao h y TOKy

npoueca norayHe aycTeHHTH3auHje kojh je H3a OBora oieflHO.

EKCnEPHMEHTAJIHA TEXHHKA

3a iicmiTHBaibe je KopHiuhen maraging tejiHK* cjicneher cacTaua (%):

C - 0,008, Si - 0,09, Mn - 0,02, P - 0,002, S - 0,009, Al - 0,10, Mo - 4,68, Ni - 17,77,

Co - 7,28 h Ti - 0,51.

Ha 6h ce peajM30Bao nocTaBjbeHH mub Herpa>KHBaH»a aHJiaTOMeTpnjcKe enpyBeTe (G

3,4 >' 50 mm) cy 3ai<ajteHe ca 820' C Ha Ba3ayxy h 3arpeBaHe 6p3HHOM on, oko 300° /h no TeMnepa

Type ofl 725°C, a noTo.M xJiar)eHe 3aje;rHO ca nehu flMJiaTOMeTpa flo co6He TeMnepaType. Hcnn-

THBaHDeM je o6yxBaheHO ce^aM iiHKJiyca 3arpeBaH>a h xjiaheita.

3a cHHMaite flH^epeHunja^HHX flHJiaTOMeTpHjcKHx kphbhx KopHiuhen je Chevenard-oB

AHJiaTOMeTap ca maBOM HopMa.™e oceTJkHBOCTH, npn tjeMy je KoediHimjeHT noBehaiba tcm-

nepaTypHe oce H3Hocho 150, a KoetpHUHjeHT noBehaH>a jrywuHCKiix npoMeHa 300.

nOCTHTHyTH PE3Y-1TATH H IbHXOBA jmCKYCIIJA

Ha cjihuh 1 npHKa3aHe cy flwdpepeHUMjaiiHe flmiaTOMeTpHjcKe KpHBe pcrn-

cTpoBaHe npn 3arpeBaH>y 3aKaji>eHor HciHKa 725°C h xjiarjeiby #0 co6He TeMnepa

Type, Kao h y TOKy noHOBJbeHHX UHiuiyca aarpeEaita h x.>iar)eH>a. H3 obhx AHJiaTo-

MeTpajcKHX kphbhx o;rper)eHH cy : noyeTHH HarH6 KpHBe 3arpeBaiba a, n,y>KHHCKa

npoMeHa npn 3arpeBan>y A/z, Afg-TeivuiepaTypa, flHJiaTOMeTpHjcKH ecpeKaT aycre-

HHTHO-jwapTeH3HTHe TpaHcdpopwauHje A/m h yKynHa fly>KHHCKa npoMeHa npn

3arpeBaifcy h xjiar)eH>y A/u, a y ^aBHcuocTH o^ 6poja iniKJiyca 3arpeBaH>a h x.ua-

Ijeiba. J],o6HjeHH pe3yjrraTH n,am cy y Ta6jiHUH I.

TAEJ1HHA I TABLE

rioweTHH Harn6 KpHBe 3arpeBaH>a a, AywimcKa npoMeHa npn 3arpeBaH>y A/z, M5-TeMnepaTypa,

AiinaTOMCTpHjcKH etpeKaT y~M TpaHccbopMaunje A/m h yKynHa jjy>KHHCKa npoMeHa A/u y

38BHCH0CTH Ofl 6poja UHKJiyca

The initial slope of the heating curve a, the length change during the heating A/,., Afs-tempera-

ture, dilatomertric effect of y—M transformation A/m and total length change A/u in depen

dence on the number of cycles

Bpoj

UHKJiyca a
A/z ■ 10 3 M. A/M ■ 10"3 A/u • 10-3

Number mm °C mm mm

of cycles

1 32 5,50 178 2,82 - 2.83

2 16 -2,80 133 1,68 -1,07

3 7 -1,74 96 1,53 0,08

4 6 1,66 SI 1,30 -0,32

4 -1,37 69 1,02 -0,23

6 4 -1,37 56 0,72 -0,52

7 0 0,90 48 0,55 -0,57

* Onaj le/uiK HaM je craBiio na pacnojiaran,e Bojno-TexHnwn itHCTiiTyT y Beorpa/iy.

iia <ie.\iy ce 3axBaji>yjeMo.
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sot lit 300 200 100
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CnHKa 1 Figure

J^H(J)epeHUHjsume jtHJiaToiweTpii j che

KpHBe .iarpeuan.a maraging 'icm-

Ka Fe-Ni-Co-Mo-Ti Tima ao

725 'C h x.mhcu.a no coSHe Te.Mne-

paType (7 uiiKJiyca).

Differential dilatometric curves of

the heating up to 725°C and

cooling to room temperature of

the maraging steel of the Fe-Ni-

-Co-Mo-Ti type (7 cycles).

Ha jjHcpepeHUHjajiHoj flfmaToivieTpHjcKoj KpHBoj sarpeBa&a 3aKaji>eHor Me-

jiHKa ao 725CC H XJiar)eH>a (criHKa la) jacHO ce npn 3arpeBaH>y youaBajy TpH flH.ia-

TOMeTpHjcKe aHoiwajiHje M3pa>KeHe Kao KOHrpaKirnja, a noje cy, nao iiito je Beh

peneHO, nocjieflHua rrpoueca CTapeita y MapTeH3HTy — KOHTpaKunja I, HacTajaita

cpepojuarHeTHor aycreHHTa — KOHTpaKUiija II h iiacTajaH>a napaiwarHeTHor ayc-

TeuHTa — KOHTpaKUHja III. HcroBpeMCHO ce ca c.tHKe la 3ana>Ka j\a je xjiat)eH>e

HcnHTHBaHor wejiHKa no»ieB op, 178°C npaheHo /tHJiaiauHjoM, Koja ce noBe:»yje

ca 0flHi-paBaH>eM aycTeHHTiio-MapTen3HTHe TpaHcchopMauHje.

AHajnraa HHcpepeHHHjajiHHx anjiaTOAieTpHjcKHX kphbhx perncTpoBanHx y

Tony noHOBjbeHHX HHKJiyca 3arpeBaH>a h xjiafyeita (cjihio lb—g) noi<a3yje cjie/iehe:

— Ca noBehaH.eM 6poja UHKJiyca 3arpeBaH>a h xjia^eita iiomcthh naiHo

KpHBe 3arpeBaH>a ce ciwaityje noneB Ofl 32° y Tony npBor UHK.'iyca flo

0° y TOKy ceflMor innuryca. Obo noKa3yje ca je^He crpaHe, ^a Beh
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после нрьог загрспаньа и хла^епл закаъсног чешка треба рачунати

са извесном количином заосталог аустенита, а са друге стране да

се са сваким поновл>еним циклусом загреван>а и хла^еаа количина

заосталог аустенита повеЬава у полазно ) структури. Одавде се може

дагье зашьучити да се са повеЬаньем бро)а циклуса загреван>а и хла-

1)ен>а повеЬава степен легираности ирисутног аустенита, ко)и на та)

начин поставе све стабилнн]'и. Обзиром да )е у полазно ) структури

испитиваног челика спе ман>е мартензита, то )е са сваким новим

циклусом загревачьа и хла!)ен>а практично све манье новонасталог

аустенита. То )е и разлог што са порастом бро^а циклуса загреван>а

и хла1)ен>а дилатометриК'кс аномали)е повезане са нроцесима старен>а

у мартензнту и наста)ан>а аустенита поставу сне ман>е изражене. Уочене

разлике у понашан>у испитиваног челика са повсЬаньем бро^а циклуса

загреван>а и хлаЬежа има)'у за иоследицу и сман,ен>е дужинских

промена при загреван>у Д/ж.

Смшьен>е Л^-тсмпературе са повеЬан>ем бро)а циклуса загревааа и

хла^еша потвр1)у)е веЬ изражену констатаци)у о све веЬем степену

легираности аустенита кощ )е способан да се трансформише у шар-

тензит. Из овог разлога се са бро)ем циклуса загреван>е и хлаЬен>е

сман>у)е и дилатомстри]ски сфекат мартензнтне трансформащне,

обзиром да сс Х-»а^ен>е ^авршава до собне температуре.

- Укупне дужинскс промене Д/и испитиваног челика, регистроване по

завршеном хлаЬешу, прво се сману)у са нонсЬан>ем брсп'а циклуса,

а затим повеЬава)у. Уочена тенденцн)а промене Д/и последица )е

како ди'1атомстри)ских ефеката при загренаау, тако и ефеката при

хлаЬен>у. Због много бржег сман>пнан>а дужинских промена при за-

грснан>у у односу на промене при хдаЬен>у, заюъучно са треиим

циклусом загреваша и хлаЬеша практично до. тали до компензопажа

ових промена ко)е су иначе супротног знака, па се Д/„ приб.шжава

нули. Са дал>им повеЬашем бро)а циклуса загреваша и хлапеша Д/и

постепено расте, превасходно као последица дал>ег сман>ннан>а дила-

томестри)ског ефекта аустенитно-мартензитнг: трансформаци)е, а у ус-

ловима када се дужинскс промене при загреван>у Д/г веома маю

мен>а)у.

На основу ностигнутих рс:.ултата може се претноставитл следеЬа схема

фазних промена до ко)их долази у току вшнеструко поновл>еног загреван>а

испитиваног челика до одреЬенс температуре двофазног {% г у) — подручна

и хлаЬ(.н>а до собне температуре:

Полазни мартонзит (Мо) у коме \е при загреван>у кроз течиературно

подруч)С 508 — 583 С (подруч)е контракпи^е I — слика 1а) дошло до одигра-

ван>а процеса старен^а, трансформише с делом кроз температурно подруч)е

583 —647 С (подруч)е контракци|е II - ешка 1а) у никлом обогаЬену у-фазу

(уь,), а што доводи до сман>ен>а садржа]а ник:т у н>сму (А/в,):

Како )с као гранична температура загревавьа одабрана 725 "С, то се у

температурном интерналу 647 725 С (подруч)е контракци)е III — слика 1а)

мора рачунати са трансформациям новонастале М8, — фазе у никлом богати)н
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aycreiiHT (Ysib,), ho kojh je cxoaho MeTacraSHJiHOM /rnjarpaMy craiba Fe—Ni*

CHpoMauiHHjH hhkjiom o/i iipeixo/iHO CTBopeHor. ITpH TOivie ce cajipnoj HHKJia

y npeocra:ioj MapTeH3HTHoj cpa3H aajbe CMa&yje, na ce oHa Mowe 03H3mhth ca

M8lSl:

M8, =-> Ysib, + Afs.s,

Ha Taj HaMHH ce Ha TemicpaTypH 725°C y crpyKTypH HciiHTHBaHor MejiHKa oqenyje

npHcycTBo cjieAehHx cpa3a:

Ybu Ysib,) MBl9l

ITpH xjiat)eH>y jjo co6He TeMnepaType Bp.no je BepoBaTHO aa ce ybi brfJ5333

y noTnyHOCTH TpaHajwpMHiue y MapTeiiaHT, a yt, — cj)a3a cai«o aejiHMHHHo, TaKO

ga ce na co6Hoj TeMnepaiypH MOH<e pa*iyHaTH ca c;ieaehHM cf)a3RHM cacraBOM

HciiHTHBaHor nejniKa:

MBsSl, Afg.b,, Mb,, Yb,

O^aBAe je eBUnemna BejiHKa ;iH4)epeHirHjaiinja y cacTaBy MapTeH3HTHe (J>a3e.

CxoflHO H3jio>KeHOM, npH cBaKOM hobom 3arpeBaH>y Tpe6a oqeKHBara aa

ce H3 hhkjiom CBe 6oraTHje MapTeH3HTHe cpa3e crBapa aycreHHT ca CBe Behojw

KOHHeHTpauHjoM HHKna Koja 3na*iajHO npeMaiua caapwaj HHKJia y MapTeH3HTHoj

(})a3H. Ca apyre crpaHe, nojaBa hhkjiom CBe 6oraTHjer aycreHHTa ycjiOBjBaBa

npn xJiaije&y HacrajaHja CBe Maae kojihuhhc BHiue jiernpaHor MapTeH3ma, a

IHTO Ce MaHH(J)eCTyje CBe HH>KOM M8-TaHKOM H MaH>MM aHJiaTOMCTpHjCKHM e(peKTOM

aycreHHTHO-MapTeH3HTHe TpaHC(})opMan,Hje.

Kao noTBpaa npeTnocraBJbeHe cxeMe (j)a3HHX npoweHa Mory j\a nocjiywe

pe3yjrraTH aoSnjeHH npn nonryHoj aycTeKHTH3airH jh Ha 792°C AHJiaTOMeTpHjcKHX

enpyBeTa i<oje cy npeTxojxHo npouijie Kpo3 iiHKJiyc ce/jMOcrpyKor 3arpeBaH>a a°

725°G h xjia^e&a ao coSHe TeMnepaType, cjiHKa 2. 3axBajbyjyhH nocrojaiby

hhkjiom oobraheHor aycreHHTa OBaj ce npH xJiar)eH>y ca TeMnepaType noirryHe

aycTeHHTH3aiTHje ycneBa caMo aeJiHMHiJHO aa aecraoHJiHiue h oiyjja CMaH.en>e

A/m (4,32 • 10-3 mm) y ojiHocy Ha ecpeKaT KojH ce a°6nja npn anpeKTHOM 3a-

rpeBa&y nperaoaHO 3aKajbeHe flHJiaTOMeTpHjcKe enpyBere ao Here TeMnepaType

aycTeHHTH3auHje (5,28 • 10~3 mm). Ca apyre crpaHe, npHcyraa MapTeH3HTHa cpa3a

ca BeoMa hhckhm cajipwajeM HHKJia npejia3H y npaKTHMHO jeaHaKO jierapaHH

aycreHHT, MHja MapTen3HTHa TpaHopopMauHja 3anomm>e Ha BHinoj TeMnepaiypH

(370°C) y noper}eH»y ca Afs-Ta»rK0M (292°C) Koja je nocrHnryTa npn anpeKTHOM

3arpeBaH>y nperxoflHO saKajtcHe jntnaTOMerpHjcKe enpyBeTe ao 792°C h XJiar)eiiy

ao coSHe TeMnepaType4-7-8.

Ha Kpajy ce M0H<e 3aKjBynHTH aa je Ha 6a3H perHCTpoBaHHX aHJiaTOMeTpHj-

CKirx ecpenaTa 6hjio Moryhe npeTnocraBHTH cxeMy anc}>y3H0HHx nponeca KojH ce

oawpaBajy y CKJiony MapTeroHTHo-aycreHHTHe TpanccjiopManHje y jeaHOM BeoMa

cjioHtenoM cHcreMy KOMe npHnaaa HcnHTHBaHH maraging yejiHK. JIoSnjeHa npea-

craBa o nponecy Hacrajaaa aycTeHHTa y yciioBHMa Mane 6p3HHe 3arpeBait>a ao-

6po onncyje KaKO noHamaibe HciiHTHBaHor nejiHKa y nponecy H»eroBe aycTCHH-

TH3auHje, TaKO h npn xjiar}eH>y ao co6He TeMnepaType. TjieaaHO ca npaKTHiHor

OBaj cHCTeiw mnm ochoby cJio>KeHHjtr chctcmb KOMe nprnia^a HcnHTHBaHH lennK.
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C.uiKa 2 Figure

JlH<})epeHiiHjajiHeflHJiaTOMeTpHjcKe

npHBe MrpeBaita maraging we-

jiHKa Fe-Ni-Co-Mo-Ti Tiina no

792°C h xJiar)eH>a no co6He TeMne-

paType: a) nocne npeTxojrHor na-

jben>a h uHKJiyca ceflMocTpyi<or 3a-

rpeBaH>a flo 725 C h xjiar)etba no

coSHe TeMnepaType. b) noc.ie

npeTXo^Hor najbeifca.

Differential dilatometric curves of

the heating up to 792 C and coo

ling to room temperature of the

maraging steel of the Fe-Ni-Co-

-Mo-Ti type: a) after previous

quenching and cycles of seven hea

tings up to 725°C and cooling to

room temperature, b) after pre

vious quenching.

acneKTa, npaheae yrauaja noHOBJ&eHor 3arpeBaH>a no oflper)eHe TewnepaTj'pe

flBO(J)a3Hor (a + — noflpynja h xjiar)eH>a ao co6He TeiwnepaType Ha (pa3HH

cacraB HcnHTHBaHor maraging qejiHKa moms 6hth op, 3Ha*iaja 3a carne/raBaj&e

H»eroBor noHamaiba y 3ohh yrauaja TOiuioTe y rrpouecy BMuiecjiojHor 3aBapH-

BaH>a.

SUMMARY

BEHAVIOUR OF MARAGING STEEL OF THE Fe-Ni-Co-Mo-Ti TYPE DURING

MULTIPLE HEATING AND COOLING

NADA P. VIDOJEVlC, NADA M. NOVOVlC-SIMOVlC and BIJLANA M. ANDELlC

Faculty of Technology and Metallurgy, University of Belgrade, P.O.Box 494,

YU-11001 Belgrade, Yugoslavia

In order to obtain an insight into the mechanism of diffusional processes which occur during

the martensite-austenite transformation of maraging steel of the Fe-Ni-Co-Ti type, dilatometric

specimens were exposed to multiple heating to the chosen temperature of the two-phase (a -I- y)

— range and cooling to room temperature. The rate of heating of the dilatometric specimens

was x 300°C/h and the rate of cooling corresponded to the cooling rate of the dilatometric furnace.

The analysis of the recorded differential dilatometric curves showed that with the increase of

the number of thermal cycles of heating, an enrichment of the present austenite with nickel occurs.

This is expressed during cooling, by lowering of the temperature of its martensite transformation

beginning and reduction of corresponding dilatometric effects. This practically means that with

the increase of the number of heating and cooling cycles, in the structure of the investigated steel

remain increasing quantities of austenite. For the applied treatment a model of the diffusional

distribution of Ni (and Co) atoms between present phases is suggested.

 

(Received 7 March 1983)
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N,N'-TETRA(o-AMINOBENZYL)ETHYLENEDIAMINE
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and
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Abstract. The new ligand N,N'-tetra(o-

-aminobenzyl)ethylenediamine (TAMET) re

acts with dihydrogenpentabromoeuropium(HI)-

-18 hydrate (HaEuBrc 18HaO) to give the

sohdcomplex(TAMETHa)[EuBr5(TAMET)»] •

■7HtO. Analytical results, properties and some

physicochemical data are used for characteri

zation purposes.

The lanthanide ions are typical „A" type

cations in the Ahrland-Chatt-Davies sense, or

„hard" acids in the Pearson sense; so, their

complexes contain pure oxygen or mixed oxy

gen-nitrogen donors1. Chelates with pure nitro

gen donors are rare2. In our attempts to syn

thesize N,N'-bis (o-aminobenzyl) ethylenedi-

amine, used as ligand in a previous paper8, we

unexpectedly isolated the new ligand N,N'-tet-

ra(o-aminobenzyl)ethylenediamine (TAMET,

Fig. 1), which reacts with H»EuBrs- I8H2O

to give the very stable solid complex (TA-
METHj) [EuBr5 (TAMET)s] ■ 7HaO. This

communication describes the synthetic proce

dures and some properties of the above men

tioned compounds. . .

TAMET was synthesized via the correspo-

nitro derivative. For the preparation

of N,N'-tetra(o- nitrobehzyl) ethylenediamine

8.57 g (0.050 mol) of (o-nitrobenzyl) chloride

were dissolved in 50 ml of benzene. To the

solution obtained were added, dropwise and

H2C

with continuous stirring, 2.4 ml (0.036 mol)

of freshly distilled ethylenediamine under re-

fluxing conditions. The reaction mixture was

cooled at 0° for 40 h and a small quantity

of ethylenediamine hydrochloride was formed.

NH2

HlC\ ^

NHj

Fig. 1. N,N'-tetra(0-aniinobenzyl)ethylenediamine

(TAMET)

The resultant solution, after the filtration, was

evaporated until all benzene was distilled off.

To the remaining viscous oil 40 ml of ethyl

* Author to whom correspondence should be ad

dressed

** Present address: Department o Chemistry, Uni-

rersity of Ioannina, Greece
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acetate were added and a precipitate with m. p.

250° was formed; on cooling more crystals

were obtained. This precipitate was identified

as impure N,N'-bis(o-nitrobenzyl) ethylene-

diamine. After filtration the solution was evap

orate d to dryness and 5.4 g of a solid product

were collected. The solid was boiled with meth

anol and, after filtration, was washed with

small quantities of a concentrated solution of

sodium hydroxide. Finally the solid product

was recrystallized from acetone and dried at

the pump to give 3.3 g (yield 44%) of the

yelow appropriate compound (m.p. 185— 187°).

Anal. Calcd. for CsoH^NgOg (Afr - 600.59):

C, 59.99; H.4.71; N, 1 3.99. Found: C, 60.22;

H, 4.65; N, 14.53. IR(KBr, cm"1): vas (N02),

1505 sb; v,(NOs), 1352 s.

For the synthesis of TAMET 3.3 g (0.0054

mol) of N,N'-tetra-(o-nitrobenzyl)ethylenedi-

amine were dissolved in 50 ml of 98% ethanol;

to this solution 10 ml of aqueous 15% solu

tion of ammonium chloride were added. The

system was cooled to 0° and 9 g of zinc powder

were added, under stirring, during a period

of 15 min. The reaction mixture was refluxed

until no ammonia was evolved. The unreacted

zinc was filtered off and the obtained filtrate

was concentrated to 15 ml in vacuum. Then

water was added and a white solid was pre-

ciptated. The precipitate was filtered off and

washed with dilute sodium hydroxide and water.

The pale yellow solid product was recrystallized

from an 1 : 1 water- ethanol mixture and dried

in vacuum to give 2.4 g (yield 91 %) of TAMET

(m.p. 139°). Anal. Calcd. for CsoHssNe

(Afr = 480.65): C, 74.97; H, 7.56; N, 17.49.

Found: C, 75.00; H, 7.50; N, 17.49. IR(KBr,

cm-1): vM(NH3), 3420 s; v.(NH2), 3330 s.

UV(CH3OH,nm): 225 and 275 sh.

For the preparation of the new compound
H2EuBr5 • 18HsO, 0.40 g (0.0026 mol) of me

tallic europium were dissolved in 20 ml of

47% aqueous hydrobromic acid (0.174 mol

HBr). The resulting solution was at first evap

orated in a water bath and then under vac

uum, until dryness. The white crystals ob

tained were recrystallized from water containing

a small volume of hydrobromic acid and dried

in vacuum over P4O10 to give 1.49 g (yield

64% based on the metal) of the desired prod

uct. Anal Calcd. for HasOigEuBrs (Afr =

= 877.77):Eu, 17.31; Br, 45.52. Found: Eu,

17.30; Br, 44.84. AM(H20, 10-a M, 25°) = 21 1

S cm" mol"1. (Xefr(25°) = 3.44 BM. IR(KBr,

cm-1): v(0— H)w»ter, 3350 svb. The mass loss

calculated from the TGA curve in the tempera

ture region 50—150° corresponds to the re

moval of 12 moles of water. All the peaks

in the 50 — 380° range were designated as en-

dothermic (DTA studies). The superposition

of dehydration and decomposition of the com

pound above 150' leads to the absence of

a flat plateau on the TGA curve and makes

it difficult to calculate the hydrate composition.

For the preparation of(TAMETH2) [EuBr5-
(TAMET)s] • 7HaO 1.35 g (0.0028 mol) of

TAMET were dissolved in 200 ml of hot

absolute ethanol and to this solution 0.95 g
(0.0011 mol) of H2EuBrs ■ 18H20 were added,

under constant stirring. The solution was

refluxed for 1.5 h when turbidity appeared. The

reaction mixture was then cooled to —5° and

a small quantity of Eu(OH)3 was obtained

and filtered off. The ethanolic filtrate was

evaporated in vacuum to a small volume and

after cooling a new greenish precipitate appe

ared. The solid product was filtered off, dissolv

ed in methanol, concentrated to a small vol

ume, reprecitated by ether and, after filtra

tion, washed with copious amounts of ethanol

to give 1.46 g (yield 73% based on TAMET)

of the desired yellow complex. Anal Calcd.

for CooHmNisO? EuBr6 (Mr = 2121.57): C,

50.94; H, 5.90; N, 11.88; Br, 18.83. Found:

C, 51.03; H, 6.12; N, 11.59; Br, 18.65.

AM(CH3OH, 10-" M, 25°) - 294 S cm2 mol-1.

rier<25°) = 3.31 BM. IR(KBr, cm"1): v(O-H)

w»ter, 3550-3050 mvb; vas (NH2), 3420 s and

3240 s;v„(NH2), 3325 s and 3185 m;v(NH3+),

2800 mvb. Diffuse reflectance spectra4 (MgO,

ran):' Fo — 5D4, 363; 7Fo -> 5G6, 377; 7FC —

-►5G2, 384; 'Fo -» 5LS, 395; 7F0 - 5D3, 416;

7Fo -♦ 6D2 (hypersensitive), 466; 7Fo -» 5Di,

527; 7Fo-»5Do, 588. The TGA, DTG and

DTA curves show six endothermic steps with

mass loss in the range 50 — 280°, corresponding

to the mass of water and hydrogen bromide.

Strong exothermic peaks, observed above 380°,

are due to the various stages of decomposition

of the chelate.

The magnetic moments of the two

Eu(III) compounds show little deviation from

Van Vleck values, indicating thereby that 4f

electrons do not participate much in bonding5 ;

these electrons are well shieleded by the 5s25p»

octet. The IR spectrum of the TAMET com

plex shows bands indicative of protonated, coor

dinated and uncoordinated —NH2 groups

and, so, the formulation (TAMETHn) [EuBr5-
(TAMET)2] • 7H20 seems reasonable, if we

assume all the water molecules to be uncoor

dinated. The data presented here along with

investigation, already in progress in our de

partment, lead to the conclusion that ligands

like TAMET play an important role in the

stabilization of N-coordinated geometries

around tripositive lanthanide ions.

Analyses and most physioochemical meas

urements were carried out as previously re

ported5-*. Europium wasdetermined by atom

ic absorption spectrometry.
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H 3 B o n,

CHHTE3A H KOOP.H.HHAUHOHE OCOBHHE N,N*-TETPA(o-AMHHOEEH3HJI)-ETH-

JIEHJIHAMHHA

HHKOJIAOC n. EBMHPHflHC, UOH M. UAHTAPHC u CIIHPOC n. nEPJIEnEC*

XeMujctcu odceK, ymuepsuSuBi y Jantmu, Jantma u *JIa6opauiopuja 3a ueopiancKy xeMujy,

ynuBep3uiueiu y Tlampacy, Ilauipac, rptKO.

Hobh jmraaA N,N'-TeTpa(o-aMHHo6eH3HJi)-

-eTHJieHHHaMHH (TAMET) pearyje ca ahxh-

aporeHneHTa6po.MeyponHjyMOM(III)(HaEuBr5-

■18 H2O) flajyhH hbpcth KOMnneKc (TAM-

ETH2) [EuBr5] • 7 HaO. 3a KapaKTepH3aunjy

ynoTpe6jteHH cy aHaJWTiWKH noflauH, oco6HHe

H (J)H3IWK0XeMHjcK0 nOHMlMHiC.

(IIpHMJbeHO 5. anpmia 1983)
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1. УВОД

У свом исцрпном чланку ВсселиновиЬ1 )е врло рельефно приказао чи-

таву проблематику везану за теори)ску поставу и практичну примену )он-селек-

тивних електрода, посвеЬу)уЬи питан>у аиховог потенциала онолико, колико

)е на том месту било могуЬе. Како )е потенщфл }една од битних електро-

хеми)ских карактеристика електрода и како )е чшьеница, да )е начин примене

свих осталих )он-селективних електрода различит у односу на начин примене

стаклене електроде, цшь овог прегледног чланка )е покуша) одговора на нека

питала ко)а одатле проистичу.

Почетак проучаваша проблематике )он-селективних електрода, датира

кроз радове Сгетег-а2 и НиЬег-а и К1етепз1е\У1С2-а3 на стаклу, )Ош из прве

децени)е овог века. С друге стране, прве стварно употребление, у односу

на електродни потенциал реверсибилне, не-стаклене електроде, )ав.ъа)у се

тек кроз радове Рип§ог-а и сарадника4-5 са почетка шездесетих година. Вшис

децени)а разлике у разво)у стаклене и не-стаклених )он-сслектинних електрода,

има одраза на оно што се тим електродама данас зна како са теори)скс стране,

тако и са становишта н>ихоне иримене.
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2. ЕЛЕКТРИЧНО ПРОВОЪЕН>Е ЧВРСТИХ МЕМБРАНА

Подсетамо се, да се )0Н-селектазне електроде, конструктивно и по

сводим осйинама, могу поред осталог делнти на оне са чврстом и на оне сз

течном мембраной што и у )Сдном и у другом случа)у представлю вънхоьу

елсктроактивну компоненту. У прилазима проучаван>у потснщпаш ко)и ее

успоставлл на додирно) поправши фаза е.тектроде (т). н>сне чврсте или

течне мембране) и раствора, мада посто)и извесна сличност, посто)е и одре-

1)ене разлике ко)с се могу обиЬи. Ни)е идентично ни разматран>е питаша

потенциала исюьучиво чврстих мембрана очигледно )е да у механизму

прово!)ен>а стакла као сензора веома високе електрнчне отпорности ко)а се

мери стотинама М12 и прово!)ен>а нпр. А#г5 као сензора нолупроводничких

особнна отпорности око стотинак И, посто^и велика разлика. О механизму

прово1)ен>а стакленс мембране, много )е до сада писано и истини о томе, данас

смо много ближи него пре неколико дсцени)а. О механизму провоЬси>а чврстих,

нс-стаклених мембрана ипак се маше писаю и управо том питан>у посвеНен

|е ова) преглсд.

Када )е рсч о не-стакленим мембранама селсктнвних електрода, оне

представл,а)у макро или микрокрнсташе структуре. Основни предуслов за

1ьихову применл>!1вост )е нераствор,ьивост таквог )едшьевьа као и способноет

да елсктрично проводи. Чак и када )е у питаау стакло, реч )е о сензорском

)едивъен>у — мешовитом силикат)'. Сензори осталих )он-селективних електрода

такоЬе су )един>ен>а ко)а, за разлику од стакла, нису означена сво)ом аморфном

модификациям. МсЬутим и веома урс^ена кристална структура не значи

да )с и савршена, а када се има на уму да су )един>ен>а на)чешЬе макар и у

на)ман>ем износу нсстгхи<->метри)Ског састава, бива )асним да се код кристалних

сензора чврстих мембрана, но правилу увек ради о веЬим или мавьим дефор-

маци)ама кргсталне решетке. Присуство )едне сд компонента )един>ен>а у

вишку представлю Ргепке1-оьу деформаци)у решетке, док )е присуство упраж-

н>ених, тли. „вакантих" места познато под именом 8сНоику-еве деформаци)е

кристала.

Код крнсташе решетке чи)е су компоненте )они, Ргепке1-ове одн.

8спопку-еве деформаци)е карактеристичне су за ншхове полупроводничке

особннс8. Познато )е да „тунелиранл" Ргепке1-ових интерстици)алних врсти

проз меЬупросторс крнсташе решетке под утнца)ем наметнутог електричног

полю сила, одн. крстан>е 8сНоику-евог „гаса празнина" у таквом пол>у, изазива

„р" одн. „п" нронг!)сн>с полупроводника и да комбинашке р — п — р или п — р— п

оьих представлю уреЬа) познат под именом транзистора. Да не би било за-

буне, потребно )е истаЬи да се под по)мом транзистора у електротехници,

не подразумева)у крнстали )един>еню (ко)и се иначе понаша)у као „чвретн

раствори електро.чнта"), веЬ дотшнгонани кристапи елемената (силици)ум или

германи(ум). МеЬутим, асоци)аци)а )он-селективних електрода на транзисторе

ипак има сног смис.та, по;пто су данас веЬ познати уре!)а)и, )он-селективни

снетеми, под имиюм 18РЕТ (1оп-8СП81П\-е р1еЫ ЕГп?а Тгап$15Т.ог5).

По с ю]"."1м гсоб::иама, (он-сслективне електроде спада)у у II или III

врсту, а ]одн:1 <д плустратипних подела7 електрода у електрохеми)н )есте

и слгдсЬа:

1'.к ктроде 1 прете: )сдна додлрна иовринша фаза метачна електрода /раст-

'л р (ММ1). Пример: Ар 'А^* .
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Електроде II врете : две додирне површине фаза — метална електрода/од-

говара]уЬа тешко растворна со /раствор (М/Л^Х^Х1-). Пример: А§/А§С1/С1~.

Електроде III врете: три додирне површине фаза — метална елек-

, трода/одговара)уЬа тешко растворна со/друга нерастворна со/раствор

(М7М'|Х1/М"^/М"Н). Пример: РЬ/РЬ804/Са804/Са2+.

Битна разлика измену електрода I врете с )едне стране и електрода II

одн. III врете с друге стране лежи у томе, што )е на додиру фаза чврсто/течно

са стране чврсте фазе присутна метална кристална решетка код електрода

I врете, а )онска кристална решетка код електрода II и III врете. У првом

>- случа)у ради се о условним )онима метала ко)И су ,обливени' електронским

гасом (електронско прово^еае), док се у другом случа)у ради о стварним

)Онима окружении сво)им контра-)онима ()онско прово^ен,е захвал>у)уЬи на)-

чешЬе Ргепке1-овим деформаци)ама). Став о (единичном активитету „]она"

у метално) кристално) решетки не важи и у случа)'у )она 1онског кристала.

Произилази отуда да се познати Ыегпзг-ов израз за електродни потенциал

метала у раствору кореспондентних ]Она, не може без измена примени™

и за случа) електродног потенциала (онског кристала )един.ен>а у раствору

сво)е кат)онске или ан)'онске врете.

На)зад, могуЬ )е и случа), да она) део система електроде II одн. III

врете у коме се оствару)е електронско прово!)ен>е, не буде исюьучиво метал

кореспондентан саставу тешко растворне соли, веЬ ман>е или више племенити)и

од овога, као што )'е могуЬе да та) део система ко)и оствару)е електрични

контакт измену сензора и кабла за мерни инструмент, буде графит. На додиру

таквих два)'у различитих чврстих фаза успоставиЬе се различити дифузиони

потенци)али кощ Ье поред мембранског потенциала на додиру фаза чврсто/

/течно течно (сензор електроде/електролит) утицати на укупан потенщп'ал

)'он-селективне електроде. Та) укупан електродни потенциал представл>а иначе

алгебарски збир свих парщфлних потенциала образованих на додирима

два)у различитих фаза без обзира на иьихово агрегатно стан>е. На)зад, )асно

)е да износи парци^алних потенциала у систему )он-селективне електроде,

зависе од логаритма активитета врсти са )едне и друге стране додирне повр

шине фаза и да би се било каква израчунаваша могла провести, потребно

)е те активитете и познавати.

3. ИЗРАЧУНАВАШЕ ПОТЕНЦЩАЛА ЧВРСТЕ МЕМБРАНЕ

Колико )е нама познато, у литератури су описана два суштински раз

личите прилаза израчунавашу електродног потенциала чврсте мембране

не-стаклених )он-се.чективних електрода. У првом случа)у 8аю8 одн. десетак

година касни)е Виск и 5псрагс19, примен>у)У у основи Кегпкх-ов израз нодеЬи

рачуна о активитетима врсти и у течно) и у чврсто) фази. У другом случа)у

КоеЬе110 израчунава потенциал на додиру фаза прско СНЬЬя-ове енергн)с

формираша одговара^уЬег )едшьен>а и посто)еЬих термодинамичких релаци^а.

Чишеница )е ме!)утим, да се до извесних, за ова израчунаваша потребних

термодинамичких података, не долази )едноставно стога што се не налазе

у свим одговара)уЬим едици)ама.
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Као што |с напред речево, акгивитет кояповената )онске кристалле

ргшгтк2 за разлику од кристалле решетке «стала, не хора бита раван )е-

щчяци, П1 с; у такзош с»/ча)у, акгивитет кояпоасяата чвр.те фазе (означен

а а*) ЯУЖ1 Ифлуната нргко равнотежве константе реакци|е формирааа

пкчирнгг )гдлч.?н>1 из ел *мпита при н»яховом (единичном активитету.

Уг»з> Г1) пэдиак нч]т свуда дэсгупан, па ве овд: бита приказан начин

Д| с; Д) н>паа дэг): пргко података о енергтци форчиран>а ДО) ко\л се иначе

лако ноже наНи у литератури.

Познала термодинамичка релашма измеЬу хеявдског потенциала и ак-

тивитета врсти:

и -= |хв -г 2,3 Л Г 1од а

у в:зч )е са 01ЪЬ»-овом енерпцоя преко )еднакостн:

5Х - — ЛС

оджл; се, преко података о износу АС, .ноже израчунати 1о§ а.

С друге стране, за р?акци)у фэрмиран>а нпр. С<15 из елемената:

Са + 5 ^ 013

константа равнотеже при (единичном активитету полазних учесника, има

изглед :

„*

К^5 = - одн. 1од = \о% а^5

па )с отуда: Деля = 2,3 КТ\оца^3

За случа) овог )един»ен>а чи)а )е енерпф формираша

ДС2М<! (298) — — 140582 }'пк>1, комбинациям ових )едначина лако се изра-

чунана да )с:

1о8 К^э - 24,69.

За и:фачупапа1ьс потенциала )он-селективних електрода чврстих мем

брана ко)а Ьс у дал>см тексту бити по)едноставл>ено и изводно приказана,

она) )с нодатак од изузстног знача)а.

3.1. Носшуйак израчунавшш йошенцщала йо 8аю-у

Она) аутор иосматра искл>учиво сулфиде разних елемената са стано-

шита н.ихоних иолупронодничких особина, дакле узима)уйи у обзир активн-

ютс нрпи у чнрето) фазн сензора (аД и а*) као и активитете тих врсти
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у раствору [а (м'+) одн. а (з2-)] за сулфиде типа ЛЛ^. Контактни ма

териал кристалног сензорског сулфида са каблом за инструмент, )есте или

одговара)уЬи метал или сумпор (условно речено) што зависи од нестехио-

метри]е самог сулфида у )едном одн. другом правду. Ме^утим, управо од

тога ко)ом )е сводом компонентом посматрани сулфид пресиЬен (Ргепке1-ова

деформащф кристалне структуре) зависи активитет а* оне друге компоненте

тог )едшьен>а. Произилази дакле, да овде треба разликовати два случала.

Независно од тога, сензорски кристал може да се налази у раствору свом

саставу кореспондентног кат)она или у раствору сулфида одакле произилази,

да и овде треба разликовати наредна два случала.

Узима^уЬи све ово у обзир, општи облик модификованог Ыегпзт-овог

израза кога аутор изводи у свом чланку, може како то ми видимо да се при-

каже и у следеЬем облику:

с- 1 /дто/ ш °'0591 Д(мд+) , и, , 0,059 а(Х«)\ ...

Ем,Х] = — Е\м)+Ы) + — 1оё — 1- > 1од —.- (4)

2 \ ] ам * «х /

5аго-ова )едначина за потенщфл )он-селективне електроде са сензором

састава М\Х^ без обзира о каквом се кристаллом )един>ен>у ради, )асно ука-

зу]е да )е по схватан>у овог аутора потенциал такве електроде )еднак половини

алгебарског збира удела кога чине кат)онска и ан)онска компонента сензора,

свака за себе. Активитети врсти у чврсто) фази израчунава)у се преко податка

о константи реакщф формиран.а )един>ен>а (Ад^х/)» а активитети врсти у

раствору преко одговара^уЬег производа растворл>ивости (А"м1'Х/)-

Тако, селективна електрода са сензором Са8, може да покаже четири

вредности свог стандардног потенциала веЬ према томе да ли )е нестехио-

метр^ски кристал пресиЬен кадми)умом или сумпором и да ли се налази

у раствору кадми)ума или сулфида )единичних активитета.

Подаци потребни да би се ове вредности електродног потенциала из-

рачунале, Су следеЬи:

ЕО (са,са2+) = - 0,403 V; Е0(8/3* ) = - 0,480 V; рК^8 = 24,69; рКсаз = 27,22

/ случа). Кристални Сс15 пресиЬен )е кадми)умом (а^А = 1) и налази

се у раствору Сё2^ )она (а (са21') = 1)-

Преко рК^.аз израчунава се да )е у овом случа)у 1о§ а$ = — 24,69,

а преко рКсав да )С 1од а (га2') = — 27,22 па се уиошен>ем ових података

у )едначину (4) доби)а:

Е$хЯ = 1 ( - 0,403 - 0,480 + 0,075) = - 0,404 V

II случа] Кристаши Сс1$ пресиЬен )с кадми]умом (а^А — 1), а налази

се у раствору 82~ )она [а(з2~) = 1].

Активитет сумпора у чврстоЦ фази оста)е исти као горе (1о§ а| —

= — 24,69), али се сада преко производа растворл,ивости израчунава да

)е 1од а (са2+) = — 27,22, па се уношен>ем у )'едначину (4) добила:
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Ь'о15 « - ( - 0,403 - 0,803 - 0,480 - 0,728) = - 1,207 V

/// случа). Кристаши Сс15 пресиЬен )е сумпором (а$ = 1) и налази

сс у раствору С<1"2 )она [в(с <12') = 1].

Прско рК^ь израчунава се да |е сада 1ор а^л = — 24,69, а преко

рКсля да )С 1ор а (а2 ) - - 27,22. КоришЬеаем (едначине (4) доби)а се:

Ьса& " ! ( - О'403 ~ °>728 " °>480 ~ °'803) = °>324 У

IV случа]. Кристални Сс55 пресиЬен )е сумпором = 1), али се овога

пута налази у раствору 52 )она [а (<*2 ) = I].

Активитст кадми)ума у чврсто) фази исти )е као у случа^у III (1од а<^ =

24,69), а преко р/Ссая израчунава се да )е сада \о% а (са2~)

- 27,22 па се уношен>ем у )едначину (4) добила:

ЬЪхв = ' ( - 0,403 - 0,075 - 0,480) = - 0,479 V

Подаци израчунати у ова четири случала, у сагласности су са онима

ко)е 8аю табеларно наводи у свом чланку, мада \е прилаз израчунаванл

нсшто другачи)и.

Овдс )е иначе занимгьиво ириметити, да )е половина алегебарског збира

нрпог и трсЬсг члана ]сдначине (4) константа и да нредставл>а имагинарнн

сгандардни потенциал, ЕО (сая/са2*/ з2~) = — 0,441 V. 8аю иначе ова)

нодатак тако1)С наводи и ако )е нестваран — ово стога што би то значило

елимииаци)'у другог и четвртог члана )едначине (4). Како )е у чврсто 1 фази

нског )сдшьс1ьа немогуЬе истовремено имати )единичне активитете обе)\

компонснти и како )с у раствору тешко растворне соли немогуЬе истовремено

обезбедити максималне концентраций и кат)Онске и ан)онске врете, ова)

УСЛОВ НИ)С ИЗВОДЛ.ИВ.

3.2. Постуйак шрачунавшъа йошенцщала йо КоеЬе1-у

Прилаз израчунаваньу потенци)ата )он-селективне електроде са чврсто.м

мембраном и чнретнм унутрапньим контактом („а11 зоНё $И(е") кога чини

она) аутор, суштински )е различит од претходног. Посматра)уЬи систем:

раствор / сензор / контакт

Е\ Е2

очигледно )с да Ьс сс на скаком додиру фаза успоставити одговара)уЬи по

тенциал условлен активитетима врсти с )едне и с друге стране доднра и

да Ьс потенциал посматраног система, Е бнти раван атгебарском збиру пар-

цн)алних потснци)ата Е\ и Е>.
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Потенци)ал /а очигледно )е нернстовски завистан од логаритма односа

активитета ме!)усобно кореспондентних врсти овим двема фазама и израчунава

се како се то и иначе чини за електроде II врете. Ме1)утим, на вредност по

тенциала Е-г имаЬе утица)а то, каква )е природа контакта измену сензора

и кабла за инструмент. Свакако, контактни матери)ал не би требало да буде

ман>е племенит од кат)онске компоненте сензора, да би се избегла електрохс-

ми)ска корози)а овог у „чврстом електролиту" )онског кристала. Уколико

се на додиру ових два)у фаза примени племенити)И метат или пак графит.

хеми)ски потенци)али компонената у )едном одн. другом случа)у неЬе бити

)еднаки. Питаше избора контактног материала )ош )е знача)ни)е, када се

има на уму нестехиометри)а сензора ко)а )е практично увек присутна*.

КоеЬе1 стога, са становишта СНЬЪз-ове енерги)е формираша, разматра

термодинамичку оправданост евентуалних хеми)ских измена на додирно) по-

вршини сензора са електронским проводником, узима)уЬи као могуЬи контак

тни матери)ал: 1. метач коеспондентан саставу сензора, 2. сребро и 3. графит

као инертан електронски проводник.

Мада КоеЬе1 не разматра случа) када се сензор )он-селективне електроде

налази у раствору сулфида веЬ само у раствору кореспондентног кат]она, ми

Ьемо и то узети у обзир. Уколико се поново посматра Сс18, могуЬе су следеЬс

комбинаци)е ()единични активитети врсти у раствору):

Груйа А

I: Сс12,/Сс18/Сс1 II: Сс12+/Сс18/А8 III: С<12,/Сс18/С

Груйа В

I: 82/С(18/Сс1 II: 82/Сс18/Ав III: 52 /Сс15/С

]асно )е, да Ье сва три потенциала Е\ групе А бити мс1)усобно нети,

као што Ье и сва три потенциала Е\ трупе В бити исти, разлику)уЬи се, разу!мс

се, од таквих потенци)ача трупе А. Према томе, за сваку трупу, мс^усобпо

различите вредности испол^аваКе само потепци)али Е> и то у зависности од

примс*ьеног контактног материала.

Потенциал Е\ трупе А

Активитет кадми)ума у чврсто) фази СМ8 (ко)и иначе, као што )е познато,

истюл>ава полупроводничке особине и електронско нровоЬсшс), може се смат-

рати )единичним (а^а = 0» а "Г11 (единичном актинитету кадми)ума у рас г

вору [ас,|2» ) = 1), потенциал система С<12н /С<1 равна )е вредности ЕО (са2'1сл),

па )е отуда,

Е\ - - 0,403 V.

* Када су у питанл' сензорски сулфиди н уколико се они доби)а)у методом та.южен л

у не-редуку)уЬо) ат.мосферн, .чбог оксндаци)с ваздушним кисеоником, такни су тало:«и

упек у пеЬо) или маи.о] мери прсснЬенн сумпором.
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Потенциали Ег групе А

I случа)

На додиру Сс18 са контактним кадми)умом, због могуЬе пресиЬености

сулфида сумпором, може да се образу)е Сс18. Разлика слободне енерги^е

(ДС)кристалног Сс15 и новоствореног СМ8 равна )е нули, па се из познате

релаци)е:

ДО = - г Е Е

израчунава да )е Ег = 0. Отуда,

Есл$ = - °>403 + 0 = - 0,403 V.

II случа)

Чшьеница )е, да )е слободна енерпф формирала А^28 на)ман>е нега

тивна у односу на све остале сулфиде. Отуда се из разлике ДС — ДС^ аз

(298) - Д(^„25(298) = - 140582 .Пто1 - (- 39162 1/то1 =-101420 1/то1 и

веЬ гюмснуте релацще измену слободне енерпф и ЕМС налази: — 101420

У = - 2 • 96500 ] ■ Е, па )е Ег = 0,525 V. Сада )е

_ _ о,403 + 0,525 = 0,122 V.

III случа)

Графитни контакт не изазива хсми)ску измену на додиру са сензорским

Сс18, па )е разлика слободних енерпф ДС? = — 140582 — 0 1/то1.

Израчунава се дшье да )е — 140582 ] — — 2 • 96500 ] ■ Е, одакле \с Е> =

= 0,728 V. Сада )е:

Ьо1з = - °>403 + °'728 = °'325 у-

Ови су подаци у сагласности са оним, ко)е КоеЬе1 табеларно наводи.

Потенциали Ег групе В

При (единичном активитету кадми)ума у чврсто) фази сензорског крис

тала Сс!8, преко равнотежне константе формираньа Сс!8 (1о^ /г^8 = 24,69,

в. оде.ъак 3), израчунава се да )е а| = Ю"24-89. Отуда, за систем 82 /8.

применом Кегп51-овог израза и при а (*2 ) = 1, налазимо да )е:

Ех = - 1,208 V

Потенциали Е-> групе В

I случа)

Ова) )е потенци)ал идентнчан као код А1 и износи Ег = 0. Отуда
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Е^5 = - 1,208 + 0 = - 1,208 V

II случа)

Потенциал идентичан као код АН и износи, Ег = 0,525 V. Отуда:

Е^5 = - 1,208 + 0,523 V = - 0,683 V

III случа)

Потенциал идентичан као код АШ и износи, Е% = 0,728 V. Отуда:

Ясик = - 1,208 + 0,728 = - 0,480 V

Као што )е веН поменуто, ове податке КоеЪо1 не израчунава. Ме1)утим,

вредност #саз = ~~ 1,208 V (контактни материал кадми)ум) и вредност

Е$*л& = — 0,480 V (контактни материал графит), у сагласности су са по-

дацима ко)е наводи 8аю. Ова) аутор иначе на разматра питание сребра као

контактног материала, па отуда податак Е'^л8 = — 0,683 V нема потврду

у литература.

3.3. Посшуйак израчунавшьа йошенцщала йо Виск-у и 8Ь,ерагй-у

У свом раду ови аутори експериментално потврду )у и теори)ски раз

ращу, )ош од стране Рип§ог-а и сарадника уочену потребу за нестехиоме-

три)ом сензора )он-селективне електроде. Полупроводничко понашан>с ]'онских

пристала на основу Ргепке1-ових деформаци)а решетке о чему )е било речи

у одел»ку 2, условило )е и шихов приступ израчунавашу потенщ-фла ко)и

очигледно, суштински не одудара сувише од 8аю-ових ви!)ен>а истог проблема.

1он-селективна електрода чи]и )е сензор увек тешко растворна со,

може да се налази било у раствору свог канона, било у раствору свог ан)она

при чему тада, концентраци)а кат)она одн. ан)она може да парира од на)вшипх

до на)'нижих вредности. Стога, Виск и 5псрагс1 одво)сно разматра)у ове две

могуЬности водеки рачуна о активитетпма врсти ко]е су ме!)усобно корес-

пондентне и у точно) и у чврсто) фази. Уважава)уЬи КоеЬе1-ова становишта

о непрнхватлэивости као контактног материала, метала ко)и )е маше племеннт

од кат)онске компоненте сензора, сво)а израчунавак>а базира)у на преси-

Ьености сензора било метаном, било немета.юм. Тако, уколпко )е контактни

материал метал кореспондентан сензору или од овог племенити)и, рачуна)у

са )едшшчним активитетом метала у чврсто ] фази (ам = 1); уколико )с

пак као контактни материал применен графит, тада )е актнвитст неметала

у чврсто) фази (ах) раван )единици. Прсма томе, потенциал )он-селсктивнс

електроде са сензором М,Х; дефинисан )е изразом:

Г ГП, 1 > °'059!Ьмх) = &<»(м; /м) ' 1о^

) ам

у раствору свог кат)она, одн. изразом:
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„ 0,059, а(х")

у раствору сиог ан)она.

Онда када )е сензор нресиНен металом (аД — 1), из вредности ^Д,х,

израчунава се ; када )е контактам материал графит, тада )е сензор ире-

сиЬен неметалом, па |е - 1 а из К^х) израчунава се аД.

Узима)уЬи у ноступак попово сснзорски Сё8 и рачуна)уЬи са подацима

ко)И су веЬ приказани, доби)Э)у се следеЬе вредности стандардног потенциала:

раствор контакт

а ((-(12+) — 1 С(1 или Ар графит

- 0,403 V 0,325 V

односно,

раствор контакт

а (в2 ) — 1 Сс1 или Ар графит

ЕпЫь - 0,207 V - 0,480 V

Као што се внди, посто)и иотиуна подудардност по)единих вредности

стандардног потенциала )он-селективнс електроде са сензором Сс15 и чврстим

унутраппьим контактом, а ко)е су израчунате овим различитим поступцима.

Вредно )с иодвуЬи да све теорийке вредности има)у и сво)у експерименталну

потврду. Л1е1)утим упраьо то, што исти сензор у истом раствору примарних

(она али у зависности од унутранньег контакта ноказу)е различите вредности

потенциала чини, да )е при директним нотенциометри)ским меревъима по

требно снимити Е\ 1ор а ди)аграм сери)е различите концентрованих раст

вора, будуЬи да се обично не зна какав )е унутрапньи контакт. Потреба за

овим )ош )с нише исио;ьена када се у раствору налазе и ннтерферира)уЬи

)они н када )с потребно познанати коефици)ент селективности.

ИЗВОД

Дат )с приказ поступка за израчунаван,с стандардног потенциала (он-селективне

електроде са чврсто.м ме.чбраном и чврстим унутраппьим контактом („а11 5оНс1 51а(е") на

основ\ ра.л1атран»а 5аю-а, КоеЬе1-а и Виск-а и 5перагс1-а. Показано )е, да ови различити

прилази ла| у меЬусобно нодударне и експериментално потврЬсне резултате.
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SUMMARY

ION-SELECTIVE ELECTRODES - POTENTIALS

OF SOLID MEMBRANES

VLADISLAVA M. JOVANOVlC*, MILKA V. DJIKANOVIC** and MOMIR S. JOVANOVlC*

* Institute of Analytical Chemistry, Faculty of Technology and Metallurgy, Belgrade University,

P. O. B. 494, YU-11001 Belgrade, and ** institute of Chemistry, Faculty of Metallurgy, Uni

versity „Veljko Vlahovic", YU- 84000 Titograd, Yugoslavia

Procedures of standard potential calculations of „all solid state" ion-selective electrodes,

according to Sato, Koebel and Buck and Shepard respectively, are discussed basing the treatment

on different inner contacts applied.
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AZEPINES FROM l,5-DIARYL-l,3,5-PENTANETRIONE

AND o-PHENYLENEDIAMINES
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By the condensation of o-phenylenediamines (R = H, CH3, CI) with 1,5-di-

aryl-l,3,5-pantanetriones (Ar = phenyl, p-tolyl and biphenylyl) the 2-aryl-4-(fl-hy-

droxystyryl)-3H- 1,5-benzodiazepines (I—V) were obtained. The 2-((3-hydroxystyr-

yl)-4-phenyl-3H-l,5-benzodiazepine was converted by the action of N,N-dimeth-

yl-p-nitrosoaniline in alkaline solutions into quinoxaline derivative (VII). The

structures of the obtained compounds are disscussed on the basis of their infrared,

mass and ^-nuclear magnetic resonance spectra.

In further research on l^-diaryl-l^S-pentanetriones1.2 new compounds

1,5-benzodiazepines were synthesized. The first compound of 1,5-benzodiazepine

series was prepared by Thiele and Steimmig by condensing acetylacetone with

0-phenylendiamine3. The 2,4-dimethylbenzodiazepine condensed with benzalde-

hyde in alkaline media gave a mixture of 2-methyl-4-styrylbenzodiazepine and

the corresponding 2,4-distyryl derivative4.

In this paper the new styrylbenzodiazepines were obtained by the condensa

tion of o-phenylenediamine (R = H, CH3, CI) with l,5-diaryl-l,3,5-pentanetriones

(Ar = phenyl, p-tolyl and biphenylyl) in alcohol — acetic acid medium. Consid

ering of the keto-enol tautomeric forms of l,5-diaryl-l,3,5-pentanetriones5 the

structure of the obtained product was of interest. Different possible structures

(A—C) were considered of the 1,5-benzodiazepines (Fig. 1). Therefore the struc

tures of the new synthesized compounds were proved by spectroscopic data and

the reaction with N,N,-dimethyl-p-nitrosoaniline.

The ir spectra of the compounds I—V contain the combination of strong

absorption bands in the 1618 — 1500 cm-1 region. A band diffused over 3500 cm-1

to 3400 cm-1 combined together with an absorption at ^ 1618 cm"1, indicated

the presence of an enol system with strong interamolecular hydrogen bonding

in the molecule.

* To whom the correspondence should be addressed.

** Taken in part from the graduation thesis of D. Baturic, Biochemistry Department ,

Faculty of Technology, University of Zagreb, 1978, awarded in 1979 by „Krka" — Pharmace

utical and Chemical Works, Novo Mesto.
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» Ar. _C6H5 R - CI

Fig. I

The bands at «k 1590 cm"1 and 1560 cm 1 are assigned to vf N and

vc=c vibrations.

Absence of an N—H stretching band («s 3300 cm-1) and presence of C—H

stretching bands 2950 cnr1 and 2843 cm-1) of the methylene group in the

benzodiazepine ring supported the structure B.

The effect of structure on chemical shifts is summarized in Table I.

TABLE I. 'H-nmr chemical shifts (8, ppm) of compounds I—V (in CDCb)

-CH2-

CH3 (a, b)

CH Arom. protons

(e, f + Ar)

-OH

(d)Ar R (c)

I Phenyl H 3.51 5.91 7.13-7.65 (10)

7.8 -8.2 (4)

13.25

II p-Tolyl H 2.39(g) 3.52 5.89 7.1 -7.5 (8)

7.7 -8.1 (4)

13.13

III Biphenylyl H 3.93 6.01 7.10-8.16(22) 13.76

IV Phenyl CH3 2.29(h) 3.50 5.87 7.02-7.23 (2)

7.32-7.49 (5)

7.83-8.08 (5)

13.16

V Phenyl CI 3.54 5.94 7.24-7.32 (2)

7.39-7.56 (5)

7.83-8.08 (5)

13.17

The chemical shift data for the protons in Table I are in good agreement

with previously published values from methylene protons in the 3H-l,5-benzo-

diazepines6-7.

The mass spectra of the compounds I—V point to the same route of the

fragmentation process. The molecular ion loses an aroyl ion and the further de

composition of the [M—ArCO] r ion is analogous to the 1,5-benzodiazepine frag

mentation8. The second way of decomposition of the molecular ion gives the
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aroyl ion and its fragmentation9. The two pathways are supported with the appro

priate metastable peaks. The base peak in the spectra of I, II and IV is the molec

ular ion. However, in case of spectrum III the base peak is the benzoyl ion, while

in spectrum V the base peak is the phenyl ion.

The presence of a CH2 group in the system is also demonstrated by the

condensation of compound I with N,N-dimethyl-p-nitrosoaniline10.

In the case of the condensation N,N-dimethyl-/>-nitrosoaniline with com

pound I, the proposed benzoidizepine VI was not obtained (Fig. 2). The benzo

diazepine ring in the compound VI is probably unstable to alkaline reagents

 

and with sodium hydroxide solution it decomposes to the corresponding quinoxa-

line VII4. The signal corresponding to two protons with chemical shift value

for the -CH2- group in 1H-nmr spectrum of compound I is not present in the

spectrum of its condensation product VII.

In the mass spectrum of compound VII, the molecular ion diminished by

15, 29, 105 and 135 mass units. The eliminated masses correspond to CH3, C—OH,

ArCO and HN ■ CsH4 ■ N(CH3)2 ions. The base peak in the spectrum VII (mjs

355) which further loses of the C7H4 ion, indicated the condensation of N,N,-di-

methyl-/>-nitrosoaniline on methylene group of the 1,5-benzodiazepine ring which

is transformed into the quinoxaline derivative.

The absence of C—H stretching bands (2941 and 2843 cm-1) of the methyl

ene group in the ir spectra of compound VII and the presence of characteristic

vibrations in the regions 1620—1350 cm 1 and 810- 680 cm-111 supported the

quoinoxaline form VII.

From the present investigations the synthesized new 1,5-benzodiazepines

(I-V) correspond to the B structure.

EXPERIMENTAL

Melting points were determined on a Kofler heating microscope and are uncorrected.

Ir spectra were taken on a Perkin-Elmer 257 spectrophotometer in KBr pellets. 'H-nmr spectra

were recorded on Varian A-60A and JEOL FX-900 spectrometers, mass spectra on Varian

CH -7 and CEC 21-1 10C spectrometers.



492 SUSNIK-RYBARSKI el al.

Synthesis of 2-(§>-hydroxyslyryl)-4-phenyl-3H-l,5-benzodiazepine {I)

0.216 g (2 mmol) of o-phenylenediamine is dissolved in boiling ethanol (10 ml). The

l,5-diphenyl-l,3,5-pentanetrioneu (0.532 g in 35 ml ethanol/35 ml acetic acid) is added and

refluxed for 5 h. The reaction mixture was kept at room temperature overnight and 100 g

of ice was added. The precipitate was filtered off, washed with water. By recrystallization from

chloroform/ethanol (1 : 1), 0.347 g (51.3%) of yellow-white substance was obtained; m. p. 185 — 7°.

Ir (v, cm-1) 3448, 3060, 2941, 2843, 2340, 1602, 1590,1570, 1540. MS: m\z (rel. intensity)

338 (M+, 100), 233(56), 194 (48), 91 (4), 65 (3), 105 (54), 77 (48), 51 (7).

CsaHuNzO calc. C 81.63 H 5.36 N 8.28

(338.41) found C 81.38 H 5.63 N 8.49

Synthesis of 2-{$-hydroxy-p-methylstyryl)-4-p-tolyl-3H-l,5-benzodiazepine {II)

0.295 g (1 mmol) l,2-Di(p-tolyl)-l,3,5-pentanetrione12 is dissolved in 30 ml of boiling

acetic acid and solution of o-phenylenediamine (0.108 g; 1 mmol) in ethanol (10 ml) is added.

The reaction is refluxed for 3 h, allowed to cool and poured on 100 g ice with 60 ml water.

By recrystallization from from chloroform/ethanol (1:1) 0.157 g(42.8%) of yellow crystalline sub

stance is obtained; m. p. 178-180°. Ir (v.cm"1) 3440,3048,2900,2873,2309,1602,1584, 1563,

1534. M S: m/z (rel. intensity) 366 (M+, 100), 247 (89), 208 (28), 91 (56), 65 (30); 1 19 (92), 91 (56),

65 (30).

CjsHaaNaO calc. C 81.94 H 6.05 N 7.64

(366.46) found C 82.11 H 6.33 N. 7.77

Synthesis of 2-biphenylyl-4-{$-hydroxy-p-phenylstyryl)-3H-l\5-benzodiazepine {III)

The preparation of the compound (III) is analogous to that of the compound (I). From

0.210 g (0.5 mmol) l,5-dibiphenylyl-l,3,5-pentanetrione12 and 0.054 g (0.5 mmol) o-phenylenedi

amine a yellow-orange powdery product is obtained; m. p. 245. Yield 0.123 g (50%). Ir (v, cm-1)

3500, 3076, 2900, 2309, 1618, 1584, 1562, 1531. M. S: m/z (rel. intensity 490 (M+, 41), 309 (38),

270 (25), 91 (13), 65 (9); 181 (100), 153 (50), 127 (13), 77 (28).

C35Ha«N20 calc. C 85.69 H 5.34 N 5.71

(490.60) found C 85.89 H 5.57 N 5.57

Synthesis of 2-($-hydroxystyryl) -7r,8-dimethyl-4-phenyl-3H-] ^-benzodiazepine {IV)

The preparation is analogous to that of compound I. From l,5-diphenyl-l,3,5-pentanetrione

(0.533 g; 2 mmol) and 4,5-dimethyl-o-phenylenediamine(0.277g;2mmol)in 25 ml ethanol/25

ml glacial acetic acid a yellow crystalline substance was obtained; m. p. 230— 1. Yield 0.318

(43.4%). Ir (v, cm-1) 3480, 3050, 3020, 2960, 2930, 2340, 1592, 1585, 1552, 1525. M. S: m/z

(rel. intensity) 366 (M+, 100), 261 (63), 222 (26); 105 (73), 77 (93), 51 (16).

C25H22N2O calc. C 81.94 H 6.05 N 7.64

(366.46) found C 81.25 H 6.21 N 7.88

Synthesis of 7,8-dicMoro-2-{$-hydroxyslyryl)-4-phenyl-3H-],5-benzodiazepine {V)

0.266 g (1 mmol) of l,5-diphenyl-l,3,5-pentanetrione is dissolved in boiling ethanol

(15 ml) and glacial acetic acid (15 ml). The solution of 4,5-dichloro-o-phenylenediamine

[0.238 g (1.3 mmol in 15 ml ethanol)] is added. Heating at boiling temperature for 5h yields

pale yellow crystals which, when recrystallized from ethanol/chloroform have m. p. 224 — 5. The

yield was 0.199 g (49%). Ir (v.cm"1) 3460, 3060, 2980, 2320, 1600, 1580, 1555, 1528. MS: m/z

(rel. intensity) 406 (M+, 33), 301 (25), 262 (15), 105 (76), 77 (100), 51 (32).

C23H18N2OCI2 calc. C 67.83 H 3.96 N 6.88

(406.30) found C 67.96 H 4.15 N 7.06
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Condensation of 2-($-hydroxystyryl)-4-phenyl-3H-l^-benzodiazepine with

N,N-dimethyl-p-nitrosoaniline ( VII)

To a solution of N,N-dimethyl-p-nitrosoaniline (0.045 g, 0.3 mmol) and 1,5-benzodiazepine

(I) 0.102 g, 0.3 mmol) in ethanol (20 ml) a few drops of ethanolic sodium hydroxide solution

(30%) are added. The reaction mixture is stirred and heated under reflux for 20 min. After cool

ing, the resulting mixture is filtered. Evaporation of the solvent in vacuo gives the crude brown

product (0.161) g) which is recrystallized from chloroform/ethanol and washed with ether to give

a dark-red powder. Yield 0.056 (40%); m. p. 225-6. Ir (v, cm-1) 3400, 2800, 2350, 1610, 1580,

1540, 1510, 1475, 1440, 1360, 810, 770-730, 685. 'H-nmr (CDCls): 2.88 (CH3,s), 6.5 (-CH= ,

s), 7.02 - 8.05 (arom. H, complex), 13.02 (OH,s) ppm. MS (250°): m\z (rel. intensity) 470

(M+, 56), 455 (14), 441 (6), 365 (22), 335 (100), 247 (20), 135 (33), 105 (23), 77 (24,) 51 (13).

C3lHSeN40 calc. C 79.13 H 5.57 N 11.91

(470.57) found C 79.33 H 5.57 N 11.61

IZVOD

SINTEZA I STRUKTURA NOVIH 1 ,5-BENZODIAZEPINA IZ 1,5-DIARIL-1,3,5-PEN-

TANTRIONA I FENILENDIAMINA

IVANA SUŠNIK - RYBARSKI, NEVENKA FILIPOVIĆ - MARINIĆ, DRASKO

BATURIĆ i TMARIJAN LAĆAN I

Prehrambeno-biotehnoloiki fakultet Sveučilišta u Zagrebu, Pierottijeva 6/VI,

41000 Zagreb.

Kondenzacijom o-fenilendiamina (R = H, CH3, Cl) sa l,5-diaril-l,3,5-pentantrionima

(Ar = fenil, />-tolil i bifenilil) dobiveni su 2-aril-4-((3-hidroksistil)-3H-l,5-benzodiazepini I — V.

Reakcijom N,N-dimetil-f>-nitrozoanilina sa 2-fenil-4-((3-hidroksistiril)-3H-l,5-benzdiazepinom u

alkalnom mediju dobiven je kinoksalinski derivat VII. Struktura dobivenih spojeva razmatrana

je na temelju njihovih infracrvenih i masenih spektara, te spektara ^-nuklearne magnetske re

zonancije.
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Twenty-three topological formulas for total n-electron energy (£) are tested,

using the exact HMO values for E of 106 benzenoid hydrocarbons. The formulas con

sidered depend on three invariants of the molecular graph: number of vertices

(«)> number of edges (m) and number of perfect matchings (K). The results ob

tained are collected in eqs. (1) -(23) and in Table I. The formulas having the sim

plest algebraic structure are found to be also the most reliable in reproducing E.

The problem of the dependence of the total 7t-electron energy (£) of unsat

urated conjugated compounds attract the attention of theoretical chemists

almost half a century2. As a result of numerous investigations, a variety of approxi

mate topological formulas for E has been proposed. Surprisingly, however, not

much was known about the accuracy of such formulas i. e. about their value

in practical applications.

In the present work we report a systematic numerical study of topological

formulas for E. We examined 23 formulas, which were claimed to reproduce E

of benzenoid hydrocarbons, and which depend on the following three topological

invariants of the molecular graph3, number of vertices («), number of edges (w)

and number of perfect matchings (K). In the usual chemical terminology3-4 n is

the number of carbon atoms, m is the number of carbon-carbon bonds and K

is the number of Kekule structural formulas of the corresponding benzenoid

hydrocarbon. All these invariants are easily evaluated from the molecular graph4.

RESULTS

The topological formulas listed below contain no, one, two, three or four

empirical parameters: eqs. (1), (2) - (7), (8) - (15), (16) - (18) and (19)— (23), res

pectively. These parameters have been determined by least squares fitting, using

the exact Hiickel molecular orbital total 7t-eIectron energies of 106 benzenoid

hydrocarbons (50 cata-condensed and 56 peri-condensed) from the book5. Only

molecules with non-zero Kekule structure count have been considered. Exceptional

ly the parameters in eqs. (20) —(23) are those proposed in the literature (see Table I).

495
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TABLE I. Results of numerical testing of formulas (1) — (23) for 106 benzenoid hydrocarbons5;
♦benzene excluded; ** results obtained using the E values of 50 cata-condensed ben-

zenoid systems*

No. of Mean Max. error Correlation

Formula empirical error observed* coefficient Ref.

no. parameters (%) (%)

1 0 0.74 1.8 6,7

2 1 0.42 1.6 0.999990 8,9

3 1 0.48 1.6 0.99998 10

4 1 0.78 2.9 0.99997 11, 12

5 1 0.85 4.3 0.99996 13

6 1 1.07 4.6 0.99990 13

7 1 1.32 4.3 0.99989 12

8 2 0.30 1.0 0.9998 8

9 2 0.35 1.3 7,8

10 2 0.37 2.4 0.9998 11, 12

11 2 0.44 1.5 0.9997 9, 10

12 2 0.55 2.0 0.9995 13

13 2 0.63 2.4 12

14 2 0.99 4.4 0.998 13

15 2 1.04 3.9 0.998 12

16 3 0.30 0.8 7,8

17 3 0.32 1.1 12

18 3 0.47 1.8 14

19 4 0.10 0.6 15

20 4 0.14 0.6 16

21 4 0.59 2.1 17

22** 4 0.04 0.2 11

23** 4 0.13 0.4 16

£ = n + m\T> (1)

E = 0.908 (2 »i n)1/2
C2)

E = 1.007 [(n/2) \/4w/n + 2 W] (3)

£ = 0.940 U (4

where

t/ = 2(m?)1/2 + 2 K(qlmyi*

and

q = n/2 - 1

E = 1.165 [(2 m n)1'2 - {A B3)1/4] (5)

where

A = (n/2) • ln(2m/n) - 2 In K

and

B = (n - 2) w2/(2«) - (m2 - 9m + 6«)/2



7T-ELECTR0N ENERGY OF BENZENOID HYDROCARBONS

1.021 [n + V 2(m - n/2) In K ]

1.054 L

2 T + 2q (K/T)1^

I r K* ^jm

V™ q[ m - q(K?imfl<i J

0.899 (2 mn)1'2 + 0.426

0.833 n + 0.479 w

0.912 17+ 1.193

1.015 [(h/2) VTm/»r+ T**/»] - 0.317

1.193 [(2 m n)1/2 - {A - 0.959

1.876 (mq)V2 + 3.946 K(qlm)^

1.037 [« + \/2(»« - « 2) In /C ] - 0.627

1.091 L - 1.377

0.714 n + 0.566 m + 0.395

1.804 {mqW + 0.421 K (tf/m)*"2 + 1.686

1.379 n + 0.585 In K + 0.747

0.760 « + 0.494 m + 0.342 [« (In K)6]1'6 + 0.1 15

0.442 n + 0.788 w + 0.34 K (0.632)m-n

fl/S + R3 TIS*

0.956 « + 2.326 m + 2 In K

3 cw/« +1.810, c - 0.422

c/n2
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E = 5.7167 h + 1.6287 + 0.4945 K exp (-0.4355 h) (22)

E = 5.708 h + 1.672 + 0.538 K exp(- 0.459 A) (23)

where A = (n — 2)/4 is the number of hexagons. Eqs. (22) and (23) hold only for

cata-condensed benzenoid systems.

The mean error, the maximal error observed, the correlation coefficient

(where it exists) and the reference to literature sources of all these formulas are

collected in Table I.

DISCUSSION

An unexpected conclusion follows from Table I, namely that the topological

formulas for E having the simplest algebraic structure are in the same time most

accurate. In particular, the McClelland-type8 experessions (2) and (8), contatining

the term (2 m w)1'2 are found to be the best one- and two-parametric formulas.

The best three-parametric formula is eq. (16), which is a linear function of m

and n. Surprisingly, neither (2) nor (8) nor (16) contain terms depending on the

number of Kekule structures.

Our analysis shows that AlcClelland's formula is much better than it has

been assumed previously. (For example, in Ref. 3 is stated that „m and n de

termined not less than 95% of £".) On the basis of eqs. (2) and (8) we can now

claim that m and n determine not less than 99 % of E, at least in the case of ben

zenoid hydrocarbons.

An approximate formula for E can be considered as numerically fully satis

factory if it reproduces E with an absolute error of 0.1 or less. Since benzenoid

hydrocarbons being of chemical interest have total ^-electron energies not greater

than 50, a topological formula of desired accuracy should have a mean error of

some 0.1% or less. From Table I is seen that only the four-parametric formulas

(19), (20), (22) and (23) meet this requirement. On the other hand, several previ

ously proposed approximations for E proved to be quite inadequate; their use

in practical applications should be avoided.

APPENDIX

Let be the eigenvalues of a benzenoid graph (labelled in non-increasing

order). Than the following relations hold4

n/2 n/2

2*i!=»i and f|*i = K (A- 1)

■ - 1 ;= i

and the HMO total ^-electron energy of the corresponding hydrocarbon is given by

n/2

>=1
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A class of approximate topological formulas for E can be obtained by choosing x, = x, =

= . . . = xp = a and xp+l — xp+t = . . . = xn[% = b, such that the conditions (A— 1) are satis

fied. It has been demonstrated elasewhere12 that for p = 0, p = 1 and p = n/2 — 1 the

expression (A— 2) becomes equal to (2 mn)1,2,L and U, respectively, which then results in the

approximate formulas (2), (3), (7), (8), (10) and (15).

In addition to the above three cases, the parameters a and b can be explicitly determined

also for the choice p = n/4, Namely, the equations

— (a2 + &2) = m and (a b)"'* = K

4

have the following solution

a = [ i2m/ii) + y/{2mjn)* - *T8'»] 1 ,a

b = [ (2m/») - y/(2m/H)a - /C*"»] 1 12

which substituted back into (A — 2) give the expression

n /4m

2 \f n

This is the theoretical basis of eqs. (3) and (11).

H 3 B O fl

KOMnAPATHBHA CTyflHJA TOnOJIOUIKHX <UOPMyjIA 3A YKynHY

Tr-EJIEKTPOHCKy EHEPrHjy BEH3EHOHflHHX yrJBOBOHOHHKA

HBAH TYTMAH, JBHJBAHA HEUEJBKOBHTi h AJIEKCAHflAP B. TEOflOPOBHH

npupoduo-MOtueMauiu'iKu <f>aKyAuieiu y Kpatyjeeuy

HcnHTaHe cy 23 TonononiKe (popMyne 3a VKyroty 7t-eJieKTpoHCKy eHeprnjy (£) KopncTehu

TaMHe HMO bpcotocth 3a E 3a 106 6eH3eKOHflHHX yrJbOBOflOHHKa. Pa3MaTpaHe cy epopiwyjie

Koje 3aBHCe on tph HHBapHjaHTe MOJieKyjicKor rpaipa: 6poja MBopoBa (n), 6poja rpaHa (m) h

6poja caBpuiemix cnapHBaita (K). Ho6HjeHH pe3yjiTaTH cy npHKa3aHH jeflHaTOHaiwa (1) — (23)

h Ta6jiHitoM I. <t>opMyjie Koje HMajy HajjeftHocraBHHjy ajire6apcKy CTpyKTypy HcroBpeMeHO h

HajTawiije penpoayKyjy E.

(flpHMJbeHO 31. maja 1983)
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The steady-state rate of nucleation, the concentration of clusters and the

rate constant of nucleation are evaluated approximately when the upper limit of the

sums appearing in the expressions does not tend to infinity. These basic assumptions

follow the usual ones applied in the kinetic theory of nucleation.

In a previous article1 it was shown that the steady-state rate of nucleation

(/) and the steady-state concentration of clusters of different sizes (/j) can be ex

pressed by the following expressions

H/i-~)(z'cT (l)

and

where

ft = b 4

1 X r (2)
m no ,-i Cjttj

G = i*. (3)

By i* was denoted the number of molecules in the cluster of critical size which

corresponded to the one with the highest energy of activation2 4. By tn was de

noted the equilibrium concentration of the clusters consisting of i molecules and

by d the corresponding condensation constant2 4.

Equations (I) and (2) are very complicated for direct analytical calculations

except by a computer. There is an approximate way of calculation ofthese expressions

when G -> co5 '. However, it cannot be applied directly in the case when G — »*.

Such calculations are our aim in the following.

Approximate calculations of the rate of nucleation and the concentration of clusters

First we rewrite expression (2) in a more appropriate form for further

501
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i-l

calculation. Adding and substituting sn expression / X to eq. (2) and

taking expression (1) for /, it follows immediately

ji = h - i y 1 ■ (4)

m ni y-i Cjrtj

In both basic equations [(1) and (4)] the problem is to find an analytical

solution of

which is usually approximated by the integral

cxp [-AF(j)lkT]

i

Here «y is S3bstitutcd by its exact expression

n, = «1S/exp[- A F (/)/«! (7)

where E; is the internal partition function of the cluster of j molecules and A F(j)

the free energy of formation of a cluster.

As AF(y') has a sharp maximum at = i*, the equilibrium critical cluster

size, we can expand:

M>\j) * AF(i*) H ' (; - i*)

2

and approximate the integral in (6) by

d2 AF(;)

dp j=i*

(8)

exp[AF(,*)/*r] f |_ _r 0_,*)2jd;-, (9)

ni c

where

Y = ~
dp

= 2 aoo(i*)-4/3 (10)

;'=:'* 9

and C(j)E(j) ^ C{i*) E (/*) 6.8.

Substituting «iH(i*) exp [-AF(t'*)/*r] by «(«'*) and (yjlkTY'^j-i*) by

jy, we obtain
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1 UkTVI2 f

— 00

where the lower limit: (ylZk7y-l\l—i*) is shifted to -co.

By definition of the complementary error function

crfcx = 2tz~112 J*exp( —y2)dy, (12)

X

where

erfc(-oo) = 2 (13)

we easily find

<I> (0 = - (** T) {2 - erfc [(y/2* D"« (i - »*)]} ■ (14)

C(i*) n (i*)\ 2y /

Or, by using the error function:

erf x = 1 — erfc x (15)

the last expression yields:

= ^T-T^f"*7)"^1 *" erf WkT)W («'-»*)]}■ O6)

C(i*) w (i*) \ 2y /

Now, the steady-state rate of nucleat ion defined by eq.(l) for arbitrary G is:

/ = (/l-/c\[0(G- I)]"' (17)

\«1 «G /

where

0(G-1)= - (—rV'2{l +erf [(Y/2AD«/a(G-i*-l)]}- (18)

C (z*) k (z*) \ 2y /

If G is equivalent to the equilibrium critical cluster size i*, we obtain for

the rate ofnucleation an approximate expression :

/ = lh _ A* \ q. nJ 2T_y/2{i_crf [(Y/2*T)'/2]}-i, (19)

\m «(♦/ \7T*T/

since, by definition

erf (-.v) = erf x. (20)

The numerical value of the factor (y/2 kTy1'- is typically in the order of 10 1

to 10 2. Hence, the numerical value of the expression in the curly brackets is
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clase to one. Therefore, in such approximate calculations it can be subtracted

giving the expression for / as follows

(2,)

\«i ni*l\TzkT)

Thus, if the value of /<* is known, the rate of nucleation is approximately

given by eq. (21).

The last expression can be written in the form

/ m 2 - ) Zi* C,. m; (22)

where

Z|.=(Y/27e*r)V> (23)

is the quantity known as the Zeldovich factor2-5.

Similarly, the steady-state concentration of the clusters of size i, which is:

ft =«<[/i/ni- /<D(i - 1)], (24)

can be evaluated byeq.(16) as follows:

/, «** (h - - 7 (^-) "2 { 1 f erf [(Y/2* 7)1/2 (f - ,■*_ 1 )]}\ ■ (25)

Here /( is expressed as a function of the parameter /. Substituting / by eq. (21),

we obtain /; as a function of the parametar /(*/n<«:

ft*nt(fl - lf] - ft*-\{l 1- erf [(Y/2Aiy/« (i-f*- D]}) ■ (26)

\«i \«] m* I )

Comparison of the solutions with the ones when G -*■ oo

In the previous article1 it was shown that the equations four the rate of

nucleation and the concentration of clusters [(1) and (3) or (4)] are mathematically

selfconsistent for any G. Therefore, we can compare our approximately calculated

quantities [eqs. (22) and (26)] when G --- i* with the corresponding ones when

G -> co. By the same procedure in the last case we obtain*

I{G 2/*)
M

na)

Zf Ci* Hi* (27)

and

* In the litterature' the quantity G - 2i* is assumed as the infinite one.
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/<<*»<(- - 4-(- - -V1 + erf ww* («'-«■*- ]))})- (2§)

These scolutions are equivalent with the ones in ref. 7.

By comparison of eqs (27) and (22) it follows that

2lh _ f±\ = ^_^, for G>2i*< (29)

\«i «<* / ni tia

In the literature it is always /i = m2-4. Then, in the limit when /g/wg-^-0,

from eq.(29) it ought to be that /<*/«{» -*■ 0.5. By exact calculation of the

same result is obtained. This is illustrated in Table I, where /<*/«m is presented

for different / at two values for the supersaturation ratio: 5 = 4.91 and S = 9.24.

For better comparison, the adequate values for/(/«( at i = 71 and 72 in the first

case and » = 47 and 48 in the second case are shown. The exact minimums for

corresponding equilibrium concentrations are somewhere between these numbers.

TABLE I. The ratio calculated by eq. (29) for different values of parameter I at S = 4.91

and 5 = 9.24. The values fcl'ia where G is 144 in the first case and 96 in the second

one, are taken from corresponding exact numerical calculations by eq. (1) with = 1.

/ is in unit: droplets/cm3

Water, S = 4.91, T = 263.2 K, /max = 0.999 droplets/cm3 s

/ fi*lrH* /7a/»72 /?l/«71

0.01 0.995 0.995 0.995

0.1 0.950 0.949 0.952

0.3 0.850 0.846 0.857

0.6 0.700 0.692 0.713

0.8 . 0.600 0.590 0.618

0.99 0.504 0.493 0.527

-

Water, 5 = 9.24, T = 233.2 K, /max = 51.6 droplets/cm3 s

/ /W«i* /s4/«84 /74/H74

1 0.990 0.990 0.991

10 0.903 0.902 0.912

20 0.806 0.804 0.824

33 0.661 0.657 0.691

50 0.515 0.510 0.559

51.5 0.500 0.496 0.546

In the last case, that is when f\ = n\, and /V/mj* -> 0.5, the rate of nuclca-

-ion tends to its maximal value

/ -> /max f*> Z(* Ci* Wj* <%f 2 Zi* Ci*ft*. (30)

Finally, if we represent the rate of nucleation by the equation1
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I = kt.ft., (31)

we can express the rate constant at which molecules cross the energetic barrier

of the process considered, or equivalently, the rate constant of the appearance

of liquids in our kinetic scheme, in terms of the quantities evaluated above. From

eqs.(31) and (22) with the condition /i = «i it follows

kt* = ///,. w 2 («,./ - 1) Z,. C(*. (32)

When / -> /max, and 0.5, then *, ->■ kT"

where

kT" 2 Ct* Z,*. (33)

Thus, the maximal rate constant at which molecules cross the energetic

barrier of reaction differs from the corresponding condensation constant for the

factor of (2 y/iir)"2.

II 3 B O JI

HOBA PEIIIEHjA 3A KHHETHMKH MOJEJI XOMOrEHE HYKJIEAUHJE.

II. AIIPOKCHMATHBHA PAHYHAftA

JbHJBAHA KOJIAP - AHITR

Ibiciuuiuyiu ia <fiu3UUKy xeMujy npupodno-MauieMaiuuHKot (fiaKy.iuieuia y Eeocpady, u. up. 550.

11001 Eeoppad

Bp3HHa HyiuieauHje, KOHueHTpaiuija rpo3flOBa (KJiacTepa) h KOHCTaiiTa 6p3ime hvkjic-

auuje 3a npoucc y ycTajteHOM CTaity cy H3pa*ryHaTe npnGjiiDKHOM mcto,i;om 3a oiyuaj Ka.ua ropita

rpaHHqa cy.we Koja ce nojaBJbyje y obhm H3pa3Hina He tokh 6ecKOHa*rHOCTH. Ochobhc ripei-no-

CTasKe oaroBapajy yoGiraajeHJiMa y KHHeTimnoj Teopiijn Hyi<jieaunje.

(npn.MJbeHO 6. arrpiiJia 1983)
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The behaviour of sorbed COj on faujasite type zeolites (X, Y) exchanged

with Zn(II) and Cd(II) ions was investigated. The interaction of CO2 molecules

with the zeolite surface was followed by IR spectroscopy in the ppectral range of

1600— 1300 cm-1. By comparing the spectra of zeolites treated in air and in CO2

atmosphere it was shown that the concentration of CO2 from air yields absorption

bands of similar intensity as those obtained for pure CO2.

The behaviour of adsorbed CO2 on faujasite type (X, Y) zeolites exchanged

with ions of monovalent or bivalent ions has been investigated by several au

thors1-4, using IR spectroscopy as the method of analysis. They noticed that the

interaction of CO2 with the zeolite surface occurs by means of two types of sorp

tion: adsorption and chemisorption. Recently, Jacobs et a/.5 carried out a system

atic investigation of the influence of the degree of ion exchange of Ca(II) and

Mg(II) in the case of Y zeolites on IR spectra after CO2 adsorption, in order

to determine the distribution of these cations in the zeolite framework. The same

authors6 also extended the investigations of CO2 absorption to X zeolites ex

changed with mono- or bivalent metals. They showed the different influence of

the investigated ions and the influence of the degree of exchanged ions on the

IR spectra after the adsorption of CO2 molecules.

In the present work the behaviour of sorbed C02 on isostructural NaX

and NaY zeolites exchanged with transition metal cations Zn(II) and Cd(II)

was studied. The interaction of CO2 with the zeolite surface yielded IR bands

in the region of 1600—1300 cm1. Through these bands, the behaviour of the

zeolites samples was followed.

EXPERIMENTAL

The zeolites ZnX, CdX, ZnY and CdY were prepared by exchanging the Na(I) ion

from the original form of NaX (Union Carbide) and NaY (SK-40) zeolite with bivalent Zn(II)

and Cd(II) cations. The procedure has been described previously7. The unit cell compo

507
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sition and the extent of exchange were determined by chemical analysis (in brackets : the maxi

mal extent of exchange at rojm temperature under the given8 experimental conditions) and

are given in Fig. lb.

One set of the prepared samples was heated for 7.2 x 103 s in air at the temperatures:

473,673 and 873 K. Another set was treated in this way: evacuation (P = 1.33 to 0.133 Pa),

very brief (1.8 to 3.0xl02s) at room temperature, introduction of COz(P = 3.33 x 104 Pa),

heating (rate lO'/min) to different temperatures (373, 473, 573 K) and keeping this temperature

for 7.2 X 103 s. After cooling, IR spectra were taken with a Perkin-Elmer 457 spectrophoto

meter using the KBr disc technique.

RESULTS AND DISCUSSION

The spectroscopic investigations of faujasite type zeolites (NaX, NaY) ex

changed with transition metal ions (Zn, Cd, Co, Ni, Cu, Mn) have shown in the

IR range of 4000—250 cm1, beside bands characteristic for this type of zeolites,

some new bands in the IR range of 1600 — 1300 cm1. Zn(II) and Cd(II) zeolites

were chosen for investigation for several reasons. First, Zn(II) and Cd(II) ions

differ in regard to ionic radius size: rzn = 0.074 nm, red = 0.097 nm. As a

consequence of the difference in ionic radii they show different degrees of hydra

tion: the Zn(II) ion hydrates better than the Cd(II) ion. Due to this in the case

of the X zeolite with the Cd(II) ion, a high degree of exchange (96.6%) is achieved,

while for the Zn(II) ion it is lower (78.4%). Although the radius of the Cd(II)

ion is greater than that of the Zn(II) ion, cadmium ions fairly easily penetrate

into the small cages (sodalite cages and hexagonal prisms). These two cations

also have different electrostatic field strengths: Fza = 51 V nm-"1, Fed = 42 V

nm-1. Due to these differences in their characteristics, certain differences in IR

spectra were also recorded. In order to explain the IR spectra obtained for Zn

and Cd zeolites it is of interest to get acquainted with the distribution of cation

positions in the basic forms of NaX and NaY zeolites.

It is known that in the case of NaX and NaY zeolites three different types

of cation positions exist, marked as I and F, II and II' and positions III9. Assum

ing normal distribution of the cation positions, there are 16 type I positions

(hexagonal prisms), 32 type II positions (the position of 6-membered oxygen

rings of cubooctahedral planes in supercages) and the remainder are positions

III (the position of canal walls of the supercage in the centre of 4-membered oxy

gen rings). Positions I' and II' are located in sodalite cages close to 6-membered

oxygen rings opposite to positions I and II. Due to cation-cation repulsion, the

possibility of simultaneous occupation of neighbouring positions of the same

type I and I' and also II and II' is diminished. Regarding that the charge of the

Y lattice is lower (56 cation positions) than that of the X zeolite (86 cation positions),

the number of cation positions III in X zeolite supercages is 38, while Y zeolite

has eight III positions in the supercages. Cations in position I, I' and II' are

not accessible for interactions with any molecules, while cation positions II and

III (cations on the supercage surface) are completely open so that adsorbed mole

cules can approach them.

For the analysis of the obtained spectra it would be desirable to know also

the regular distributions of the exchanged Zn(II) and Cd(II) cations in the zeolite

framework. Unfortunately, no crystallographic data for Zn and Cd exchanged

forms of faujasite type zeolites exists at the moment10. However, for our consid

erations earlier investigations of ion exchange of the investigated zeolites11 13
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may be helpful. Using data from the cited literature, it is most probable that of

the 34 exchanged Zn(II) cations per unit cell in the ZnX zeolite, 24—26 Zn(II)

cations share positions II and III in zeolite supercages. The remaining 7— 10

cations occupy positions I, P and IP. In these positions strong coordination with

the surrounding oxygens from the zeolite framework is possible10 and these posi

tions are not accessible to CO2 molecules. The exchanged ions of transition metals

show similar behaviour in regard to occupying positions in the zeolite framework.

Therefore, for the Cd(II) ion in CdX zeolite may be accepted a distribution similar

to that of the Zn(II) ion in the ZnX zeolite. So, of 42 exchanged Cd(II) cations

per unit cell, about 32—34 share positions II and III in zeolite supercages acces

sible to CO2 molecules.

 

(b)

NaX: Na862[lAlO2)87 0(SlO2)u)5^x246 H20

ZnX: Zr^^M0AIC^8M(StO2lowJx282H2O (78*/.)

CdX. Cd4)7 Na^aAlOjlggglSify^Jxail ^(96.67.)

NaY . Na^g tlAlO^ gtSiO^s,] x 2S0 Hfi

ZnY: ^o^^mO^m^xZJSHf (7W%)

CdY: Cd206Na]W0AIO2)56A(SiC2)]357:x 2*9^0 (7667.]

Fig. 1 . Room temperature spectra of CO2 adsorbed on NaX, NaY, and on the exchanged

zeolite forms

Very strong bands at about 1400 cm'1 in the spectra of ZnX and CdX at

room temperature can be attributed to the adsorbed CO2, its vi vibration, which

normally is not IR active2'4. The process of adsorption is actually an ion-dipole

interaction:

M+ + O = C = O O O

The increased electron density in the CO bonds distrubs the linearity of CO2

which gives rise to the observed band. Fig. 1 illustrated that the existence and

intensity of the 1400 cm-1 band depend on the number of cations exchanged per

unit cell. Since the CO2 molecules can not enter the hexagonal prisms and sodalite

cages (sites I, P and IF), the ion-dipole interaction depends only on the number

of exchanged cations in the zeolite supercages (sites II and III). Therefore, the

more intense band at 1400 cm"1 in the CdX spectrum in regard to ZnX zeolite

confirms this fact (Fig. la).

In spectra of the ZnY and CdY zeolites recorded at room temperature,

the bands at 1400 cm-1 (Fig. lb) can barely be detected. Both Y zeolites have 20

(ZnY) or 21 (CdY) cations exchanged per unit cell. Due to the very weak intensity
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of the bands at 1400 cm-1 it is justified to assume that there is hardly any cat

ion in the zeolite supercage (positions II and III) accessible to CO2 molecules.

The exchanged cations mainly occupy positions in sodalite cages and hexagonal

prisms (I, I' and II'), so they can not even participate in the interaction with

CO2 molecules. Therefore, the appearance of bands at 1400 cm-1 in the case of

X and Y zeolites exchanged with Zn(II) and Cd(II) may serve as a qualitative

indication of the presence of cations in zeolite supercages, which is of catalytic

interest.

By heating the investigated samples in air and in CO2 atmosphere (Figs

2 and 3), the band at 1400 cm-1 for X(Zn, Cd) zeolites weakens, shifts to a higher

frequency range and disappears. The weakening and disappearance of the band

a b c d

 

1 , L ^ 1 1 L J . . 1. J 1 .

1600 1500 U00 1600 1500 U00 1600 1500 K00 1600 1500 U00

Fig. 2. Spectra of CO2 adsorbed from air on ZnX, CdX, ZnY and CdY. a) Room

temperature, b) 473 K, c) 673 K and d) 873 K

a b c
 

1600 600 1400 1600 1500 1400 1600 1500 1400 V.cm"1

Fig. 3. Spectra of C02 (P --- 1.33 - 0.133 Pa) adsorbed on ZnX, CdX, ZnY and CdY

at: a) 373 K, b) 473 K and c) 573 K
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at 1400 cm 1 is not unexpected regarding that it was attributed to physical ad

sorption between exchanged cations and molecules of CO2 gas. The absorption

band of ZnY zeolites, of weaker intensity, also disappears after heating the samples.

In the case of CdY zeolite the band at 1400 cm-1 was not identified, neither for sam

ples heated in air, nor for samples heated in CO2 atmposphere (Figs 2 and 3). The

distribution of exchanged ions at various positions in the zeolite framework is

not identical in hydrated and dehydrated samples. The removal of hydrated water

by heating provokes the migration of cations toward the internal zeolite structure.

The Cd(II) ion is less hydrated than the Zn(II) ion, so that under the same heating

conditions and the same number of exchanged ions (20 per unit cell), the Cd(II)

ion migrated more easily from its position in the supercage and shows a greater

tendency toward occupying „shielded" positions in the zeolite lattice. At these

positions no interaction of Cd(II) ions with molecules of the adsorbate (CO2)

can occur, so therefore, the band at 1400 cm-1, responsible for this process in

the CdY zeolite spectrum, does not appear either. Due to this, it appears as if

the number of Cd(II) ions is smaller in comparison to the number of exchanged

Zn(II) ions. It is possible that in the heating process by removing hydrated water

a stronger influence of the electrostatic field strength of the exchanged Zn(II)

ion (F = 51 V nm"1) is felt in regard to the field strength of the Cd(II) ion (F = 42

Vnm->).

Besides absorption bands at 1400 cm"1, after heating the samples in air

and in CO2 atmosphere at various temperatures, two to there new bands are noted

at a higher frequency range of 1550—1450 cm-1, which indicates new interactions

of CO2 molecules, which by means of CO2 chemisorption to the zeolite surface

leads to the formation of various carbonate species. Evans and Whateley14 indi

cated this while investigating characteristic IR spectra originating from the interac

tion of CO2 molecules with the metal oxide surface. It is considered that in the

formation of the chemisorbed carbonate complex the electrostatihc field strength

of the exchanged bivalent cation has an important role. A strong cation electro

static field polarizes the CO2 molecule previously adsorbed on the cation. In

this way the highly polarized CO2 molecule is able to react with the neighbouring

oxygen and forms a carbonate structure. The investigations of Habgood1 show

that for the formation of carbonate during CO2 sorption on the zeolite surface

a strong cation electrostatic field is necessary. They noticed that in IR spectra

of zeolites exchanged with ions of monovalent metals (Li, K), the electrostatic

field strength of which is less than the field strength of bivalent metal ions, after

CO2 sorption, bands characteristic for the formation of carbonate species do not

appear.

It is obvious that for the formation of carbonate species it is necessary to

heat the samples as shown in Figs 2 and 3. The mechanism of carbonate formation

may be explained by the following reaction6:

Mn+ (H20)^ + C02 M m(8^C= Ow)2 • + 2HM (HaO)*.!

The partially hydrated metal ions from position II, by heating, migrate to posi

tions III more accessible to CO2 molecules and form carbonates. The oxygen

necessary for carbonate formation originates from water molecules. By heating

samples in CO2 atmosphere at higher temperatures (573 K) carbonate species

also form, with the third oxygen originating from the zeolite framework. There
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fore, oxygen from the lattice should have the same charge density as the oxygen

ion from the dissociated water molecule. It is possible to assume that in the heat

ing p.ocess COi molecules may gain the necessary activation energy to reach

the cations in position II and form carbonates instead of the cations becoming

sufficiently mobile to come to position III. From a catalytic point of view, car

bonate formation on the zeolite surface is significant since carbonates can block

cation positions and, thus, disable the application of zeolites as catalysts.

Comparison of the spectra of zeolite samples treated in air and CO2 (Figs

2 and 3) shows that even the air concentration of CO2 yields bands of similar strength

as those obtained with pure CO2.

h 3 b o n

H3YMABAHbE AjJCOPnUHJE CO2 HA 3EOJIHTHMA 4>COKACHTHOr THITA 3AME-

RbEHHX JOHHMA IIPEJ1A3HHX METAJIA METOJIOM H.1T. CnEKTPOCKOniiJE

BVKOCABA M. PAflAK, VEABKA E. MHO1), H TATJAHA C. 'EEPAHH'fi

h THXOMHJIA M. JIYKHH

llnciuuuiyui 3a tf>u3UHK\< xe.uujy, npupodm-MauieMauiuuKU (f/axyjiiueui y Eeoepady, 11001 Eeo^pa^

HcnuTHBaHo je noHaiuaite copSoBairor CO2 Ha 3eojiHTHMa d>o>KacHTHor rana (X, Y)

3aMeH>emix joHH.wa Zn(II) 11 Cd(II). HuTepaKinije MOJieKyna CO2 ca noBpmifflOM 3eojiHTa

npahene cy MeTO/io.M HU. cnci<Tpoci<oniiie y oojiac™ o;i 1600 — 1300 cm-1. nopetjeHieM HIJ

cneKTapa 3eojiHTa TpeTiipaHHx Ha Ba3;tyxy h y aTivioccJjepii CO 2 noKa3aHO je fla aAcop5oBaHH

CO2 H3 Ba3/;>Tca flaje HLl TpaKe cnimnor HHTeH3HTCTa ca oHHMa flo6HjeHHM ca mhcthm CO2.

(rTpHMJbeno 26. Maja 1983)
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The equilibria and kinetics of extraction of boric acid from dilute sulphuric-

acid solutions with 2-ethylhexanol was investigated. It was found that the distribu

tion coefficient is not affected by the pH of the solution in the range of pH "=1—7,

In alkaline media the distribution coefficient is low while in strongly acid media

becomes high. The hydrodynamic conditions have influence on the rate of ex

traction.

Non-polar organic solvents such as hydrocarbons and their chlorine deriv

atives do not extract boric acid3. Monohydric alcohols extract boric acid by a

purely physical action. Simple alcohols such as methanol and ethanol are capable

of dissolving substantial quantities of boric acid. The extraction power of mono

hydric alcohols decreases with increase of their molecular weight13.

Isoamyl alcohol is described as extracting agent with a relatively poor extrac

tion power for boric acid, his extraction characteristics being much improved

in the presence of chlorides such as: MgCl, LiCl, NaCl as a result of salting effects.

Among these salts MgCl2 is mentioned as the most effective salting agent1'3'4.

In a previous publication concerning our investigatiosn of boric acid extrac

tion with isoamyl alchol from dilute solutions11 it was shown that only 18% of the

present boric acid could be extracted, this percentage being increased to 40%

in the presence of MgCl2. Despite the low extraction efficiency of isoamyl alcohol,

an industrial plant for recovery of boric acid from dilute solutions was proposed

with this extracting agent5.

In the search for more efficient extracting agents a number aof compounds

containing chelating groups have been examined and their characteristics review

ed68.

1,3-Diols form with boric acid soluble esters. These alcohols arc very suit

able extracting agents for boric acid in the presence of inert solvents.

Mos : of the publications concerning boric acid extraction are devoted to the

study of the influence of the concentration of the diols, as well as the boric acid,

on The distribution coefficient, at different pH of the solution"10. The influence

of the temperature on the extraction potential of some diols was also investigated'.2-5.

513
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The kinetics and mechanism of extraction, according to the available data,

are not investigated to a larger extent. Such data could be very interesting in the

case of designing a countercurrent extraction column on a rational basis.

Accroding to some data' n, with an appropriate extraction agent and sol

vent, results could be obtained which could lead to industrial scale plants (processes)

for recovering boric acid from dilute water solutions, such as are the industrial

waste waters arising from the production of boric acid, or natural waters with

low boric acid concentration.

The aim of our work concerning the extraction of boric acid from dilute

acid solutions was to supplement the existing knowledge on the extracting charac

teristics of some alcohols and diols as: isoamyl alcohol, 2-ethylhexanol, 1,3-butanc-

diol, 2-methylpentancdiol2'4 and 2-ethylhexanediol1-3.

This paper presents the results of boric acid etxraction from dilute sulphuric

acid solutions with 2-ethylhexanol.

EXPERIMENTAL

Sulphuric acid solutions were prepared containing variable concentrations of boric acid.

The pH of the solutions was adjusted by adding H2SO.1 or NaOH. Extraction tests were carried

out in vessels, with agitation (450 rev/min of the stirrer), using always a phase ratio of 1:1, at

room temperature (20— 22°C). In all the cases (if not otherwise mentioned) the extraction was

carried out with boric acid concentrations of 0.1 mol/dm3 (pH = 5 — 6). After phase separation

by a centrifuge, samples were taken out from the aqueous phase to which carmine was added

and then allowed to stay for 3h12,13. Bcric acid was determined at 585 nm by a spectrophoto

meter Pye-Unicam SP6 400 UV.

Reagents: 2-ethylhexanol was redistilled at 184 . Sulphuric acid was of analytical grade.

Boric acid was of Merck Suprapur quality.

RESULTS AND DISCUSSION

1. Distribution mesurements

Extraction equilibria were investigated changing the initial concentration

of boric acid and the initial pH value. Figure 1 represents a plot of the extracted

quantity of boric acid versus pH of the aqueous phase, at 20—22°. Brown and

Sanderson1 have reported low distribution coefficients of boric acid for 2-ethyl

hexanol in Shellsol, which vary from 50 to 20 "„ depending on the temperature.

The results of Fig. 1 show that 2-ethylhexanol is a an effective extraction agent

for boric acid from very strong sulphuric acid solutions. By a decrease of the acid

concentration from 5 to 0.5 mol/dm3 a linear decrease of the extracted boric acid

from 70 to 27% was obtained. The change of the acidity in the range pH =1—7

has no influence on the percentage of extracted boric acid, which is about 26",,

in the above pH range. At higher pH values the percentage of extracted boric

acid rapidly decreases.

The influence of the concentration of sulphuric acid on the time necessary

to attain the equilibrium is shown on Fig. 2. It can be seen that higher concentrations

of the acid have an influence on the rate of extraction.
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CH3BO3 "O-lmoL/dm3

S 4 J t 1

\

"

\

"

\

Xs0

20

« PH ^ Fig. 1. The pH dependence of

boric acid extraction by 2-ethyl-

hexanol

The influence of the concentration of sulphuric acid, CB, on the distribution

coefficient, Kd, shows in a log-log plot a linear dependence, yielding the relation

KD = 0.687 CB° 84

 

Fig. 2. Kinetic data showing the

rate of extraction on the sulphuric

so no mo soo lzoo acid concentration

The influence of the initial boric acid concentration on the distribution coeffi

cient is shown in Figs 3 and 4. For an initial concentration of boric acid varying

from 0.01 to 0.1 mol/dm3 the distribution coefficeint of boric acid between the

aqueous phase (A. P.) and organic phase (O. P.) is not influenced by the boric

 

Fig. 3. Influence of the initial boric acid con

centration on the distribution coefficient Kx>

Fig. 4. The extraction isotherm of

boric acid at pH = 5 — 6
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acid concentration and amounts to Kb 0.27. A deviation from linearity appears

at concentrations above 0.1 mol/dm3. This can be ascribed to the lower ratio of

of the molar concentration of the extracting agent against the initial molar con

centration of boric acid.

2. Kinetic investigations

The kinetics was investigated with sulphuric acid solutions of concentrations

5.0 and 0.5 mol/dm3, containing 5 x 10~4 to 2 x 10 1 mol/dm3, of boric acid

with a constant exscess of 2-ethylhexanol. Figure 5 represents a plot of the change

of the concentration of boric acid in the aqueous phase versus time of contact

of the phases. The symbols in the above Figure have the following significence:

Co — initial concentration of boric acid (mol/dm3) in the aqueous phase, Ce

concentration of boric acid at equilibrium (mol/dm3) in the aqueous phase, and

Cr — concentration of boric acid at time t in the aqueous phase. The prac

tical overlap of the points on the straight line (1) in Fig. 5 in the range

of boric acid concentration of 5 X 10~4 to 0.1 mol/dm3 shows that the extrac

tion of boric acid with 2-ethylhexanol has a first order dependence on the

boric acid concentration. These results are obtained in sulphuric acid solu

tion with a concentration of 5 mol/dm3. In solutions with a concentration of

sulphuric acid 0.5 mol/dm3, containing boric acid concentration of 0.2 mol dm3,

the extraction rate tends to decrease (line 2 in Fig. 5).

 

60 1(0 300 600 60 no 300 600 1200

C0 — Cc Fig. 6. Plot of the rate of extraction vs

Fig. 5. Plot of log - vs time at stirring speed

extraction of boric acid

1) H2SO., 5 mol/dm3, 2) H2SO1 0.5

mol/dm3. H3BC>3(mol/dm3): r- 5 < 10 *,

C5.0 a 10" 2, A 0.10, O 0.20

The influence of the hydrodynamic conditions on the rate of extraction is

shown in Fig. 6, while in Fig. 7 the plot of log (Co— Ce / CT— Ce) versus speed

of the stirrer (rev./min) is given. It is evident that the rate of extraction increases
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with the increase of the stirring speed in the investigated range of 100- 450 (rev./

,'min). This points to a diffusion control of the process of extraction of boric acid

from dilute sulphuric acid solutions.

1.4

1.2

ljO

O.B

C-6

OA

Vt

) C.-Cr
a - 450 rev/mln

• -225 -|| -

• -WO —II —

tiwl«> r Fig. 7. Plot of log -- - — vs time at

Ct— Co

different speeds of stirring

The influence of temperature on the rate of extraction was investigated at

20, 30, and 50°C. The rate constants of the process, k, can be calculated by

the expression14-15

k:
Co—Ce Co — Ce

In

Co Ce

From plots of time - vs. the right-hand side values of the above equation, rate

constants were obtained as shown in Table I. By use of the Arrhenius equation

TABLE I. Rate constants of boric acid extraction by 2-ethylhexanol

Temperature, K

* x 103, 8-i

293

1.58

303

1.24

323

0.77

the energy of activation of the extraction process of 19.9 kj/mol is derived, which

points again to the diffusion control of the process of boric acid extraction with

2-ethylhexanol from dilute sulphuric acid solutions.

H 3 b o a

EKCTPAKUHJA BOPHE KHCEJIHHE H3 PA3EJTA>KEHHX CyMIIOPHO-KIlCE.'lIIX

PACTBOPA IIOMOTiy OPrAHCKIIX PACTBAPAMA. I. EKCTPAKUHJA

2-ETI IJ1XEKCAHOJIOM

AJIEKCAHJIAP H. n>H30 h HE.UKA T. I1ETPOBCKA

Uncuiuiuym 3a xeMiijcKO u KOHiupo.mo UHMceibepctueo, Tcxhoaouiku (paKy.miem tiXc.uujcKii <fiai<y.imeui

yHueep3uuteuia „Kupu.i u Meuioduj", 91000 Cxouje

HciiHTHBaHit cy KHHeTHKa n pannoTOKHH ycioBJi eKCTpaicnitje uopne i<nce;iiiHe na pa:s-

perjeHHx cyMnopHO-KHCejiHX pacTRopa noiwohy 2-eTiuixeKcanojia. IlpoMeHa KircejiocTii pacTnopa

y rpammajwa pH = 1 — 7, He.via yTHnaja na Kojni'iimy eKdpaxouaiic BopHe iaiceJiiiHe. Tlpit
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нсЬнч рН нрсдностима ока количнна опала слнка I . Расподела борне кнселнне нзмеЬу

фаза не завися од промене концентрации борне киселине у опсегу 0,01 до 0,1 то1,Дт3

док одсгугшьа наста) у на вишим концентрашпача 'сл. 3;. Екстракци)а борне киселине

у 2-етилхексанолу показухе завнсност првог реда у односу на борну киселину за почетне

концентраци)е ове од 5 • 10~4 до 0,1 то11сIт,. Процес ексгракшОе борне киселине из

разблажених сумпорно-киселих раствора ]е дифузноно-контролисан, што проиалазн како из

података о утица)у хидродинамчких услоыа рада на екстракци)у (слика 6), тако и на ос

нову доби)ених вредности енерги)с активацию (В — 19,9 к|/то1).

(Мрим.ъено 17. фебруара 1983
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

ВШХЕТШ БЕ 1.А 50С1ЁТЁ СН1М1СЦШ ВЕОСКАО

48 (8) 519—524 (1983)

СНйВ-940 \Л)С 621.3.035.3:541.18.045

Оп&пЫ $Ыепп/к рарег

Б11АЬ МЕМВКАКЕ 8ЕРАКАТКЖ ОР ОКОАШС В1ЫАКУ М1ХТ1ЖЕ8

АЫБ ЕЛШЬЗКЖЗ

МИлШ М1ТК.ОУ1С, Р1ЫР КАООУАЫОУ1С апс! №ЬТ (}ШЬШ

РасиИу о/ ТескпоЬцу апЛ Ме1а11ит%у, С/ягё'егяГу о/ Вс1§гас1е, Р. О. Вох 494,

УЫ-! 1001 Ве^гаОе, Уивпкппа

(Кесе1Уеа 31 МагсН 1983)

А сопсерг оГ (1иа1 тетЬгапе зерагаиоп, \укп 1\уо тетЬгапез оГ оррозкс

регтзе1ес11Уе сНагассегьпсз, р1асео" т сЬе вате сеП, «аз апа!узес1 апс1 ехрептеп-

са!1у спескес! оп ог^ашс пнхшге зсрагаиоп, Ьу ЬурегПкшюп апЛ ети1моп аера-

гапоп, Ьу икгаПкгаиоп. Вазес! оп По\\' гагез апс1 с1е§гсс5 оГ зерагаиоп, 11 иаз

зпстп 1па( 1пе еШаепсу оГ а с1и?.1 сеП 13 §геагег 1Ьап гЬе сСПаепсу оГ а зт1;1е се11,

\уцЬ соггезропс1те тетЬгапез. А1зо, гпе епег^у ипНгаиоп 13 аЫ'ауз Ьеиег Гог

(Ис с!иа1 зерагагюп. 1п гКе са5е оГ етиЫоп зерагаиоп с1иа1 зерагаюгз ргос1исе

Ьо1п рЬазсз т 1Ье риге Гогт. \уЫсЬ 18 1трозз1Ыс \укЬ зт§1е сеНз.

Апу зерагапоп згаре Гог а Ыпагу тшиге зерагапоп сап орегаге т глуо

сШТегет \уауз: зт^1е асиоп, \уцЬ гпе сотрозкюп оГ опе ошкг зггеат сШТеппр

Ггот гЬе сотрозтоп аг 1пе зга^е; апё с1иа1 асиоп, \упЬ ЬогЬ оигкг зиеатз сот-

розкюпз сНГГеппц Ггот гпе сотрозтоп а1 гЬе зса^с, зо гЬаг опе зиеат 15 еппсЬес!

\укЬ опе сотропет апс1 1пе огЬег \укЬ 1Ье яесопс! опе. 015гШа1юп зта^ез аге

зт^1е астюп зга^ез, \уЫ1е зга^ез оГ а Ггасиопа1 Няшс! схггасгюп со1итп аге с1иа1

асиоп зса^ез1. 8га§ез оГ гур1са1 ргеззиге ог сопсепггайоп с!пуеп тетЬгапе рго-

сеззез, зисЬ аз геуегзе 05тоз15 ог сПа1у815, аге зт?1е асиоп згарез, \укЬ а регтеаге

зггеат сотрозиюп сНГГеппр Ггот гпе сотрозтоп т гЬе сеП апс! а сопсепггаге

зггеат сотрозтоп еяиа1 ю 1Ье сотроз11:10п 1п ап 1с1еа11у т1хес! сеП.

1п тапу тетЬгапс зсрагаиЧт ргоссззез, тетЬгапез сотрозес! оГ уагхоиз

т1Гег1а1з ргойисе регтеагез \уЫсЬ сШТег 1п сотроз1Г10п т а \уау зи1ГаЫе Гог

с1иа1 зорагаГ10п. ТЬ15 15 уаНс! Гог гпе ЬурегГПи-аиоп оГ ог^ап1с пихгигез2, Гог

гКе рсгуарогаТ1оп3, апс! Гог зе1сспуе уаз регтеаиоп4. Еусп т гЬе сазе оГ \уатег

(1сза1тагюп, геуегзе озтоз15 апё р1сяос11а1уз1з ргойисе регтеагез епг1сЬес1 1п

\уагег ог 1п зак, гезреспуе1у4. Аз Ьаз Ьссп зЬо\уп5, с!иа1 зерагапоп тсгеазсз гЬе

Йеугее оГ зерагаГ1оп оГ Т.пе сеП, Ьиг оп1у т 1Ьс сазе оГ с!иа1 писго- ог и1ггаГЛ1га-

г1оп оГ ети1зюпв, сап 11 ргойисе ЬогЬ сотропетз 1п риге згаге.

ТЬе а1Ш оГ гЫз рарег 15 го рот* оиг гЬе ро.:>81Ь1Нгу оГ регГогт1П{1 с!иа1

тетЬгапе зерагаиопз ехрсптсШаНу, ю сотрагс зсрагаиоп сГГссгз апс! епегру

сопзитриопз оГ з1пу1с апс! (1иа1 се11з ап<1 хо сЬзсизз 1Ье регзрес11Уе Гог сопзиис-

иоп оГёиа! се11з апс! сг11ег1а Гог с!еус1ортет оГ тетЬгапс ра1гз.
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ЕХРЕКШЕЫТАЬ

Рог <1иа1 тетЬгапе зерагапоп ехрсптетз а $реаа1 глуо-тетЬгапе Ьурегг^Ьгаиоп се11

иаз сопз1гис1ес! (р1{{. 1). ТЬе се11 у.-аз Ьш1с оГ Ы({Ь-а11оу «1ее1, утЬ рогоиз гиррогт. р1акз Лог

Г1а1 С1гси1аг тетЬгапез. ТЬе сс!1 ууаз рго\1<1е<1 \тЬ а йоиЫе зиггег орегагес! Ьу ап ехгегпа!

 

1;18- ЬаЬогаюгу (1иа1 сс!1

гошппй та^пеис Пек!. ТЬе Геео! гшхшге «'аз Гес1 тю 1Ье се11 Ьу сотргеззес! пигогеп, т 1Ье

саче оГ ЬурегГ1Нга1]оп ехрептстз, ог Ьу 1\уо р1зюп ритрз, ш гЬе сазе оГ шЧгаЯИгаиоп ехреп-

тешз.

"ГЬе Пгч[ че[ оГехрептетз иаз рсгГогтес! инЬ Ыпагу Нцшс! гшхшгез оГ егЬапо1 — я-рго-

рапо1 ат! с1Напо1 л-Ьшапо1 1апа1уиса1 §гас!е геа^стз). ТЬе тетЬгапе ра1г изе<1 «-аз азут-

тегпс се11и1озе асеыю (СА) тетЬгапе, ргерагес! ассогсНп!» Ю КеГ. 2, апс1 е1есгго1упс а1иттшт

ох1с!с тетЬгапе, ргерагес! ах ш Ке1\ 7. ГЬе регтеаге разчт^ гЬгоивЬ 1Ье СА тетЬгапе «аз

аЫауз еппсЬес! 1п (Не 1оиег а1соЬо1 апс! (Ье регтеаге рачзт;» сЬгои^Ь гЬе АЬОз тетЬгапе

1п (Ьс ЫрЬег опс. 8срагаиоп иач регГогтес! ичт^ а сопзгап! ргеззиге сНГГегепсе оГ 3 МРа, апс!

а( тот сетрега(иге оГ 20 2 С. Рхрептепгз \\еге сатес! оиг лх а гагЬег ЫвЬ Геес! апс! сопсеп-

[га[е По\у га!еч, чо 1Ьс сотрозтоп т гЬе се11 \\аз тс!ерспс!еп1 оГ 1лте, Пихез гЬгоиеЬ тет

Ьгапеч апс! черагагюп ГасСогз оГ ЬиЬ тетЬгапез. ТЬе гези1(з аге ргезепгес! т ТаЫе I.

Гчтк I Не чате се11, 1уреч апс! чиггасс агеач оГ тетЬгапез, сша1 черагаиоп оГ а гшхшге Ьеп-

7Спе-с[Ьапо1 иач рстГогтеЛ. Ресс1 то1аг гаио Ьепхепе - е!Ьапо1 иаз 0.338 : 0.662. ТЬе ргез-

чигс сЫТегепсе иач уапес! 1"гот 0.50 го 3.00 МРа. ТЬе гези1гз аге ргезетес! ш р1&. 2.

1)иа1 тетЬгапе черагаиоп оГ ети1чюп иач регГогтсс! аз ш КеГ. 6. 1п опе зе1 оГ ехреп-

тетч оЬ\с оЛ иа1е! етиЫопч, ипИ 10, 30 апс! 50",, оПуе о!1 (Ьу уо1ите) \геге ргерагее!.

ТЬе Ьус!горЬШе тетЬгапез иеге АМ1СОК РМ-10 ро1учи1Гопе тетЬгапез, апс! 1Ье ЬуйгорЬоЫс

тетЬгапеч иеге УСКВКИ. ТеПоп тетЬгапез, а\'сга§с рс ге еНагскчегч 0.02 («п. Нуе1горЬШс

тетЬгапеч иеге сопсИсктеи 1п \уа(ег аги.1 ЬуПгорЬоЫс т оП, юг 24 Ь. Ехрептепгз иеге сагпес!
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ТАВЬЕ I. Виа! ЬурехП1[га1юп. М1х1иге$: «Капо! - я-ргорапо1, е(Капо1 л-Ъшапо!

Еспапо! - п-ргорапо1 ЕгКапо! - н-Ъшапо!

НесЛ то1. гагю

Реей Ло\у гаге (ст3/з)

Туре оГ тетЬгапе

МетЬгапе зи'Гасе агеа (ст-)

Р1их оГ регтеаге (в/ст2 я)

Ое§гее оГ зерагаиоп (а) .

0\гег-а11 с!е§гее оГ

зерагаиоп (алв)

60 : 40

С. А.

26

1.4 х 10-

1.046

АЬОз

3.5

1.5 х

0.91

1.15

10"

65 : 35

С. А.

26

0.95

1.076

10—*

лиоз

3.5

0.85 х 10"3

0.92

1.17

1.00

050

0.80

Рд= 3.5 ст2

А - 0Д(ВЕ)

0 -^А

/о -

ргАВмдх = ,-30 -

Р
г —° 1 1

Рв = 26 ст2

гр ЗР ДР[МРаЗ

У _ 0В1ВЕ)

• -о^в

<

я
К

р1ё- 2. Оиа1 ЬурегПкга^оп. М1хшге: Ьепхепе - егЬапо1; то1аг

гапо 0.338:0.662. Р1о1 : (Зе^геез оГ зерагап'оп апй Пихез п. ргеззиге

сЯГГегепсез.

ои1 а1 ргеззиге сНГТегепсез оГ 0.10, 0.20 апс! 0.30 МРа Гог ЬускорЬШс тетЬгапез, апс! оГ 0.20,

0.30 аги1 0.40 МРа Гог ЬусГгоргюЫс опез. ТНе гезикз аге ргозепсес! ш ТаЫе II, Гог гЬе ети1-

зюп \У1(Ь 10% оИ.

ТАВ1.Е II. Пиа1 зерагаи'оп оГ етиЫопя. 8уз1ст \уа(сг 90",', оИуе оН 10% (Ьу уо1.). Р1ихея

ат1 ригтез оГ регтеагсз уз. ргеззиге оМГГегепсся

Лр КРа 0№ ст/з Оо ст/з 0/№% №/0%

х 104 х 104 \у. регт. о. регт.

"100 9^8~" 0.1

200 12.2 1.3 0.2 0

300 14.5 1.6 0.25 0

400 1 .75 1гасез
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ЕШаеш НуигорпоЫс ат1 ЬуигорЫИс тетЪгапе? «еге ргерагеи Ьу с1еро511тр ^гарпие

ог дгарЫпс ох1(1е т 1пс рогех оГ рогоиз в'345 П11егз*. А Ьгоас! гап^е оГ сМйегет етикюпх

«га* 1«1еи \\-|(К гЬсхс тетЬгапез апи геЫиопз соппесипе зерага1юп спагасгетпсз оГ етиЫопз

апи рпу$1са1 спагас[спз11сз оГ 1пе зуягет \усгс Гоипи.

КР.Ш1/Г5 АЫП ШЗСЬ'ЗЗКЖ

1п ЬотЬ сазез оГ зерагагюп о!" Ыпагу ппхшгез 1Ье Сергее» оГ зерагаиоп

аге зтаП Гог екЬег тстЬгапс, 80 1Ье оусг-аП Сергее оГ зерагаиоп Гог гЬе с1иа!

сеП 15 по1 1агре. Еуеп зо 1Пе аоЧ'атаре оГгпе с1иа1 5у51ет 15 еучйет. №Ьеп с1е§гее5

оГ 5ерагаиоп аге 1агре, 1!8 Гог гпе пурегГПггаиоп оГ ап егЬапо1 — ху1спе гтхшге

гпгои^Ь СА апй ро1уегпу1спе тетЬгапек, гезресиуе1у2, йергеез оГ зерагаиоп

аге 0.40 апс! 47, апс! гпе оусг-аП Сергее Гог а с!иа1 се11 \Уои1с1 Ье аАц г = 1 16. Оиа1

регуарогаиоп \Уои1(1 Я1Уе, Гог гЬе зузгет Ьепгепе — тегЬапо1 ап<1 СА-ро1у-

егпу1епе тетЬгапез, ап оуег-а11 <1ергее оГ зерагаиоп адв = 36.73.

Ниппегтогс, сотЬттр (1ага Гог зт^е зерагаиопз оГ огратс Няшс1з2, II

18 ро581Ые ю оЬгат оуег-а11 зерагаиоп Шаргатз Гог а ргозресиуе с1иа1 зерагаиоп.

ТНе зсНете Гог а с1иа1 се11 15 ргезетес! т Р'щ. 3 апс! 1Ье оуег-а11 зерагаиоп сНа-

ргат т р1§. 4.

1

МЕМВНАЫЕ В

г

МЕМВЯАЫЕ А

1

р1'ё- 3. 8сЬете оГ а ииа! зерагаиоп се11

 

р18- 4. Оиа1 зерагаиоп Лаегат Гог 1Ье

пурегГПггаиоп. М1хтге: е1папо1 р-ху-

1епе.

Рог а руеп Ыпагу гтхшге апс! тетЬгапе5, 1Ье сотрозтопз оГ регтеатез

аге Гипсиопз оГ гЬе сотрозкюп т гЬе се11 апс! оГ гпе ргеззиге сИГГегепсез асгозя

гпе тетЬгапез (Гог ап 1 <1еа ] 1у ггихсо* се!1 апс! тс1ерепс1еп1 тетЬгапез)

х =/(г, Дяа); У = /(*> Дрв) П.

ЧХ'Ьеп а сопсепиаге Г1о\у гаге С 15 1агре сотрагес! го Г1о\у гагез Г + V, а? ш

оиг ехрег1тепГ8, к сап Ье аззитес! гпаг г = хр. Магепа! Ьа1апсе ециатюпз аге

Р = V + Ь + С с::
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Рхт =Ьх + Уу 4- С г. (3)

Ву афшгщ^ зиггасе агеаз ог" тетЬгапез апс! ргевзиге сЬгТегепсез асгозз

тетЬгапез 1Г 15 роззМе го оЬгат ап ,Дс1еа1" с!иа1 верагагюп. Иеа1 5ерагагюп

ех15Гз \уЬеп гЬе сопсепггагюп т а регГесггу ппхес! се11 15 г = хр.

Ргот еяиагюш (2) апа (3) Ыеа1 <1иа1 5ерагагюп 15 оЬгатес! \уЬеп

Ь-У-'* (4)

V ху — х

Рог гЬе Ппеаг ге1агюпз

Ь = К.к Ра Дрл апс! V = Кв Рв Арв (5)

апс! юг еяиа1 ргеззиге сШТегепсез асгозз тетЬгапез, опе оЬгатз гЬе гагю ох"

тетЬгапе зиггасе агеаз

Рл _Кв у—хе ^

Рв Ка хр— х

ог, йедгеез ог" верагагюп гог ЬогЬ тетЬгапез

ав

^=КВ/Кл— ^?-1И± (7)

Рв ал _

*г (аА— 1) + 1

Моге сотрНсагес! ге1агюпз ех1зг \уЬеп ргеззиге сИЙегепсез аге пог еяиа1,

зтсе ЬогЬ Лош гагез апс! ёедгеез ог" 5ерагагюп с!ерепс! оп ргеззиге сШТегепсез. 1п

гпе сазе о? а погис1еа1 с!иа! 5ерагагюп гпе сопсепггагюп г гакез оп а уа1ие 8аг1з-

гут§ гпе Ьа1апсе ециагюпз.

№Ьеп гЬе сопсепггаге По\у гаге 15 гего гЬе епегду сошшпргюп оГ а с1иа1

се11 13 арргох1таге1у опе Ьа1Г ог" гЬе епегду сошитргюп юг а соггезропсИпр

зт§1е се11 апс1 гЬе Ги!1 епег^у оГ гЬе ритр 13 изес! гог гпе зерагагюп апс! гЬе \уогк

а^атзг тетЬгапе гез1згапсез.

Биа1 5ерагагюп оГ ети1зюпз ргоаисез ЬогЬ рЬазез щ а пеаг1у риге югт,

еуеп Гог ехггетеГу Ппе сНзгпЬигюп о!" опе рЬазе. А сотркге зерагагюп 18 роззтк

т а Ьгоаа гап^е оГ рЬазе \уе1§пг Ггасгюпз. ТЬе тах1тигп рЬазе зерагагюп ргеззиге

сЫТегепсе скрепск оп1у оп гЬе тетЬгапе роге 51ге сИвгпЬигюп апа оп гЬе т-

гегГааа1 гепзюп Ьег\уееп гЬе г\уо Пяшсгз т гЬе ети1зюп.

А с!иа1 се11 юг ети1зюп зерагагюп сап орегаге сопгтиоиз1у, 1Ъг юпр репосгз

оГ г1те. Рог геа1 зузгетз ап оигПочу о!" сопсепггаге зЬоиИ ех!зг го гетоуе 1т-

риг1г1ез. ТЬе епег^у сопзитргюп юг сотркге зерагагюп оГ рЬазсз 15 аЬоиг

опе Ьа1Г о{ гЬе епегду сопзитргюп оГ а соггезропат^ 5т§1е се11 зузгет.

Ир го почу оп1у гЬгее тетЬгапе рапе Ьауе Ьееп гезгес!: СА — АЬ^Оз,

СА — ТеПоп, апс! ^гарЫге — ^гарЬ1г1с ох1с1е. АссогсИпд го гЬе 1кегагиге с!ага

и 15 ро551Ые го Г^пс! тисЬ тоге еГПс1епг тетЬгапе ра1Г5 юг гЬе 5ерагаг10п о!"
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(ИГГсгст Пяшс1 хучгетт, егпег Ьу Нуре.ГПтгапоп, о: Ьу регуарогапог.. ТЬе хуз'ет

цгарЫ'.е - сгарЫ к сшск иа5 хисссадГ^Иу гс5:с<1 оп1у оп ст1 1$юп всрлгачо ,

Ьаг тлпЬгапез ргерагес! оГ тисп Ппег рагис1е5 арреаг уегу ргоп-шшр Гог гЬе

с!иа! черагииоп оГ токси1аг плхшгсз.

АкНоирп (1аа1 зерагапоп муаз 1езгес1 ог.1у оп Ьурсг- а: (1 и1 гаПкгагюп 11

15 с1еаг 1па» гНе чате р т<лр1е сап Ье аррПеЛ '.о хексчЧ'е ра<; рлтеймоп, го регуа-

ро.апоп аа(1 го гпегторггуаро.-айол, ктп гпе 5ате аёуагларез сопсегтлгр Йе-

цгееч оГ яерагаиоп апс! спегру шШгаиол.

8УМВ01.8

С ГтоГч / сопсетгагс то1аг Пои,-

Р 'то1 ч; ГеЫ то1аг Пои/

Л (то1 Ч> регтеа1с А то1аг Пош

I' (ачЛ'ч) регтеже В то1аг Г1о\у

х, у, г то1аг Ггаспопх

а Лертее о( зерагамоп2

1ан ■ ал/хв о\-ег-а11 с!евгее оГ херагапоп
0 '({'«л2») Пих оГ а регтеа(еч

К (то1/ст2 ч Ра) По\у соеГПстет

Р\, Рн (ст-) тетЬгапе яигГасе агеа

И з В О л

ДВОЩА МЕМБРАНСКА СЕПАРАЦЩА ОРГАНСКИХ БИНАРНИХ СМЕША

И ЕМУЛ31 ЦА

МИЛАН МИТРОВ1ГК, ФИЛИП РАДОВАНОВИЪ и «'О ОДЛЫК

Технолтико-мсшалуршки факулшсш Универзишеша у Београду, й.йр. 494, 11001 Београд

Концепт дво)не мембранске сеиараци)е, са две мембране супротннх пермселективних

карактеристика, постанл»ене у исту Ьели)у, био )е анализиран и експериментално проверен

на сепаратен органскнх смеша хиперфилтрашпом и сепаратен емулзи)а ултрафнлтрашцо.ч.

На оснону протока и степена сепаранте показано )е да )е ефнкасност двойне Нели)е веЬа

од ефикасности просте Нели)е са одговара)\тЧим мембранама. Тако1)е, искоришЬен>е енерппе

1С упек Гкмье за дпощу сеиараци)у. У случа)у сепарацше емулзи^а двойни сепаратори да)у

обе фазе у чистом облику, што )е немогуЬе са простим Ьели)ама.

(Примллно 31. марта 1983))
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

В1ЛЛЛ2ТШ БЕ ЬА ЗОС1ЁТЁ СНШ^Е ВЕОСКАЭ

48 (8) 525—530 (1983)

ОНШ-941 1Л5С 546.431/546.41:543.42

Отщхпа\ хаепМ/гс рарег

СПЕКТРОФОТОМЕТРЩСКО ИСПИТИВАгЬЕ РЕАКЦЩЕ БАРЩУМА

И КАЛЦЩУМА СА РЕАГЕНСОМ 2,7-БИС-(4-КАРБОКСИБЕНЗЕН-АЗО)-

-1,8-ДИОКСИНАФТАЛЕН-3,6-ДИСУЛФОНСКОМ КИСЕЛИНОМ. I

НАДА ПЕРИШИЪ^АГЬИ-Н, ДУБРАВКА БАШШ

Писшишуш за хемщу, Природно-машемашички факулшеш Универзишегйа

у Новом Саду, 21000 Нови Сад

II

АУРОРА МУК

Писшишуш за иуклеране науке „Борис Кидрич", й.йр. 522, 11001 Београд

(Примл>ено 13. ма)а 1983)

Спектрофотометри^ски )е испитана реакци;а бари;ума и калци)ума са

реагенсом 2,7-бис-(4-карбоксибензен-азо)- 1 ,8-дпоксинафтален-З ,6-дисулфонс-

ком киселином. У кисело) средтш рН 0.5 — 5 а бари)ум н калци)ум граде са

овим реагенсом комплекс тзв. типа III (X", = 7065 пт; ?. ^,*„ = 698 пт).

Применом 1оЬ-ове методе )е утвр^ено да )е састав комплекса и бари)ума и

калци)ума Ме : В. = 1:2. Испитиван>еа су показала да ;он натри)у.ма, при овпм

условима тако!)е реагу)е са реагенсом, алн тек при великом вишку метала (при

моларном односу Ыа : К — 1000 : 1). Резултати показуху да се ова) реагенс

може користнти за спектрофотометри)ско одре!)иван>е бари^ума и калЦП)ума.

Рани)а испитивавьа реагенса 2,7-бис-(4-карбоксибензен-азо)-1,8-диокси-

нафтален-3,6-дисулфонске киселине су показала низ ньеговкх карактеристич-

них специфичних особина1 4. У кисело) средний ствара веома изражен „ано

малии облик" реагенса, ко)и )е детально испитан и окарактернсан одговага-

)уЬим равнотежним константама1. Реагу]е са веЬим бро)ем )она метала, при

чему гради комплексе различнтог типа2-5, па и комплекс тзв. типа III ко)н

)е )ош увек недовольно об)ашн.ен6. Сматрали смо да би било интереса! [тно

испитати реакци)у бари)ума и калци)ума са овим реагенсом и па основу до-

би)ених резултата извести заюьучке о природп комплекса и могуЬо) анали-

тичко) примени.

ЕКСПЕРИМЕНТЛЛ1 II I ДЕО

Реагенс, 2,7-бнс-(4-карбоксибензен-азо)-1 ,8-диоксннафтален-3,6-дисулфо11ска кисе-

селина, )е еннтетисан стандардним поступком". Препарат )е оно чнстоЬе 81",, рачунато

на киселину. Све остале кориипЧене хемикали;е биле су чистоКе р. а. Спектрофотометри)Ска

мереаа су вршена на апарату Уапап Сагу 219. рН )е мерен на рН-метру М 26 КаЛ(Япе1ег.
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РЕЗУЛТАТИ И ДИСКУСЩА

У кпсело) средний рН 0,5 — 5 ова) реагенс реагу)е са бари)умом и кал-

ци)умом. Снимл>сни спектри насталог комплекса бари)ума и калци)ума по

кажу апсорпциони максимум на 705 и 698 пт (сл. 1 и 2).

 

X. (пт)

Слнка I р1виге

Спектри комплекса бари)ума са реагенсом сннмл>енн при разлнчитим

односнча метала и реагенса.

АЬзогрпоп 5рес(га оС 1Ье Ьапипт сотр1ех «иЬ 1Ье геавеги (Ю гесоЫе.1

а( сНГГегеШ то1аг гаио$ оГ те(а1 агк! геавеш.

Сна 1.8 V 10 й то1 ат », рН = 2.0

Порс1)С1ьем оннх снектара комплекса бари)ума и калци)ума са реагенсом

са спектрима познатих типова комплекса других реагенаса деривата 2,7-бис-

-азо-бензол хромотроине киселипе7, закгьучено )е да се овде )ав.ъа тзв. тип

III комплекса.

БудуЬи да )е констатовано да ова) реагенс гради исти тип комплекса

са калци)умом и бари)умом (сл. 1 и 2), испитана )е посебно реакци)'а бари)ума,

а посебно рсакцл)а калци)ума са реагенсом.

Да Пи сс нспнтали услови под ко)има наста)'е комплекс барн)ума и ком

плекс калцщума са овим реагенсом, снимл>ени су апсорициони спектри при

различитим односима метала и реагенса (сл. 1 и 2). Као што се са слика види,

исти комплекс наелчн'с и при нишку метала и при вишку реагенса.

Спектри К'>м иекса бари)ума и калци)ума са реагенсом, снимтьени у

различитом временском интеркалу, гюказу)у да се интензитет апсорпщф на

апсорнционом максимуму у интервалу од 1 сата повеКава, што значи да се

у том [.р<.мену комплекс формнра. После дужег ста)ан>а (10 часова) долази
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AO CMaiteika HHTeH3HTeTa ancopmnije KOMnneKca, o^hocho 30 H>eroBe pa3rpan,H>e.

Pe3yjiTaTH cy noKa3ajiH «a BHmaK peareHca ymne Ha 6p>Ke (popivmpaifce kom-

njieKca.

 

Cjihks 2 Figure

CneKTpH KoMmieKca KaiiuHjyivia ca peareHCOM CHHMJbeHH npH paanirqHTHM

oAHOCHMa Meiajia h peareHca.

Absorption spectra of the calcium complex with the reagent (R) recorded

at different molar ratios of metal and reagent.

Cc. = 1.8 x 10-« mol dm 3, pH = 1.4

Ha TajiacHoj ay>KHHH MaKcwwyMa ancopnuHje KOMmieKca 6apHjyj«a h kom-

nneKca KajnrHjyMa ca peareHCOM, CHHittJteHe cy „S" npHBe noje npaTe npojnene

ancop6aHUHje KOMruieKca y 33bhchocth ofl pH, o^hocho npaTe ynmaj pH Ha

HacrajaH>e KOMiuieKca. „S" npHBe cy CHHMJteHe npH pa3JiHMHTHM oflHocHiwa iwe-

CnHi<a 3 Figure

„S" Kp«Be npomeHe ancop5aH-

uiije KoiwimeKca CapjijyMa h

KOMnjienca KajiuiijyMa ca pea-

renco.M.

„S" curves of absorbance chan

ges of the barium and calcium

complexes with the reagent.

Co. = 3.6 x 10-5 mol dm"3
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тала и реагенса (сл. 3 и 4). Као нгго се са слика види, комплекс и калци^ума

и барн)ума наста)е у интервал}' рН 1-2. „Я"' криве снимл>ене при различитим

однгсима метала и реагенса се ме!)у собом р&злику)у. Код „5" крипих сним-

 

те!а1а /25стэ

Слика 4 р1§иге

„5" криве промене апсорэаншпе комплекса бари)ума и комплекса калцн)ума са

реагенсом.

„5" сип е? оГ аЪзогЬапсе сЬапвез оГ 1пе Ъагшт апЛ са1сшт сотр1схе$ \\ 1ГЬ гИе геа§епг.

льених при вишку реагенса, разлику)у се два дела и то: први део при рН

0—1 прати процес наста)а1ьа комплекса, а други део, при рН 1 .5 — 5 разградил"

комплекса .

Састави комплекса реагенса и са бари)умом и са калци)умом су одре-

})сни )оЬ-овом методом континуалних варн)аци)а. На основу добщених ре-

зултата констатовано )е да )е састав комплекса Ме : К = 1:2.

Да би се одредиле могуЬности аналитичке примене овог реагенса за

спектрофотометри)ско одре^инаше баи)ума и калгцпума, ура!)ена )е провера

Веег-овог закона. На сл. 5 су приказане промене ансорбанци)е комплекса

барн)ума а) и комплекса калци)ума Ь) са реагенсом у зависности од- количине

метала. Кап што сс са сл. 5 види, они се покорава)у Веег-овом закону при

к<м1центраци)ама од 20 60 и^/25 ст:).

БудуЬи да )е провера Веег-овог закона показала да би се ова; реагенс

могао користити за спектрофотометри)ско одре!)ива1ье малих количина бари-

1ума и калцн)ума, било )с неопходно испитати утица) неких )Она на ову ре-

акци)у и то нре снега Мц2", С1 и ЫОз ~. На основу сним-ъених апсорп-

цноних сиектара заключено )е да магнези)ум не реагу)е са овим реагенсом.

Испитинаша еу показала да магнези)ум не реагу)е ни при вишку метала ни

при нплжу реагенса.

Испитинашс реакци)е натри)ума са реагенсом )е било неопходно, )ер

)с он )едан од елемената ко)и \с чеето нрисутан. Натри)ум са реагенсом реагу)е

тек при пешком вишку метала Ме : К = 1000 : 1 и Ме : К = 500 : 1 у
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односу на реагенс чи)а )е концентрагдф била Св. = 3 • Ю-5 то1/с!т3. Ме-

рен>ем апсорбанци^е на таласно) дужини апсорпционог максимума при разли-

читим рН, показуху да се ова) комплекс ствара при рН 1—2.5.

 

Слика 5

Промене апсорбанци)е ком

плекса са реагенсом на апсор-

пционом максимуму у завис-

ности од количине метала.

а)Кари)у.чД = 705 пт, Зет3

реагенса 0,05%, Ь)Калци]у.м,

X =-- 698 пт, 0,75 ст3 реа

генса 0,05",,.

Р1§иге

АЬзогЬапсе сЬапеез оГ 1пе

сотркхез а1 1пе аЬзогриоп

тах1та скрепите оп 1пе

атоип15 оГ тегаЬ. а) Вагшт,

X = 705 пт, 4 ст3 оГ геавст

0.05%. Ь) Са1сшт, X = 698

пт, 0.75 ст3 оГгеавет 0.05 "п .

Испнтивашем овс реакци)е заключено ]е да се знатно разлику)е од

реакщф бари)ума и качщп'ума. Док бари)ум и калщцум рсагу)у са реагенсом

и при витку реагенса и при вишку метала, комплекс натри)ума ее ствара

само при великом вишку метала. Апсорпциони сисктри показуху да )с апсор-

нциони максимум овог комплекса померен за 10 пт ка краЬим таласним ду-

жинама у односу на апсорпциони максимум комплекса бари)ума и калци)ума

са реагенсом.

БудуЬи да натри)ум реагу)е са реагенсом само при великом вишку ме

тала, то указу)е да се овде не ствара комплекс тзв. типа III, веЬ всроватно

)онско сташе реагенса аналогно „аномалном облику" 1-7-8, )ер се )авл>а у )ачс

киселим растворима при веЬо) )Онско) )ачини. топска )ачина раствора у ко)ем

)е однос N8 : К — 1000 : 1 )е [ц = 0.04 (при рН 2), а раствора у ко)ем

настану комплекси бари)ума и калци)ума )е <л-2 0.01 при )еднако) вред

ности рН.

Показано )е да присуство анрна С1 и ЫОз нема утица)'а на реакци)у

бари)ума и калци)ума са реагенсом.



530 nEPHIUHTi-JAH.HTi, EAJKHH h MYK

JJa 6h ce H36erao eBeHTyajiHH ynmaj joHa HaTpMjyMa Ha peaKUHjy 6apHjyMa

h KaimHjyMa ca peareHcoM, npoBepa Beer-oBor 3aKOHa je ypa^eHa npn pH = 3

(en. 5) rfle HaipHjyiw He pearyje.

Jlo6HjeHH pe3yjrraTH noKa3yjy fla je peaKUHja 6apHjyi«a h KajnmjyMa ca

obhm peareHCOM aobojbho oceiTbHBa, MOjiapHe ancopnTHBHOcra cy:

ec» = 1.7 • 104 dm3 mol"1 cm-1,

6b« = 3,0 • 105 dm3 mol-1 cm-1

h aa ce OBaj peareHC MOHte ynoTpe6HTH 3a cneKTpodpoTOMeTpHjcKO oapel)HBaH.e

MajiHX KOJiHMHHa SapHjyivia h KajiuHjyMa.

SUMMARY

SPECTROPHOTOMETRIC INVESTIGATION OF BARIUM AND CALCIUM REAC

TIONS WITH 2,7-BIS-(4-CAJ*BOXYBENZENE-AZO)-l,8-DIOXYNAPHTHALENE-3,6-

-DISULPHONIC ACID

NADA PERlSlC - JANJIC, DUBRAVKA BAJKIN and AURORA MUK*

Institute of Chemistry, Faculty of Science, University of Novi Sad, YU- 21000 Novi Sad,

and *The Boris Kidrif Institute of Nuclear Sciences, P. O. Box 522,

YU-11001 Belgrade, Yugoslavia

Reaction of barium and calcium with the reagent 2,7-bis-(4-carboxybenzene-azo)-l,8-dioxy-

naphthalene-3,6-disulphornic acid was spectrophotometricaly investigated. In acidic media pH

0.5 — 5 barium as well as calcium form with the reagent a complex of the so called Type III (X

Ba = 705 nm, X 2L. = 698 nm). By the Job method the composition of barium and calcium

complexes was determined (Me : R — 1 : 2). Under the same conditions the sodium ion is

forming with the reagent a complex only at the molar ratio Me : R 100 : 1. Results show

that this reagent can be used for spectrophotometric determination of barium and calcium.

(Received 13 May 1983)
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TEMPERATURE MEASUREMENTS IN INDUCTIVELY COUPLED

PLASMA USING THE ABSOLUTE RADIANCE METHOD
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YU-11001 Belgrade, Yugoslavia

(Received 24 March 1983)

The radial distribution of excitational temperature in an air inductively

coupled plasme discharge operated at atmospheric pressure was meaesured at differ

ent observation heights (at the bottom, in the middle and above the load coil).

The absolute intensity distribution of the N I 746.9 nm line was used. The tem

peratures ranged from about 6000 to 10000 K.

Methods for determing the radial temperature distribution in argon plasmas

produced as D. C. arcs, plasma jets or inductively coupled plasma (ICP)

discharges have been summarized by several authors1" 9. Electrical and enthalpy

probes have been employed but spectroscopic methods were used in most studies.

Several spectroscopic methods of temperature measurements may be considered.

They include the following: Doppler effect, radiance of rotational or vibrational

spectra, line shifts and broadening o'her than Doppler, spectral radiance of the

continuum, radiance of single atoms or ion lines, the radiance of a single line rel

ative to its maximum, atomic or ionic line radiance ratios, and emission to ab

sorption ratios.

Methods for temperature determinations in argon ICP discharged under

atmospheric pressure most suited are: 1. Radiance of a single atomic line, 2. Atomic

line radiar.ee ratio and 3. Radiance of the continuum.

In order to apply the first method, several constants must be known (statis

tical weight of the upper state, transition probability, the internal partition func

tion, the energy level of the upper state and the number density of the species.

Since the local thermodynamic equilibrium is assumed, the equilibritm value

for the number density and partition function as a function of temperature may

be used. Spectrometer calibration (radiance response) is required.

The second method has the advantage that the number density of emitters

does not have to be determined if the line originates from the same species. The

relative transition probabilities can be used and a spectrometer calibration is not

necessary. A limitation of this method is that the difference between upper energy

levels must be greater than 1 in order to achieve satisfactory precision ar.d accuracy.

To obtain the temperature using spectral radiance of the continuum, the
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electron number density must be known as a function of temperature, the thermal

equilibrium must be assumed, and spectrometer calibration (radiance response)

is required.

Because of its great sensitivity, the single line radiance was used in the present

work for determination of the radial temperature distribution in an air ICP.

EXPERIMENTAL

The equipment was a setup described by Mayer10. The scheme of arrangement is given

in Fig. 1 . The ICP system consist of s generator (Lepel, Model T- 10-3-MC- 1 - X-SA) operating

at 27.12 MHz with 3 turn (3/8 in copper load coil. The torch was made of quartz as it was men

tioned in10. The flow system includes pressure and flow regulators. The optical system of a 0.75-m

 

POP"

' loop, d.
o »

PC 

Fig. 1. Scheme of the arrangement: MB-matching box, G-generator,

R-rccordcr, M-monoehromator, T-terminal, L-lens, PC-programmable

picoammeter, MC-stcp motor

Czerny Turner monochromator (Spex Model 1700 II, 1200 g/mm gratign, slii width 50 am en

trance and 50 urn exit) with a 1 : 1 image of the plasma focused on the 2 mm long entrance slit

was calibrated because of using the absolute radiance method for measuring the temperature

distribution.

The calibration was performed using a light source, tungsten filament (G. E. FAD, 120 V.

650 W). This lamp was calibrated against a standard lamp.

The experimental condition under which the air ICP was running were as follows: for

ward power 3.6 KW, reflected power 0.01 KW, aerosol gas flow rate o0.8 1/min, auxiliary gas

flow rate 1.5 1/min, and coolant gas flow rate 23.8 1/min.

The plasma torch is presented in Fig. 2 with dimensions: outer tube 18 mm i. d., in

termediate tube 16 mm i. d.,and aerosol tube 0.5 mm i. d. The displacement of the torch with

the matching box in x, y and z directions is controlled by a microcomputer PDP 11/03 (32 K).

Scanning time for 60 data points was 70 s.
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aerosol gas

Fig. 2. The plasma torch

The output signal of the monochromator — the photomultiplier anode current — is a

function of the photomultiplier response, the optical system and the radiation source radiation.

The spectral response of the system, SQ.), is determined by observing a source of known radiance

and mesuring the photomultiplier current. The opt'eal arrangement used in this experiment

is presented in Fig. 3. The calibration must be performed at each wavelength at which measure

ments are to be made. The filament current of the tungstem lamp was controlled by a

variable transformer. The lamp was mounted in such position so that transmission losses,

SM

-0
ICP

Fig. 3. Optical arrangement:

TL-tungsten lamp, M-mir-

ror, L-lcns, SM-monochro-

mator, ICP-plasma source



534 N. KOVAClC

the optical path and solid angle were the same during the experiment and the calibration. The

apparent temperature, 7'lPp, of the tungsten filament was determined with a calibr-ted disappear

ing filament of an optical pyrometer (Model 8622, Leeds and Northrup, Philadelphia, Pa).

The pyrometer filter permits observation of a filament radiation in a narrow band centered at

650 nm and the true temperature, '/'true, can becalculated using the equation

22135

T —<rue ln{l + 0.93 e[exp (22135/7'aPP - 1)]}

where e is the emissvity of tungsten at 650 nm.

The emissivity of tungsten as a function of wavelength and temperature has been deter

mined by De Vos11. Knowing the true temperature, the radiance of a tungsten filament can

be calculated from the Planck formula and the tungsten emissitivy:

C X~5

N(X)^ - ' e(X) 0.92

exp(C,/XT) - 1

where Ci - 2hc* and C2 -hc k, in which h is Planck's constant, k Boltzmann's constant and c speed

of light.

The radiance of the source, N(X), is related to the photomultiplier current, />,and the

spectral response, S(X) as

N (X) = ix 5 (X).

The photomultiplier current was converted into voltage by a programmable picoammeter and

measured using the microcomputer.

RESULTS AND DISCUSSION

The relative lateral intensities at different observation heights (— 10 mm,

bottom of the coil; —5 mm middle of the load coil; 0, top of the coil; 2 mm, 4 mm

and 10 mm above the load coil) were measured directly. The absolute lateral in

tensities at different observation heights can be calculated by multiplying the

response coefficient with measured relative lateral intensities for a unit time,

a unit area of entrance slit and a unit solid angle. Curves of lateral intensity distri

butions at each observation height were smoothed using the orthogonal polyno

mial method. A 30 points Abel inversion12'13 was used to transform absolute lat

eral intensities into absolute radial intensities of the emission coefficient.

By comparing the inverted emission coefficient distribution (experimentally

determined) wirh the theoretically predicted emission coefficient, the radial tem

perature profiles can be obtained.

The line emission coefficient is given by the equation

siinc = exp ( — Enjk T)

•n which >. is the wav ength, gq is the statistical weight o!" the upper state, AU]1

•s the transition proba lity, Zj is the internal patrition function of the jtb species,
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Fig. 5. Excitation temperature distribution in an air ICP based upon N I

746.9 nm absolute emission intensities at the bottom of the induction coil

( -10 mm), the centre of the induction coil ( 5 mm), the top of the in

duction coil (0 mm). Other positions above the load coil are 2, 4 and 10 mm.
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rtj is the number density of species Eq is the energy level of the upper state and

T is the temperature.

The physical constants for the N I 746.9 run line are: #q = 4, Aqv = 1.61 x

x 107 s L, and Eq = 11.99 eV. (The dimension of the emission coefficient is

W/cm3sr). The number densities for the components of an air plasma given by

Drellischak et a/.14 and Hilsenrath et a/.15 were used.

The emission coefficienet for the N I 746.9 nm line was calculated as a

function of temperature and presented in Fig. 4. The radial temperature distribu

tion for the N I 746.9 nm line is presented in Fig. 5. These results indicate that

the radial excitation temperature field in an air ICP ranged from 6000 K to 10000 K.

The temperature depression along the central analyte channel is similar to that

observed in argon ICP16, and results from the carrier gas flow. The temperature

field in the induction zone in the middle of the induction coil ( — 5 mm) reaches

an off-axis maximum of about 10000 K between a radius of 2.5 and 4 mm. The

radial temperature distribution becomes more uniform above the top of the in

duction coil, especially for observation heights larger than 4 mm. The measure

ment error in estimating the temperature is about 400 K. The measured tempera

ture represents the time averaged value over the integration period.

Acknowledgment. The author wishes to thank Prof. D. Ramon M. Barnes for helpful dis

cussions and suggestions.
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MEPEILE TEMnEPATYPE HH^VKOBAHO CIIPErHYTE ITJIA3ME KOPIlIIFREIfcEM

METOPE AIlCOJlVTHOr I1HTEH3HTETA

HAHA "B. KOBAHHH

Ilncuiuiuyui ja tfiujimuy xejuujy 1 1pupodno-.uaiue.uauiwtKoe (fiaKy.tiueuia, Eeocpad

MepeHa je paflHjajma pacno;iejia cKcmiTamione TeainepaType wmyKOBaHo cnperHVTe

IUW3MC Ba.j,ivxa Koja ropu no;t Hop.wajiHHM npHTHCKoiw KopinuheikeM anco.iyTHor HHTeH3irreTa

jiHHHje N I 746.9 nm. Te.wnepaType cy on 6000 no 10000 K.

(IIpjiMJfceHO 24. .wapTa 1983':
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Abstract. A procedure was developed for de

termination of the tetracycline (H3TC) content

in pharmaceutical preparations. The spectro-

photometric method used is based on the ab-

sorbance measurement of the complex formed

in the reaction between HaTC and Fe(III).

The lower sensitivity limit of the method is

2.4 x 10"3 mg/ml, and the standard deviation

varies between 0.00011-0.00029 for H3TC

concentrations from 0.00481-0.01443 mg/ml.

Tetracycline (H3TC) forms with Fe(III)in

acid media a [Fe(HTC)] + complex which ab

sorbs at 400 nra1. Tu An and Tien Khanh'

used the H3TC:Fe(III) - 1:2 complex for

determination of the H3TC content by spectro

photometry. According to some pharmacopoeias

formation of a coloured complex between H3TC

and Fe(III) is a dapendable way to prove

the presence of H3TC in pharmaceutical prep

arations3,4.

In the experiments were used: tetracyline

hydrochloride (H3TCHCI), of the Institute for

Drug Control, the Socialist Republic of Croatia,

Zagreb, Fe(NOs)3-9 HzO, HNO3 and KNO3

all Merck, p. a. grade. Standard solutions

were prepared by dissolving exact amounts of

H3TCHCI in water, and the initial solution of

0.001 mol/1 Fe(N03)3-9H20 was standardized

gravimetrically.

Absorbance was measured by using a Pye

Unicam SP-6-500 Spectrophotometer with 1

cm quartz cells. PHM 62 Standard pH Meter

Radiometer was used for pH-metric measure

ments.

The validity of the Beer law was tested

by using solutions with 1.50 x 10~4 mol/1

Fe(III) concentrations in 3.15 x 10~5 mol/1

HNOs and 0.10 mol/1 KNO3 used for main

taining constant ionic strength of the solution

at (i = 0.1. H3TC concentrations varied from

5 x 10-» to 8 x 10"5 mol/1 and the pH was

2.50 ± 0.05.

The absorbance was measured at 400 nm,i.e.

at the band's maximum of the [Fe(HTC)] +

complex, using H3TC solution as a blank.The

calibration curve with a straight line depend

ence of 5 x 10-« - 6 x 10-5 mol/1 H3TC is

given in Fig. 1, curve 1. Deviation from the

Beer law was observed at higher H3TC con

centrations.

 

0.6 0.8 1.0

mol/l H3TC*10*

Fig. 1. Calibration curves

Since neither H3TC nor Fe(III) absorb

at 440 nm, this wavelength can be used for

quantitative determination of H3TC using

water as a blank. The calibration curve ob

tained at 440 nm is shown in Fig. 1, curve 2.

The above described procedure was used

for determination of the H3TC content in

Ambramycine capsules. For this purpose the
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contents of four capsules were first finely

powdered, than weighted to obtain a H3TC

quantity required for the solution of approxi

mately 0.001 mol/1 i. e. of the same concentra

tion as the H3TC standard solution. Thus

prepared solution was filtered and volumes of

0.05 - 0.60 ml were poured into 10 ml volumet

ric flasks together with 1.50 ml of Fe(III)

nitrate solution in nitric acid solution and 1.00

ml of potassium nitrate solution. The mixtures

were than diluted with water to 10 ml. Absorb-

ances of thus prepared solutions were mea

sured at 440 nm with reference to water. The

obtained values remained constant during 24 h.

The H3TC content was determined from the

calibration curve. The results are presented in

Table I.

The developed method enables determina

tion of H3TC concentrations lower by one

order of magnitude than the ones obtained

by using the colorimetric method proposed

earlier', based on H3TC determination from

the coluor reaction between H3TC — Fe(III)

TABLE I. Results of determination of tetracycline

content in Amhramycinc capsules

Taken amount Found amount No. of de- Standard

me ml HaTC mg/ml H3TC terminations deviation

0.00481 0.00477 30 0.00O1 1
0.00962 0.00966 30 0.00009

0.01443 0.01444 30 0.00029

chloride at a pH about 2.0. The lowest con

centration determinable by the method pres

ently described is 2.40 x 10~3 mg/ml H3TC.

The method ured so far, based on the forma

tion of colured complexes6-8 between H3TC

and UCV2, ZrOCla and Th+», enables deter

mination only of H3TC concentrations of about

3.2 x 10"3 mg/ml and higher, and in more

complex procedures.

H 3 B O a

CnEKTPO<t>OTOMETPHJCKO OflPEBHBArfcE TETPALT.HKJIHHA V'

OAPMAHEYTCKHM MPEIlAPATHMA

flPArAH C. BECEJIHHOBHH h MH.HEHA fl. JEJIHKHTi

[fiiattumym 2a tfntnwKy xcMujy, Tlpupodno- MamcMamuVKU tfaKyAttiem, Beoipad u tlHcmumym

ja OHanumuuKy xeuujy, <frapMttcymcKU $at<yjlinem, Eeoipad

HaT je nocTynaK 3a oxtperjHBatfce ca;tp>Kaja

TeTpaumoiHHa (H3TC) y cpapMaiteyTCKiiiw npe-

napai-HMa — KancyjiaMa. flpHiwetbeHa je cnetc-

TpotpoTOMeTpiijcKa MeTO/ta 3acH0BaHa Ha Me-

peity ancopSamiHje KOMiuieKca Kojw H3TC

rpaflu ca Fe(III). Jlpma rpamma ocei-JtHBOCTii

iweTOAe je 2,4 ■ 10-3 mg/ml H3TC, aok ce

BpeAHOCT CTaHflapflHe aeBHjauHje Kpehe 0,1

0,00011-0,00029 3a KOHueHrpamije H3TC

oa 0,00481-0,01443 mg/ml.

(flpHMAeHO 21. anpitjia 1983)

REFERENCES

1. D. Veselinovic, M. Jelikic, XXIV Saveto-

vanje hemicara Srbije, 1982, Gtasnik hem.

druUva Beograd 47, C98 (1982)

2. T. Tu An, N. Tien Khanh, Top Chi Duoc

Hoc 2, 21 (1980) [C. A. 94, 90420e (1981)1

3. „European Pharmacopoeia', Maisonneuve,

Sainte-Ruffine, France, 1969

4. ^Pharmacopoeia of the United States" 15 th

rev., Mack Publishing Co., Easton, Pa. 1955

5. F. Monastero, J. A. Means, T. C. Greneell,

F. H. Hedger, J. Amer. Pharm. Ass. Sci.

Ed. 40, 241 (1951)

6. A. E. S. Mahgoub, E. M. Khairu, A. Kasem,

J. Pharm. Sci. 63, 1451 (1974)

7. N. Moggi, A. Birhante, C. Colauri, Farmaco

Ed. Prat, 28 (3) 175 (1973)

8. L. G. Chaten, S. I. Krause, /. Pharm. Sci.

60, 107 (1971).



Le Bulletin de la Société chimique Beograd est Vorgane de la Société chimique de Serbie

et en même temps le journal scientifique pour la chimie théorique et appliquée des Univer

sités de Belgrade, Novi Sad et Kragujevac et de V Institut de Chimie, Technologie et

Métallurgie, Belgrade

Le Bulletin de la Société chimique Beograd publie des travaux relevant de la chimie

théorique et appliquée en anglais, français, allemand, russe et serbo-croate. Les auteurs sonts

priés de bien vouloir envoyer leurs manuscrits à l'adresse suivante: Prof. Slobodan V. Ribnikar,

Institut za fizicku hemiju, Prirodno-matematicki fakultet, p. pr. 550, YU-11001, Belgrade, You

goslavie.

L'abonnement annuel à la revue est 70,00 8 U.S. (ou équivalent) payable à .Jugosloven-

ska knjiga", B. p. 36, YU-11001 Belgrade, Yougoslavie.

The Bulletin de la Société chimique Beograd publishes monthly articles from the

field of theoretical and applied chemistry m English, French, German, Russian, and Serbo-Croa

tian. The authors are requested to submit two copies of manuscripts to the address: Prof. Slobodan

Ribnikar, Institut za fizicku hemiju, Prirodno-matematicki fakultet, P O. Box 550, YU-11001

Belgrade, Yugoslavia.

The annual subscription rate is US $ 70.00 (or equivalent) payable through .Jugoslo-

venska knjiga'". P.O.Box 36, YU-11001 Belgrade, Yugoslavia.

rnacHHK XeMujcKor npynn-Ba Beorpaa ny6jiHKyeT «KeMeonmo craTbH H3 o6jiacrH

TeopenwecKoft h npniuiaflHoii xhmhh Ha aHrjnriicKOM, HeiweuKOM, pyccKOM, cep6cKo-xopBaTCKOM

h (ppamrycKOM H3biKax. Pvkoiihch craTeA npocww HanpaBjiHTb no cJiejryioiueMy aflpecy: IIpocp.

CnoooflaH B. PnômiKap, Hhcthtvt 3a dprnmny xeiHHjy, npHpoflHO-MaTeMarawH qSaKyjrrer,

noMT. hiuhk 550, 11001 BeOTpafl, K)rocJiaBHH.

CTOHMOCTb roAOBofi noflnncKii 70 flOJinapoB quja (mm b jik>6oh ApyroK KOHBepTHpyeMoii

BajnoTe, no Kypcy). Oruiara ocymecTBJiHerca iepe3 npejmpHfmie .JyrocnoBeHCKa i<H>nra",

novr. hiuhk 36, 11001 EeJirpan, IOrocnaBHH.

Rédacteur en chef: SLOBODAN V. RIBNIKAR

Faculté des Sciences, Université de Belgrade, B. p. 550, YU-11001 Belgrade

Rédacteur tehnique: STJEPAN P. RADIO

Conseil de Rédaction

V. CANIC. A. DESPIC, M. DRAGOJEVIC. M. MIHAILOVIC, P. PUTANOV, S. RADOSAVLJEVIC,

S. RASAJSKI S. RISTIC, D. STEFANOVIC, M. STEFANOVIC, D. SUNKO P. TRPINAC

D. VITOROVIC et V. VUKANOVIC

Comité de Rédaction

R. AD2IC, M. BOGOSAVLJEVIC, 2. CEKOVIC, M. CELAP, I. DRAGANIC. D. DRA2IC, B. DORDEVlG

S. DORDEVIC, F. GAAL, I. GUTMAN. S. KONCAR-DURDEVIC, LJ. LORENC, U. MIOC, A. MUK, M.

MÙSKATIROVIC, S. NIKETIC, V. REKALIC, M. RISTIC, M. ROGULIC, A. STOJILJKOVIC, V. SCE-

PANOVIC, M. TENC-POPOVIC, A. TOLlC, V. VAJGAND, A. VALCIC et J. VELICKOVIC



Уи-155Ы 0017 - 0941

^1<итк Нет. Лгшыа Веоцык!

Ви11. 8ос. сЫт. Веоцгаа', \'а\. 48, N0. 8 (1983)

САДРЖА1

В. М. ]овановиН, М. В. ЪикантиН и М. С^ова/юеиН: 7он-селектнвне електроде — по-

тенщпали чврстих мембрана (Преглед) 477

*//. Сушник-Рибарски, Н. ФилийовиН-МаришЛ, Д. БашуриН и М. Лакан: Синтеза

и структура нових 1,5-бенздиазепнна из 1 ,5-днарил-1 ,3,5-пентантрнона ифени-

лендиамнна 489

*//. Гушман, Л. НеделковиН и А. В. ТеодоровиН: Компаративна студи)а тополошких

формула за укупну 7Г-електронску енерги)у бензенондних упъоводоника . . . 495

*1Ь. Кояар-Аник: Нона решена за кинетички модел хомогене нуклеащце. II. Апрок-

симативна рачунанл 501

*В. М. Радах, У. Б. Миоч, Т. С. ЪераниЬ и Т. М. Лукик: Изучаван>е адсорпци)е

СО» на зеолитнма фожаситног типа замсн>еш1х )онима прелазних метала мето

дом И.Ц. спектроскопи)с 507

*А. Н. Гризо и Н. Т. Пешровска: Екстракци)а борне киселине из разблажених

сумпорно-киселих раствора помоЬу оргалских растварача. I. Екстракци)»

2-етилхексанолом 513

*М. Мишровик, Ф. Радованоеик и \Х'и 0.иШп: Дво)на мембранска сепаранта

оргаискнх бннарних смеша и емулзи)а 519

Н. Перишик^ан>ик, Д. Бабкин и А. Мук: Спектрофотометри)ско истштиван>е реак-

ци)'е барн)ума и калци)ума са рсагенсом 2,7-бис-(4-карбоксибензен-азо)-1 ,8-дио-

ксштафтален-З.б-дисулфонском киселином. I 525

*//. 75. КовачиК: Мереное температуре индукопано спрегнуте плазме коришЬен>ем

методе апсолутног интензнтета 531

*Д. С. ВеселиновиН и М. Д. ]е.<шкиН: Спектрофотометрн)ско одреонпатье тетрацн-

клина у фармацеутскнм препаратнма (Белещка) , . . . ,1 . . 539

* На страной резину \

СОЭТЕОТ5

*К. М. Заиапохчё, М. V. ОркмюЫё апс! М. 5. ]аюапот6: 1оп-зе1ес11Уе е1ес1гос1е5:

РосепПаЬ оГ зоНс! тетЪгапез (Ке\че\у) 477

/. 8иЫк-КуЪаг%к1, N. РШрогИ-Мз-ппИ, О. ВаШгИ апс! М. Ьабап : 5уп1пе$18 апс! зегис-

гиге ёесеггшпасюп оГ пеуу 1 ,5-Ьепгос!1а2ерте$ Ггот 1,5-сИагу1-1,3,5-реп1апе1попе

апс! о-рпепу1епесНагшпе5 489

/. Сшгпап, /.у. ЫеЛеЦктпё ап<1 А. V. ТеоАогстИ: Торо1о81са1 Гогтшаз Гог Ю1а1 гс-е1ес-

1гоп епег^у оГ Ьепгсшмс! пуёгосагЬопз. А сотрагате зГис!у 495

Л/. Ко1ат-Атё: №\\' зоккюпз Гог 1пе к тепе тос!е1 оГ пото{;епеои$ пис1еапоп.

П. Арргохитшсе са1си1а1юпз 501

V. М. КаЛак, С1. В. Мю1, Т. 8. 1сгат<? апс! Т. М. ЬиШ; 1пГгагес! туезПваиоп оГ ас1-

зогЪес! СОг оп Гащазке 1урс гаоНгез ехсКап^ес! «чгЬ 1гапз11юп теЫ 10П8 . . . 507

А. N. Оп~о апс! Лг. Т. Ре1гт'!ка: Ех1гас110п оГ Ьог1С ас1с1 (гот сШше зшрЬипс

ас1ё 8о1ш1опз \\'кп ог§ап1С ех1гасГ1пв аветз. I. Ех1гас1юп отсЬ 2-е1Ьу1Ьехапо1 513

М. Мигог'И, Р. РаДстапспАб апс! \Х'и (2ийт: Биа1 тетЬгапе зерага110п оГ ог^ашс

Ыпагу т1х1игез апс! етиЬюпз 519

*ЛГ. РепШ^агфб, Д. Ва]Нп апс! А.Мик: ЗресггорЬоЮтеспс 1ПУез11еа11оп оГ Ьапит

апс! са1с1ит геаспопз \\-кп 2,7-Ы5-(4-сагЪохуЬепгепе-а2о)-],8-с!юхупарЬ1Ьа1е-

1спе-3,6-с115и1р1юп1С ас1с! 525
Лг. О). Когасгс: Тетрега(иге теавигететз 1п 1пс!ис11уе1у соир1ес! р1азта изт^ 1Ье аЬ-

5о1и(е гад1апсе тег1ю(1 531

/). Л УеьеНптяс апс! М. П. 1сНШ: 5рес1горпоСотегг1с с!егегт1па110П оГ 1е1гасусНпе

1п рпагтасеииса! ргерагаиопз (Ко(с) 539

* 1п 8егЬо-Сгоа11ап



_ Srp^k0 J^w'to dru^^vo ■

7

GHDBAX 48 (9) 541—6

YU-ISSN

 

DOCUMENTA CHEMICA YUGOSLflHCA

rAACHMK

XEMHJCKOrAPyiOTBA

BULLETIN EEOrPAA

KH>HrA 48 VOLUME CBECKA 9 NO

 

PHYSICAL SCIENCE

MAY 18 1984

BEOrPA^ UBRAM

1983



Гласник Хемщског друшшва Београд )е гласило Срйског хеми]ског друшшва,

Хемщског друшшва Во]водине и }едновремено научны часойис за шеоргц'ску и

йримен>ену хеми}у Универзишеша у Београду, Новом Саду и Крагу]'ебцу и Ин

ститута за хсмщу, технолощу и мешалурги]у, Београд. Део шрошкова

шшамйа/ьа часойиса йокривен ]е дойриносом Рейубличке за^еднице науке Срби}е

и Самоуйравне иншересне за^еднице за научны рад Воеводине

Гласпик Хемн)ског друштва Београд об]авл>у)емесечяо оригиналне ваучне радовс

из области тсори)скс и примешене хемиде на енглеском, немачком, руском, српскохрватском

и француском )езику. Рукописе у два примерка слатп на адресу: Проф. Слободан Рибниквр,

Институт за физичку хемщу, Природно-математички факултет, Студентскв трг 16, 11000.

Цена годшшье претплате на часопис за чланове Друштва износи 200 а за студенте

100 дин.; за остале, као и предузеЬа и установе цена износи 1.000 дин. Уплате се могу

извршити на жиро-рачун 60803-678-5738, или у канцеларщ'и Друштва, Карнепцева 4/Ш,

Београд.

Уредвжк: СЛОБОДАН В. РИБНИКАР

Природно-математички факултет, Београл

Технички уредпнк: СПЕПАН П. РАДИТг

Савет рслакшпс

Д. ВИТОРОВИЪ, В. ВУКАНОВИЪ А. ДЕСПИЪ, М. ДРАГ01ЕВОТ, М. МИХАЙЛОВИЧ.

П. ПУТАНОВ, С. РАДОСАВЛ,ЕВИЕ С. РАИЬМСКИ. Г.. РИСПГБ Ъ СТЕФАНОВИЪ. М. СТЕФАНО-

ВИЬ, Д. СУНКО. П ТРПИНАЦ и В ЦАНИВ

Редакций

Р. АЦИН. М. БОГОСАВЛ.ЕВ1ГБ, В. ВА1ГАНД, А. ВАЛЧИЪ. I. ВЕЛИЧКОВИЪ Ф. ГАЛ, И. ГУТМАН

И. ДРАГАНИЪ, Д. ДРАЖИЪ, Б. ЪОРЪЕВИТ1. С. ЪОРЪЕВИЪ, С. КОНЧАР-ЪУРЪЕВИЪ. Л>. ЛОРЕНЦ,

У. МИОЧ, А. МУК, М. МУШКАТИРОВИЪ, С. НИКЕТ1ГЕ, В. РЕКАЛИЪ. М. РИСТИБ, М. РОГУЛИЪ. А.

СТОШЛэКОВИЪ, М. ТЕНЦ-ПОПОВИБ, А. ТОЛИЪ. М. ЪЕЛАП Ж ЧЕКОВИЪ и В. ШЪЕПАНОВИЪ

Издавач: Српско хеми(ско друштво, Карнегш'ева 4, Београд

Штампа: ШПРО „Срби!а", Ми(е КовачевнКа 5, Београд



ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

В1ЛХЕТШ БЕ ЬА 80С1ЁТЕ СН1М10.1Ш ВЕОС-КАЛ

48 (9) 541—558 (1983)

ОШВ-944 ЦОС 549.67

КеЫею рарег

ПРЕГЛЕД — КЕУ1Ш

ИНКЛУЗЩА СОЛИ У ЗЕОЛИТСКИМ СТРУКТУРАМА

НАДЕЖДА А. ПЕТРАНОВИБ.

Инсшишуш за физичку хеми^у, Природно-машемашички факулшеш, й. йр. 550,

11000 Београд

(Пришьено 22. )уна 1983)

1. Увод

2. Алумосиликатне структуре ко)е садрже соли. Оклузи)а соли

2.1. Природам и синтетички минерали

2.2. Синтетички зеолити

3. Инклузи)а соли

3.1. Инклузи)а соли из водених раствора

3.3. Инклузи]а соли из растопа

4. Нитратни инклузиони комплекси зеолита

4.1. Инклузиони комплекс као селективни ;онски измегьивач у растопу

4.2. Структура инклузионих комплекса и интеракци]'е унутар кавеза

4.3. Термичка стабилност и фазне трансформащце

4.4. Инклузиони комплекси као чврсти електролити

1. УВОД

У природа су познати кристални алумосиликати чи)а )е тродимензио-

нална мрежа испутьена молекулима соли, N801, N82804» ЫагСОз, СаСОз,

Са8045 N283. То су минерали из групе фелдспатоида и скаполита1*. Неки

од ових алумосиликата су касшф доби)ени синтезом, а синтетизовани су

и потпуно нови облици ко)И нема)у природних аналога2,3. У кристалима

алумосиликата молекули соли су присущи као кат)он-ан)он парови, али се

ова) кат)'он не разлику)е од катиона решетке ко)и неутралише негативно

наелектрисаше алумосиликатног аниона. У структури као што )е структура

содалита налази се само )едан )онски пар у кавезу, )ер )е структура компактна

и кавези су мали. Ме^утим структура зеолита )е врло отворена, 50% за-

премине кристала чине кавези и канали, и дозвольава улазак знатно венег

бро)а молекула. Ови молекули улазе у структуру директно за време синтезе,

оклузи^ом, или касни)е у контакту кристала и раствора односно растопа соли,

инклузи)Ом. Поред молекула соли у канале и кавезе зеолита угра!)у)у се и

разни органски кат)они1Ь и велики органски молекули4. Синтеза зеолита

у присуству органских катиона, кватернерних амошцум }она, довела ]с до

по)аве читавог низа нових зеолита кощ су познати под именом алкиламони|ум

зеолити :

Ы-А, И-У, 2К-4, 23М-4, О, 2К-5, омега1Ь, ТМА-Е6,

23М-5".7; 28М-88, 23М-11» и 2К-2010.
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542 Н. А. ПЕТРЛНОВИЂ

Ово су нове структуре са врло израженим ефектом дејства молекулског

сита, што је у примени зеолита од великог значаја. Зеолити К—А и 2К— 4,

који садрже ТМА катјоне (тетраметиламонијум), термичким разлагавьем дају

водонични облик зеолита који је немогуће добити у директној синтези или

реакцијом јонске измене. Присуство страних молекула у синтези зеолита

одражава се и на садржају силицијума који је врло битан за каталитичке

особине зеолита. Синтеза зеолита 2К—21 и 2К—221с са изразито високим

садржајем силицијума (бЮг/А1гОз = 2—6) вршена је у присуству ТМА и

фосфата, при чему присутни фосфат у алумосиликатном гелу контролише

супституцију А1 са 51 и истовремено се оклудује.

Оклузија и инклузија страних молекула представлю широку облает

истраживања у хемији зеолита, јер са термодинамичке тачке гледишта улазак

страних молекула у порозну структуру утиче на промену структурне стабил-

ности. Ми смо се у овом прегледу ограничили на оклузију и инклузију неор-

ганеких соли из раствора електролита и на инклузију из растопа соли. Ин-

клузија из растопа је битва у модификацией особина зеолита — настају ин-

клузиони комплекси, затим у промени јоноизмењивачког капацитета, ста-

билности зеолита, структурним трансформацијама у смислу добијања нових

кристалних фаза и најзад у добијању чврстих електролита који су од посебног

значаја за једну нову врсту електричних проводника, чврстих јонских про

водника. Инклузија соли из растопа је и један од начина добијања метал-зео-

лита11, зеолита који садрже фино дисперговану фазу метала и који су од вели

ког практичног значаја јер отварају нове могућности у примени зеолита као

катализатора. У последње време ови метал-зеолити постају значајни због

присутне металле микроструктуре и као модел-системи за изучавање струк

турно зависних процеса на молекуларном нивоу12.

2. АЛУМОСИЛИКАТНЕ СТРУКТУРЕ КОЈЕ САДРЖЕ СОЛИ. ОКЛУЗИЈА СОЛИ

2.1. Природни и сшапетички минералы

Везивањем тетраедара Т04(Т=б1,А1) преко кисеоничних атома настају

тродимензионалне мрежасте структуре при чему сваки атом кисеоника исто

времено припада и бЮ4 и АЮ4 тетраедру. Тетраедри су примарне структурне

јединице, а елементи који се добијају њиховим спајањем и који се често по-

нављају у структурама као што су кисеонични прстенови (4, 6, 8, 12-члани)

или двоструки кисеонични прстенови (4, 6-члани) представл>ају секундарне

јединице. У секундарне структурне јединице спадају и полиедри који на-

стају спајањем истих или различитих прстенова па добијени просторни еле

менти, заправо шупљине у структури, представљају различите полиедре.

Спајањем полиедара настаје коначно структурна мрежа у којој је основна

структурна јединица, елементарна ћелија, онај део структурног мотива који

се периодично понавља.

Општа формула алумосиликата са мрежастом структуром је Ка^АЮг)*-

(бЮг)я-г, где је однос О/(А1 + б0 = 2. Овом типу структуре припадају три

групе алумосиликата: фелдспати, фелдспатоиди и зеолити. Структура фелд-

спата је врло компактна, шушъине које се јављају у структури су малих ди-

мензија и садрже само контра јоне који компензују негативно наелектрисање

лумосиликатне мреже.
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Фелдспатоиди има)у отворени]у структуру од фелдспата и у каналима

и кавезима налазе се оклудовани молекули соли, №С1, ЫагСОз, . . . .13

Природни фелдспатоиди не садрже воду. Типични представници ове групе

су содалит, канкринит, нозеан и ултамарин. Содалит има на)кодшактни)'у

структуру од н>их. То )е уедини алумосиликат чи)а )е структурна мрежа

изграг)ена од само )едне врете полиедра, крн>ег октаедра, ко)и се зато често

и назива содалитски кавез. Хеми]ски састав содалита )е Ыав81вА1б024. 2ЫаС1,

али како су Ыа+ кат)они кристалографски идентични, у литератури се често

налази и формула N88 [(А102)б(ЗЮг)б] С1г. У таблици I су наведени кристало

графски подаци и хеми)ски састав за неке минерале фелдспатоидне групе1*.

ТАБЛИЦА I. Фелдспатоиди

Минерал Састав елементарне Ьели)е Кристалографски подаци

Содалит Ыа8(АЮг)б(5Ю2)вС12 кубична структура, а = 0,887 шп

Ултрамарин Ка8(А102)в(3102)в34 кубична структура, а == 0,916 шп

Нозеан Ка8(А102)в(3102)в304 кубична структура, а - 0,903

Канкринит (Ка,Са,К)в- 8(АЮ2)в(810)» хексагонална структура

(СОз,304,С1)1_2 а = 0,126 шп с = 0,518 шп

Скаполит №в(А102)в(ЗГО2)1вС1» тетрагонална структура

(мариалит) а = 0,1206 шп с = 0,519 шп

Канкринит у сво)0) структури садржи молекуле СаСОз, Са304 или

хлорида. Содалит и канкринит се врло лако доби)а)у и синтетички у хидро-

термалним условима у присуству соли и ти облици садрже и молекуле воде

па су познати као содалит хидрат КабА1в51в024* 8Н2О, базни содалит №8А1в-

31вОг4(ОН)2-4Н20, ако )е у хидрогелу био присутан ЫаОН у вишку, или

базни канкринит. Због присуства воде ови синтетички облици фелдспатоида

убра)а]у се често у зеолите, )"ер се по сводим особинама налазе на граници из

мену правих фелдспатоида и зеолита. Скаполита се у природи налазе са

оклудованим хлоридима и карбонатима и нису познати базни облици.

Ваггег и Со1е14 су синтетазовали велики бро) вари)етета содалита и

канкринита са №С1, №Вг, №С10з, №СЮ4 и ЫагСОз, затим Ьооз и Со1е15

са №СЮ4 и ЫаЖ)з, Ваггег, Со1е и УППдег16 синтетизовали су канкринит са

Ка>Юз, КагСЮ4 и КагМоС>4, 1агсЬо\у, Кеезе и 8аа11е1с117 вари)етете канкрини

та са карбонатом, а Ваггег и други18 содалита са №004, №СЮз, ЫаСЮг +

+ ИаС1 и №N3.

Општа формула елементарне Ьели)е и содалита и канкринита )е

6(КаА15Ю4) • 2ЫаХ, где )е X )едновалентни анрн. ЫаХ се може делимично

или потпуно заменити молекулима воде или натри)умхидроксида и у том

случа)у састав елементарне Ьели]е ;е: 6(№А13Ю4) ■ 2(1 —х—у) №Х • 4^ЫаОН •

• 8хНгО Бро) молекула №ОН ко)и улазе обично )е мали па се целокупна

количина оклудоване соли може заменити водом и наста^е 6(№А15Ю4) 1 8Н2О.

Елементарна Ьели)а содалита састощ се од два содалитска кавеза про

мера Л = 0,66 шп19,20, тако да се у сваком кавезу налази по )едан молекул

соли, или два молекула КаОН, или четири молекула НгО. Канкринит има
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отворсни)у структуру ко)а се састо)и из широких канала и канкринитскнх

кавеза21 па су ан^они нитрата, хромата и молибдата нацени и у каналима и

у кавезима. Залажено )е да )е при синтези на нижим температурама (80— 100°С)

нитрат углавном присутан у кавезима, манье у каналима, док )е при вшш

температурама (160—190°) тенденщф заузимааа места обрнута. Код КагСОу-

-канкринита констатована )е по)ава суперструктурних лшпф у ди)аграму

праха као последица оклузи)е Ка2СОз. Ово )е приписано алтернативном

распореду молекула Ка2СОз и НгО у суседним кавезима18.

ТАБЛИЦА И. Синтетички канкринити и содалита

Со - минерал Ст«сиометри)ски састав Кристалографски под]

ЫвО-содалит* 6(ЫаА13Ю«) • ЖаС1 —

МаВг-содалит» б(ЫаА15Ю4) • 2ЫаВт -

ЫаСЮз-содалит* 6(ЫаА15Ю4) • 2ЫаСЮз -

ЫаСЮ«-содалит* 6(КаА15104) • 2№СЮ« -

Ыа1СОз-содалит* 6(ЫаА13Ю«) ■ N8*00» • 4ШО а — 1,7709 шп

№С1С>4-содалить б(ЫаА13Ю0- 1,7ЫаСЮ4- 1,03Н»О —

ЫаСЮ.-содалит» 6(ЫаА15Ю4) • ЬвЗИаСЮ, ■ 0,6Н2О -

б(А18Ю«)- 1,86ЫаМО,- 1,44Н„0 а = 1,267 ± 0,002

с - 0,519 ± 0,001 шп

Ка1СЮ4-канкринит° квалитативна анализа на

СгО^; 7,5- НЮ

а = 1,272 ± 0,002

с = 0,519 ± 0,001

шп

шп

Ка»МоС>4-канкринитс квалитативна анализа на а - 1,275 ± 0,002

с = 0,519 ± 0,001МоО!-0; 6,8% ШО

а — реф. 14; Ь — реф. 28; с — реф. 16

У погледу стабилности структура залажено )е да кристални алумосили-

кати чи)'и су канали и кавези испувьени потпуно или делимично молекулима,

термички стабилне соли има)у знатно стабилни)у структуру од кристала чи^а

)е структура непопувьена. При испитивавъима процеса оклузи^е молекула у

порозне кристалле структуре констатовано )е да улазак страних молекула у

кристаллу решетку доводи до опадавъа хеми)ског потенциала чврсте фазе,

што да)е термодинамичко об^апдьевъе за констатовано понашавье22*83.

2.2. Синшешички зеолиши

Ваггег2 )е 1948. године упогребио неорганске соли ВаХг и КХ(Х = С1,

Вг) као „минерализаторе" у хидротермалном поступку кристализаци)е . Кри

стални алумосиликати ко)и су доби)'ени садржавали су оклудоване молекуле

воде и солн, имали су врло изражену порозну структуру и по особинама су

били измену правих зеолита и фелдспатоида. На ова) начин )е уствариот-

кривена синтеза зеолита2,24. Ме^утим, ефекат „минерализатора" зависио )е и

од врете катрна и од врете аниона тако да низ соли, КаС1, 8гС1г> Ва(ЫОз)г,

КЖ)з, КР ни)е показивао та) ефекат1". У присуству бари)ум-хлорида и
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бари^ум-бромида синтетизовани су алумосиликати Р и (2, а у присуству кали-

)ум-хлорида и кали)ум-бромида О и Ы25, таблица III.

ТАБЛИЦА III. Зеолити синтетизовани у присуству соли85

Зеолит Полазни

материал

Со

Бро) молекула по

елем. Ьели)и
Кристало-

графски

НгО халогенид подаци

Р аналцит ВаСЬ 35 12,05 а = 1,859 пт

аяалцит ВаВг2 31 11,9 а = 0,983 пт

о МаХ КС1 2,7 3,52 а = 1,310 пт

N №Х КВг 1,58 0,95 а — 0,654 пт

Кристалографски ови алумосиликати су практично идентични са син-

тетичким зеолитима 2К—5 и К—Р или 22Ь2в. Р и има)у структуру синте-

тичког зеолита 2К—5 ко)и )е раните синтетизован у присуству алкиламони)ум

)она и разлику)у се само у )Оноизмен,ивачком катиону и садржа)у соли. Р,

<5, О и N алумосиликати доби^ени су кристализаци)ом из хидрогела и кон-

центрованих раствора соли, а каснзф се показало да се могу добита и хидро-

термалном рекристализаци)ОМ природних зеолита, аналцита и леуцита, као

и синтетичких зеолита X и V у присуству вишка соли. Хидротермалном

екстракщфм ВаСЬ са дестилованом водом из алумосиликата Р, Ваггег )е

добио зеолит ко)и )е имао исте карактеристике као хабазит или синтетички

зеолит Ыпёе-сито 5А27. У касни)им испитиваьима констатовано )е да )е

оклузи^а соли из матичног раствора у синтези зеолита редовна по^авакод

свих структура ко^е садрже содалитски кавез. Тако )е синтетизован зеолит

А са оклудованим фосфатом и боратом у содалитском, бета-кавезу28,29.

Слично фелдспатоидима и код зеолита )е запажено да оклузи)а соли

знатно повеКава стабилност зеолитских структура па се граница структурног

колапса помера чак на 1000°.

3. ИНКЛУЗЩА СОЛИ

3.1. Ижлузща соли из водених раствора

У процесу )онске измене из концентрованих раствора електролита

(№С1, КЬС1, СзС1; 0,1 — 13,5 то1/о!т3) запажено )е да долази до истовремене

инклузи)е соли у велике кавезе X структуре30. Ваггег )е испитивао чист про

чее интеркристалне инклузи)е соли из водених раствора у отворену зеолитску

структуру, №С1 у КаХ 3, и алкалних халогенида у А, X и V зеолите одговара-

)уйих кат)онских облика31. Инклузи|а зависи од врете кат]'она, сл. 1, а не

зависи од температуре и врете аниона, сл. 2, изузев код великих анрна као

што )е ЗО*- чи]и )е дофметар веНи од отвора канала А зеолита па долази

до ефекта молекулског сита.

Структура зеолита, односно густина наелектрисавьа мреже, знатно утиче

на процес интеркристалне инклузи)е. Наелектрисаше X и V мреже )е разли
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чито, елементарна Ьели)а X зеолита има 85 — 86 канона, док Ьели)а V зео-

лита има 56 кат)она. Стога )е инклузи^а у X зеолиту чак и три пута веЬа него

у V зеолиту, из раствора истог моларитета.

 

КаЬо, Роикта и Зкеек32 су радили инклузи)у алкалних халогенида

на V зеолиту, али су модификовали поступай тако да се процес инклузи)е

одви)ао у два ступил. Први ступай» )е инклузи)а соли из концентрованих

раствора у суперкавезе V зеолита — ова) процес )е реверзибилан, а други

ступай» )е инклузи)а молекула соли у содалитске кавезе — ова) процес )"е

иреверзибилан. Други ступан> инклузи}е одви)а се на повишено) температури

при чему вода напушта зеолит, а део инклудоване соли из великих кавеза

дифунду)е у содалитске кавезе. После загреваша остатак молекула соли из

великих кавеза уклонен >е испиран>ем топлом водом. За инклузи)у соли

у содалитске кавезе констатовано ]с да зависи од температуре и врете ан)она

што за инклузи^у у суперкавезе ни)е наЬсно, таблица IV.

ТАБЛИЦА IV. Утица) температуре на иреверзибилну инклузи)у халогенида у ЫаУ зеолиту32

Со т°с Бро) ащона у сода-

литском навезу

Кристаличност

ЫаС1 200 0,02 одлична

330 0,04 одлична

440 0,29 одлична

550 1,02 одлична

ЫаВг 550 0,16 одлична

700 0,98 одлична

7X5 0,64 добра

550 0,06 одлична

645 0,33 врло добра

700 0,25 слаба

Инклузи)а халогенида у Ыа V не нарушава структуру V зеолита, иако

>е у поступку било и загрева!ьа на вишим температурама, изузев на изразнто

високим температурама изнад 800". Ме^утим, при инклузи)и других соли
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нарочито са поливалнетним окси-ан)онима долазило )е до пада структуре

при покуша)у дехидратаци)е. Стабилност структуре )е залажена при инклу-

зи)и )едновалентних аниона, нитрата, ЫаМОз и А^ИОз у ИаУ зеолиту.

Кристалографска испитива&а нису показала присуство кристалне фазе

соли у зеолиту. Запажена )е само промена интензитета неких карактеристичних

пикова услед присуства веНег бро)а кат)она у мрежи. Из дофграма праха

ИаУ—№С1 одре^ен )'е положа) хлоридног ]она у содалитском кавезу V зео-

лита, у центру кавеза. За КаУ-Ыа>Юз таког)е )е на^ено да нитратни )он за-

узима положа^ у близини центра кавеза, ме^утим, ни)е )асно како )е могуЬа

инклузи)а два ан)она, на шта упуЬу)у неке друге методе.

Стабилност кристалне структуре при инклузи)и испитивана )е у низу

експеримената за >1аУ и СаУ са инклудованим ЫаС1. У свим случа)евима

инклузи)а №С1 повеЬава термичку стабилност зеолита за 50— 100° 33. По

меранце границе термичке стабилности )е последица промене хеми^ског по

тенциала чврсте фазе при инклузи)и. Ово )'е показао Ваггег34 у термодинамич-

ком третираньу процеса инклузи)е користеЬи поступак и релаци)'е ко)*е важе

у термодинамици раствора. Израз за промену парщфлне моларне слободне

енерпф, хеми^ског потенщфла \ьъ, кристалне фазе при инклузи)и изведен

)е за чисту компоненту и за бинерну смешу.

Инклузи}а чисше компоненте. У )едном молу смеше чврсте фазе ко)а

наста)е инклузи)ом молекула А у порозну структуру зеолита 2 молска фрак-

ци)а молекула А )е 2Уа, а фазе зеолита Ыг. На константно) температури за

)едан мол смеше важи релащф:

АГа с! |хА+(1 -Ла) с! Ц*= VI АР

где )е VI запремина мола смеше, Р )'е притисак*, [а'а )'е хеми|скки потенщфл

молекула А, а (лг )е хеми)ски потенщфл зеолита. За чисту компоненту А

важи ;едначина:

фА' = У*1Р (2)

где )е (Хд хеми)ски потенщфл молекула А у гасно) фази или растопу чи)а

)е моларна запремина Кг. У равнотежи )'е фд = фА' па се )едначина (1)

може написати у облику:

ф2 = (ГюТ-^аФа") / (1 -Ла). (3)

Ако израз за хеми)ски потенщфл фд = КТИпал, где )е ад активност

компоненте А, заменимо у горау )едначину доби)'а се:

ф2 = дГ(цп а (4)

(1-АГа) (1-Ла)

За инклузи)у из растопа у дал>ем третиран>у први члан у )едначини (4) от

пада и уз замену односа молских фракщф односом бро)а молова доби)а се

за промену хеми)ског потенщфла фазе зеолита:

си

. „ МКТ Г
Ьу-г = \Н-\>?г = х-шпаА (5)

тп ^

0

* ]едначина важи за сорпци)у из гасне фазе или инклузи)у из растопа, па )е Р при

тисак гасне фазе или напон паре растопа.
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где )с (а| хсми]'ски потеншфл „празне" решетке зеолита, М молекулска

тежина елементарне Ьели)е зеолита, тк молекулска тежина молекула А,

а л )с количина А инклудована у грамима по граму зеолита.

Из )сдначине (5) види се да улазак молекула у порозну структуру крис

тала доводи до опаданьа хеми)Ског потенциала чврсте фазе, односво до по-

вепавъа термодинамичке стабилности система. КористеЬи термодинамичке ре-

лаци)е за промену хеми)СКОГ потенциала са температурой и инверзлом тем-

пературом изведени су дале изрази за промену парщцалне моларне ентро-

шце Д5г и парщфлне моларне енталгаф ДЯг34.

Инклузща смете. У случа^у када се инклузи)а врши из воденог раствора

електролита врло често се инклуду)у и молекули соли и воде истовремено

у кристаллу фазу зеолита. Чврста фаза се поематра као трокомпонентни, а

течна фаза као двокомпонентни раствор.

За )едан мол смеше чврсте фазе ко^у чине зеолит 2, молекули А (вода

и В (со), на константно) температури важи релащф:

#АфА + ф'в + 4*. = Ух ЛР (6)

где су 7^а> Мв и Ыг молске фракци)е молекула А, В и 2, У\ ]е запремина

)едног мола смеше.

За )едан мол течне фазе важи:

ЩЩ + ЩОр."=УжЛР. (7)

[АА и [хв, су хеми)ски потенщфли молекула А и В у чвретом раствору, а

Ид и (1в' у течном раствору из кога се врши инклузи^а. За водену пару

важи:

ф« = Ув6Р. (8)

(1» ]е хеми)ски потенщн'ал воде у парно) фази, Уй )е одговара^уКа моларна

запремина.

У равнотежи имамо да )е:

ФА = ФА = (9)

Фв = <Ч- (1°)

На основу )едначина од (6) до (10), уз уво1)свье израза за хеми)ски по-

тенщфл, доби)а се израз за промену хсми)'ског потенциала кристалне фазе

2 при инклузи)и из раствора:

. 0 МКт'г ., МЯТ"} _

= (4 = ~ ^АШпаА хваюав. (11)

о о

тв )е молекулска тежина молекула В, хв )е количина В у грамима по граму

зеолита, а остале ознаке су исте као у )едначини (5).
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Из )'едначине (1 1) се вида да при инклузищ долази до опадан>а хеми^ског

потенци)'ала кристалне фазе зеолита. Ова )едначина )е експериментално про

верена при инклузищ ЫаС1 у ЫаХ и 1ЛС1 у 1лХ31. На сл. 3 види се промена

хеми)ског потенщфла зеолита 1ЛХ при инклузи)и ЫС1. Горн>а крива односи

се на уравнотежава&е зеолита 1лХ, ко)и садржи молекуле воде у кавезима,

са паром раствора 1ЛС1, а дон>а крива односи се на уравнотежаваае 1ЛХ

са раствором 1ЛС1, односно на инклузи)у 1ЛС1. За одре^ену концентраци^у

раствора ЫС1 хеми)ски потенщфл )е ман.и за зеолит ко)'и садржи молекуле

соли и молекуле воде него за зеолит ко]и садржи само молекуле воде.

3. Промена хеми)ског потенциала зеолита при ин-

клузи)И 1ЛС1 из раствора електролита: (О) уравноте

жава&е хидратисаног облика ЫХ са паром раствора,

 

(О) уравнотежаванъе ЫХ са раствором ЫС181 тЫап1«1

На ова) начин промена сгабилности зеолита при инклузищ, ко]а )е

констатована у експериментима, добила )е термодинамичко тумачеае.

3.2. Инклузща соли из расшойа

Из разматраньа тродимензионалних мрежастих структура зеолита видели

смо да су оне врло порозне и да )е тоуствари систем канала и кавеза кощ

су ме^усобно повезани. Како ове структуре настану у хидротермалним условима

канали и кавези су испун>ени молекулима воде. У контакту зеолита и растопа

соли молекули воде се замен>у)у молекулима соли, односно долази до инклу-

зи)е соли у отворену структуру зеолита. Растоп соли )е првобитно коришЬен

као реакциона средина у процесу )онске измене за доби)ан>е различитих кат-

]Онских облика природних и синтетичких зеолита35-40. У овим случа^евима

процес инклузи^е као примарни био ]'е праКен процесом )онске измене. Ме-

1)утим, ако растоп и чврста фаза има;у исти кат;он онда )е присутан само

процес инклузи)'е.

Ваггег и Ме1ег3 су испитивали инклузи)у из растопа ЫаЫОз, ЬхЫОз

и А2>Юз на одговараз'уЬим кат)'онским облицима зеолита А, ИаД, 1лА и

А^А, и констатовали да молекули нитрата скоро потпуно испун>ава)у капа-

цитет великих, алфа-кавеза. Ваггег ]'е сугерирао да )е немогуКе одво)ити

награ^ени инклузиони комплекс од растопа нитрата, односно да приликом

раствараиьа очврслог нитрата неминовно долази до губитка инклудованог

материала. Ме^утим, касни)а деталла испитиван»а41~43 показала су да губитак

на собно) температури гоце веЬи од 0,5 молова по молу зеолита за натри)у-

мов облик. Код инклузи]е ЫЫОз губитак ^е нешто веЬи при испнравьу, због
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велике хигроскопности ове соли, тако да састав инкл>'Зионог комплекса

варира за )едан до два мола по молу зеолита.

Степей инклузи)е одрс^ен )С димензи]ама кавеза, н>еговом запремином

Ка, и моларном запремином соли ко)а се инклуду^е, У*. У таблици V дате

су неке израчунате вредности (Уч\У^)к и експериментално доби)ене вредности

степена инклузи)е за зеолит 4А. При израчунаван>у Ка/Ик узета )е у обзир

само запремина великог кавеза )ер мали, содалитски кавез, са сводим капаци-

тетом не учеству)е због врло малог улаза (<* = 0,23 пш).

ТАБЛИЦА V. Израчунати и експериментални подаци за инклузи)у из

растопа у зеолиту А

Инклузиони комплекс Молови ссши / МОЛ 3«

ЫА • ЫС1

иА ■ ЫВг
16,1

13,2

2,1

1,7

10,4е

9,6°

9Д№

на ■ иыоз 11,7 -

10,5 —

10,5 9,2»

11,7Ь

10,0»

10,0Ь

9,5*
10,0й

9,8Л

ЫаА ■ ЫаЫОз

АвА • АвИО,

а - реф. 3; Ь - 46; с - 45; а - реф. 47

Упоре1)иван>ем израчунатих и експериментално одре^ених вредности за

величину инклузи]е вида се да код инклузи]е нитрата посто)и добро слагавье

док се код инклузи|е халогенида )авл>а знатно одступаае. Ово одступавье

)е последила структурне трансформаци)е ко)а се дешава у току инклузи)е

лити^умхалогенида45.

Инклузиони комплекс ЫА ■ ЫХ (X = С1, Вг) састава ко^и )'е дат у

таб.шци V, доби)а се инклузи^ом соли ЫХ у зеолит ЫА или №А. У другом

случа)у Ка+ из зеолита измен>у)е се реакциям )онске измене N3+ ~ Ы+

са Ы+ из растопа и нстовремено се )едан део соли инклуду^е44'46. Инклузи)а

лити)умхалогенида )е ирверзибилан процес, а нащовищ резултати48 показу)у

да )е то случа) и са инклузи)ом натри)умхалогенида. Реакционе температуре

су високе (20° изнад тачке тошьеша соли), долази до рушеьа кавеза и фор-

миран>а нових кристалних фаза45. Ме^утим, инклузи^а сребронитрата и алка-

них нитрата )е реверзибилна и инклудовани материал се може потпуно екс-

траховати3. Екстракщф раствором електролита )е тако^е могуЬа, и то на

собно) температури. Раствором А^КОз 0,2 то1/с!т8 испиран )е инклузиони

комплекс КаА • КаКОз. За 24 Ь, уз проток 0,06 т1/тш ексграховано )е 50%

инклудованог материала, али )е истовремено реакци)Ом )онске измене

Ыа+ ;г: А^+ инклузиони комплекс преведен у сребров облик49.

Инклузи)а соли из растопа завнеи од величине катиона и ащона и од

структуре зеолита. У таб.шци VI дат ]'с израчунати и добщени степен инклу-

зи^е, (Уа1Ук)\ и (Уа1Ук)е, и стсхиометри]ски састав инклузионих комплекса

А и X зеолита доби)ених процесом инклузи^е и реакциям )'онске измене из

растопа соли.

Утица] величине ан;она се )асно уочава при инклузищ халогенида, увек

)е инклузи)а пеКа за хлориде него за бромиде и )Одиде и у А и X зеолиту.

Степен инклузи^е добн)сн из односа Уц/У* код X структуре се знатно разли
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ТАБЛИЦА VI. Инклузиони комплекси А и X зеолита

Инклузиони комплекс (Ул /КО. Стехио.метри;ски састав

шшлузионог комплекса

Реф.

КаА-ЫаЫОз 10,5 10 N31» -А* ЮКаКЮз 47

1лА • иыоз 11,7 ЫцА ■ 9,51лЫОз
47

А^А • АвМЭз 10,5 9#
А812А • 9,8А8ЫОз

47
А^А • А8ЫОз 10,5

А8щА • 9,2А8НОз 3

АеА- А81 18,3 1,0
АвпЫахА • Ав1

50
НвА • НбС12 12,3 11,5 Н&^азА- 11,5НгС1а 99
НеА ■ н8вг2 10,9 8,7 Н^ИааА • 8,7Н8Вг2

1>
НйА • Н^Ь

8,9 7,5 Н85,5Ма1А ■ 7,5ВД2

СоА • Со [ЫОз]г — — — 51

их - иыо$ 100,5 11,0

20,0

Ь18звХ*- пиыоз 52
АвХ • АеИОз 93,4 АеввХ • гоАвЖь

99

АвХ- АЙ 155,4 85,0 А872Ыа1зХ • 85Ав1
50

НвХНгСЬ 104,3

92,2

80,5 Н8з1,5Ка22Х- 80,5Н8С12 99

НеХ- н8Вг2 69,0 НгзгЫаиХ- 69Н8Вг2 93

74,8 73,0 Н8з7КацХ- 73Н8Ь 93

КА - КЫОз — 4,7 К4Ыа12,7А • 4,7ЫОз 53

А* ]е алумосиликатни део решетке зеолита А, X* зеолита X.

ку)е од стварног бро)а инклудованих молекула, што )е последица губитка

инклудованог материала при испирашу, с обзиром на врло отворену структуру

овог зеолита55.

Кристалографска испитиваша дофграма праха ових инклузионих ком

плекса показала су да )е структура А и X зеолита сачувана, али постощ про

мена интензитета неких врхова што )е приписано веЬо) густини катиона него

у основно) решетки.

4. НИТРАТНИ ИНКЛУЗИОНИ КОМПЛЕКСИ ЗЕОЛИТА

4.1. Инклузиони комплекс као селекшивни ]онски измен>шач у расшойу

Основна карактеристика инклузионог комплекса )е знатно веЬи бро)

кат]она у елементарно) Келищ у односу на бро) присутних контра )она. Инклу

зиони комплекси №А • №N03, ЫА ■ 1л>Юз и А&А • А^ЫОз садрже скоро

 

о ОМ 012 020

лмЬке (гоксде АдНОз! 1ЛИ0э

4. 1онска измена Ы+ и А8+ из растопа

а инклузионом комплексу
ЫаА • МаЫОз42

 

О Ц2 в* 05 09

ли<**е (гаксд« КМ0Э'

С5ИОз1 Т1М03

5. 1онска измена Т1+, Сз+ и К * из рас

топа Ш1трата на инклузионом комплексу

№А • ЫаЫОз42

двоструко више катиона од одговара^уЬих кат^онских облика. У реакцией

)онске измене то значн двоструко веЬи )оноизмен>ивачки капацитет. Инклу
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зиони комплексы се понаша^у као измеаивачи )она у растопу као рсакционо \

средний. 7онска измена ;е испитивана на инклузионом комплексу ХаА - ХаХО з

из растопа натри)умнитрата за (едновалентне и двовалентне ]оне43-'м,5*-ь6 и

Ха3+М. У натри)умнитратном инклузионом комплексу свих 22 катиона су

)оноизмен>ивачки кат)они и могу се потпуно заменити са Ы+ и А%+, сл. 4,

док всЬи кат^они, као К+, Сз+, Т1+ само делимично замен>у)у Ыа+, сл. 5.

Селективност чврсте фазе се мен>а у току измене и за виси од састава фазе.

У почетку редослед селективности за )сдновалентне катионе ]с: С$ > Т1 >

> Ав > К > Ы > Ыа, а затим са променом састава зеолита долази до по

меранца Се, Т1 и К у десно: А% > 1л > N8 > К4*. Код двовалентних кат)0-

вдм.м |е тако))е залажена делимична измена, сл. 6. У замени Са2+ Ыциогп1к и

 

Магсш54 су претпоставили измену ]сдновалентних комплексних )"она СаХОз+^

;г! Ыа+, ме!)утим ово ни)е на^ено за друге двовалентне кат)оне. ПетрановиЬ

и ШушиЬ55 су показали да реакщф риске измене двовалентних катиона тече

као М2+ ^ 2Ха+, а да у кавезу зеолита долази до формираьа комплексних

)*она МЫОз+, односно М—ОЖОг"1". Кинетика рнске измене контролисана )"е

дифузи)ом кроз чврсту фазу-44,87.

Реакциям ]онске измене из натри|умнитратног инклузионог комплекса,

КаА • ХаХОз> доби)ен )е низ других инклузионих комплекса. КористеКи по-

датке )оноизмен»ивачких изотерми могу се добити хетеро)онски инклузиони

комплекси у ко)има су 2, 3 . . . Ыа+ )она замешена другим каноном58-60.

Ови кат)онски обличи су од посебног интереса у примени зеолита као чврстих

електролита, )ер се показа;ю да покретллвост одре^ене рнске врете знатно

зависи од састава инклузионог комплекса.

4.2. Структура инклузионих комйлекса и иншеракцщс унушар кавеза

Први модел инклузионог комплекса, ЫаА • КаМОз поставили су Ыспюг-

шк и Магсш46 на бази чисто електростатичких разматран>а. Рендгенострук-

турна испитиван.а овог комплекса, из дофграма праха, извршили су Ваггег

и УШ^ег61, а структуру комплекса ЫаА • №N03, Ь1А • Ьй^Оз и А§А • А§ЫОз,



ИНКЛУЗВДА СОЛИ У ЗВОЛИТИМА 553

на монокристалу, урадили су ПетрановиЬ и др.47 Нитратни инклузиони ком-

плекси има)у кубичну стуктуру и припада)у просторно; гругш симетри)е РтЗт,

као и зеолит А. Константе решетке су: ао = 1,2295 (1) шп за ЫаА • NаNОз,

а0 = 1,2075 (1) шп за 1ЛА • ЫИОз и а0 = 1,2340 (1) шп за А^А • Аё>ТО3.

Код инклузионих комплекса бро) кат)онских позигрф и фактор заузе-

тости позици]а )е знатно измеьен у односу на катрнски облик зеолита. У

зеолиту А посто]е три кат)онске позшцф, све три су у а-кавезу, док се код

инклузионих комплекса )авл»а пет кат)онских позищф, од ко)их су две у

Р-кавезу47. Ыа(1) и Ыа(2) су на оси треНег реда у близини Ов прстена, позтода

8(&). Ка(1) )е померен из равни Ов прстена према центру (3-кавеза, а N8(2)

)е померен из равни Ов прстена према центру а-кавеза. Ыа(3) )е у а-кавезу

у близини Б4К прстена, позищф 12(]). №(4) )е у близини Б4К прстена,

али у (3-кавезу, позищф 6 (е) и Ыа(5) )е у близини Ов прстена у а-кавезу,

иозищф 6(Х).

Нитратне групе су смештене у а-кавезу и налазе се у координации са

кат^онима из позищф 8(е), 12()) и 6(1"). Нитратне групе нису на^ене у (3-кавезу,

као што следи из резултата Ваггег-а и УНИ^ет-а61, и био неприхватл>ив

податак с обзиром на димензи)е нитратног )Она, димензи]е Ов прстена кроз

кощ би та) )он морао да про1)е и димензи)е самог (3-кавеза. Из ме^уатомских

расто;ан>а и углова веза, таблица VII, уочено )е да у а-кавезу поскф две

врете нитратних група. Комплементарна анализа, уз помоЬ ИЦ спектаранит-

ратних инклузионих комплекса47, показала )е да се инклудовани нитрат на-

лази у кавезима делом као нитрат, а делом као нитрато - комплекс, униден-

татне или бидентатне координащф. Формираае нитрато - комплекса )е по

следила метал-нитратне интеракщф ко)а се )авл>а измену нитратне групе

и )она метала, и ови комплекси посгсф у растопу из кога се врши инклузи)а.

Гкфва нитрато и нитратних група у кавезу значи да се метал-нитратна ин

теракщф нарушава уласком у кавез, и да се део нитрато-група, ОЖ>2_,

„ослоба^а" да)уЬи нитратне групе, ЫОз~. Нитрато-групе су смештене на

улазу а-кавеза, у близини Ов прстена, а нитратне на улазу р-кавеза у близини

Ов прстена.

ТАБЛИЦА VII. Нека ме^уатомска расто)ан>а (шп) инклузиони

комплекс ЫаА ■ ИаКОз'"

N8(1) — О (2) 0,288 (1) О (4) — N 0,137(4)

Ыа(1) — О (3) 0,240(1) О (4) — О (4) 0,234(7)

N8(1) — О (9) 0,218(9) О (5) — О (6) 0,260(9)

N8(2) — О (2) 0,2926(11) 0(5) — О (12) 0,262(6)

N8(2) — О (3) 0,246(1) О (6) — О (6) 0,212(9)

N8 (2) -О (4) 0,271 (5) 0(4) — N — 0(4)0,117(4)

N8(2) — О (9) 0,290(9)

N8(2) — N 0,210(6)

N8(3) -0(1) 0,278(2)

№(3)-0(3) 0,274(3)

N8(3) -О (4) 0,239(6)

N8(3) — О (5) 0,237(8)

N8(3) — 0(6) 0,286(8)

N8(4) — О (3) 0,27(1)

N8(5) — О (4) 0,224(4)

N8(5) — О (12) 0,293(8)

N8(5) — О (5) 0,276(5)
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Ово је један од најизраженијих ефеката којим се манифестује утицај

зеолита на нитрат који се инклудује. Запажена је такође и промена међу-

атомских растојања у самој нитратно ј групи, N—0(4) и О(4)—О(4), таблица

VII, која су знатно већа него у чврстом натријум-нитрату, као и померање

N атома за 0,02 пт из равни коју чине три атома кисеоника нитратне групе.

Међутим, утица ј је обостран тако да и инклудовани нитрат утиче на зеолит,

што се врло јасно манифестује цепањем трака у ИЦ спектрима, траке 51-О-А!

групе на 990 ст-1 и траке Б4К на 550 сш-1, као и појавом нове траке на око

300 сгп-1, као последице метал-кисеоничне интеракције на Б4К прстену, сл. 7.

Интеракција инклудованог нитрата са зеолитском мрежом уочена је и

при испитивању воде и ОН трупа у инклузионим комплексима62. Из промена

у ИЦ спектрима вида се да је вода у инклузоним комплексима слабије везана,

јер је мрежа ангажована у интеракцији са инклудованом компонентом.

Инклузија соли утиче на структурну стабилност решетке као што је

напред у 3.1 и 3.2 изложено, али је при инклузији сложених окси-анјона

залажен утицај инклузије и на стабилност ових анјона. Померање границе

термичке стабилности за инклудовану компоненту износи до 50°, али је не

давно објављен податак да при инклузији натријум-азида на ИаУ зеолиту63

ово померање износи чак 120°.

Код нитратних инклузионих комплекса је такође констатовано померавье

границе термичке стабилности инклудованих нитрата ка вишим температу-

рама33,64 66. Кадмијум-Ш1трат који се доста ниско разлаже, на 380°, у инклу-

зионом комплексу се разлаже на 465° 64 . Алкални нитрата показују две-три

температуре разлагаша на ЭТА дијаграму, што је приписано интеракцији

са зеолитом, од којих некс далеко премашују температуре разлагавьа чистих

соли64. ^ТА дијаграми нитратних инклузионих комплекса су сложени, али

 

7. ИЦ спектри: (1) МаА,
(2) КаА • N«N03, (3) ЫА ■ ЫИО, и (4)

4.3. Термичка сшабилносш и фазне шрансформације
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се )асно уочава)у термички ефекти ко)и потичу од инклудованог нитрата и

они ко)и припада)у променама зеолита, а то су дехидратащф до 200° и струк-

турне трансформаци)е изнад 700°, сл. 8. Термичке промене инклудованих

нитрата су толико )асно изражене да се БТА криве могу користити за иденти-

фикаци)у по)единих инклузионих комплекса. Сасвим )асно се уочава)у фазни

прелази тошъен>а за ЫаЖ)з> ЫЖЬ или А^КОз68, па чак и транс-

формащф код КагЮз.

У класификаци^и чврстих електролита зеолити спада)у у чврсте )онске

проводнике у групу неидеалних кристала, структуре са интерстица)ма . Тро-

димензионална мрежаста структура ко)у поседу)у чини их потенщфлним

добрима )онским проводницима, али )е бро) покретних )она мали. Инклузиони

комплекси зеолита, ме!)утим, показуху знатно бол>е карактеристике од основних

кат)онских облика. Процес инклузи)е повеЬава електричну проводоьивост зео

лита. Ефекат )е двострук. Расте укупни бро) )она, код )едновалентних чак

за фактор два, и расте покретл>ивост катиона унутар чврсте фазе52. За пове-

Ьанье покретл>ивости одговорна )е интеракщф ко)а се ]'авл>а уласком нитрата

у кавезе зеолита, и то измену кисеоника мреже и контра-)она зеолита с )едне

стране, и )онског пара нитрата с друге стране. Инклузи)а )е одговорна за

промену позищф катиона, контра-]она, аихово удал»аван>е од кисеоника мреже,

и за нарушаван>е метал-нитратне интеракци)е у )онском пару и удал>аван>е

кат)она од нитратне групе.

У таблици VIII дати су термодинамички параметри ироцсса елсктричне

проводоьивости кат)онских облика и нитратних инклузионих комплекса. Ент-

ропи]а активаци)е расте при инклузи)и и указу]е на пораст покретл>ивости

преносиоца наелектрисан,а, а промена слободне енергтф указу^е на промену

електроличког карактера зеолита при инклузи)и.

 

Т/»с

8. БТА криве за: (1) ЫаА- ЫаЫОз
(2) АвА ■ АвИОз и (3) ЫА ■ ЫЫОз47

4.4. Инклузиони комйлекси као чвреши елекшролиши



556 H. A. nETPAHOBHTi

TABJIHUA VIII. Tep.wo/nniaMimne BerormiHe AS h A*7 aa HHKjry3HOHe KOMiuieKce h neKe

KaTJOHCKC oSjiHKe 3eO.TIITa52

OsHSKa <t>opMyjia aexHopaTHcaHe ASJ mol-1 K_l A-P>kJ mol-1

cneMCHTapHe heimje Ha 500 K

LiA LinA -61,8 84,7

NaA Na«A -43,6 69,5

AgA AgiaA -83,4 89,4

LiALiNOa LiiiA-9LiN03 46,7 53,2

NaA-NaNOa NalsA • lONaNOs 18,5 57,7

AgA ■ AgNOa AgijA • lOAgNOs -44,3 51,2

Oco6HHe 3eojmTa Kao MBpcrax ejieicrpojiHTa noce6HO cy flouuie /jo H3pa-

>Kaja y ejieKrpoxeMHjcKHM HcrmTHBaibHMa, rfle je noKa3aHO aa ce Mory npHMe-

hhth CBe MOflepHe MeToae ejieKrpoxeivmjcKHX iwepe&a H3 kojhx ce Mory aoShth

Ao^arae HHxpopMainije h yomra HOBe KapaicrepHCTHKe obhx CHcreMa, MeljyniM

obo H3Jia3H H3 OKBHpa OBor nperjie,o;a h 3a-ro ynyhyjeMO Ha oaroBapajyhe jmTepa-

Typue noflaTKe97-72-80.

H3BOJI

JXaT je nperjiefl pa^ona kojh o6yxBaTajy KHKJiy3Hjy conn Ha 3CojihthMa 113 Bo^eintx

pacTBopa H pacTona. y ynoflHOM aejiy cy npiuiOKenH H noAauH o npHpcuHHM u chh-

TenwKHM ajiyMocHJiHRaniMa kojh ca,np>Ke cojih, oahocho koa kojhx ce conn yrpahyjy y TOKy

cmrre3e, npouecoiw OKJiy3Hjc. C noceonoM na>Kibo.« cy oopabemi HHKJiy3HOHH KOMnjieKCH 3ec-

jmia kojh Hacrajy y pacrony cojih, koa kojhx je ocuoBna crpyKTypa 3aflp>KaHa, 11 yKa.3aHo

Ha H>HxoBe KapaKTepHCTHKe h noHaiuaH>e co63HpoM «a je HHi<jiy3iija bha MOfliKpHKauaje 3eojnrra

Kojn Men>a h „KopHryje" ibcroue oco6Hne Kao iBperor enercrpojiHTa.

SUMMARY

SALT INCLUSIONS IN ZEOLITE STRUCTURES

nadeZda a. petranoviC

Institute of Physical Chemistry, Faculty of Science, Belgrade Universite, P. O. Box 550,

YU-11001 Belgrade, Yugoslavia

A review on the salt inclusion from aqueous solutions and molten salts in to zeolite struc

tures is given. In the process of inclusion of molten salts both the inclusion and ion exchange,

or only inclusion take part. Special attention is paid to the formation of inclusion complexes in

fused nitrates, as they retained the zeolite structure. The characteristics and behaviour of inclu

sion complexes is also reviewed. 75 references.

(Received 22 June 1983)
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1. УВОД

Захвал>у)уЬи сво)им особинама плазма представл>а изузетно погодну

средину за одиграван>е хеми)ских реакщф. Висока температура ко)а у неким

плазмама може да достигне вредност до 104 К, затим присуство великог

бро)а радикала, )она и ексцитираних честица пружа могуЬност за одиграван>е

разноврсних реакци)а. Испитиван>а хеми)ских промена, као и кинетике и

.механизма хеми)ских реакщф насталих у плазми или стимулисаних плазмом

представл>а садржа) хеми)е плазме, )едног дела научне области ко)а се бави

плазмом. Последньих децени)а хеми)а плазме се врло брзо развита захвал.у)'уЬи

резултатима фундаменталних истраживанъа и могуЬностима за примену ових

резултата у индустрии. Очекивало се нащре да Ке плазма наЬи велику при

мену у индустрии, али погоршана економска ситуаци)а у свету, поготово

висока цена електричне енерги^е, ограничила )е аену примену. Ме^утим,

научна истраживан>а хеми)ских процеса у плазми хетерогених система дала

су изузетне резултате ко)и су и поред тога нашли велику примену у металур-

ги)и и технологии полупроводника.

2. КАРАКТЕРИСТНКЕ ПЛАЗМЕ И ХЕМЩСКЕ РЕАКЦЩЕ

Ако се плазма посматра као средина погодна за наста^авье хеми)ских

реакци)а тада се на основу 1ьених физичкохеми]ских карактеристика — тем

пературе, притиска гаса и електронске густине разлику)у два типа: високо
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тсмпературска или тер.чичка и нискотемлературска или нетермичка плазма.

Плазме код којих су температуре неутралних молекула гаса, односно атома,

јона и електрона једнаке, окарактерисане су стањем локалне термодинамичке

равнотеже. У њима електронска густана износи 1020— 1022 т_3, притисак

гаса једну и више атмосфера а температура гаса од 103 до 10* К. До хемијских

реакција у плазми долази услед термичког активнрања реактаната па су због

тога ове реакције по својим особинама најпрнближније високотемпературским

реакцијама. Особине високотемпературске плазме имају плазме електричног

лука на атмосферском притисну и плазмотрони. Хемијске реакције у високо-

температурској плазми настају на врло високим температурама и због тога

су у н>ој услови пово.ъни за јако сндотермне реакције, реакције које су пра-

ћене великим утрошком енергије нпр. на загревање тешко испарљивих једи-

њења, реакције гасификапије угља и др. Пошто су реакције дисоцијације

процеси који се углавном одигравају на високим температурама то су продукти

ове плазме углавном једноставни одн. не много сложени молекули који на-

стају процесом рскомбинације.

Посебни проблеми везани за природу ове плазме настају кад треба

издвојити крајњи продукт. Продукте настале на температуря од веколико

хил>ада степени треба довести на услове нормалне температуре и притиска

тј. треба их нагло охладити а да се при том што је могуће више избегну нак-

надне реакције рекомбинације. Процесом наглог хлађења постажу се најбољи

резултати при брзини хлађења од 108 К б-1. Постоји неколико метода којима

се постиже овај ефекат. Најчешће се примењује поступак адијабатске експан-

зије или поступак којим се нека лако испарљива течност која са продуктима

у плазми хемијски не реагује или хладан гас убацују у плазму. Радикали

присутни у плазми на високим температурама приликом хлађсња прелазе у

стабилне молекуле. Док у плазми влада локална термодинамичка равнотежа,

дотле је процес наглог хлађења неравнотежан процес, одређен кинетичким

параметрима компонената система. Услед тога садржај крајших продуката

није одређен само термодинамичком равнотежном концентрациям већ и

приносом реакција рекомбинације при хлађсњу.

У нискотемпературској плазми температуре електрона, јона и неутрала

су различите. Температура неутралних честица износи неколико стотина

степени, а температура електрона неколико десетина хшьада степени. Због

ниске температуре тешких честица ове плазме се зову и хладне плазме. У

њима је густина електрона мала и износи 101в— 1018 т~3. Састав плазме је

далеко од равнотежног састава . Активиран>е реактаната код хемијских реакција

врше електрони који имају велику енергију. Овај тип плазме имају електрична

пражњења на ниским притисцима гаса. Ту спадају плазме тиљајућег праж-

њења, радиофреквентног (гГ) пражн>ен>а на ниским притисцима и микро-

таласна иражн>е1ьа. Услови у плазми су због ниске температуре гаса и нио

ког притиска повољне за настајање компликованих једињења чак и таквих

који сс уобичајеним хемијским поступцима не могу синтетизовата. Код ниско-

темнературске плазме температура гаса има изузетно мали утицај на ток ре-

акције. Брзи електрони врше нееластачне сударе са честицама гаса и при

томе настају јони, атоми и разни продукти дисоцијације и јонизације. Све

ове чсстице су врло реактивне и могу на различите начине да реагују. Одатле

велики број разноврсних продуката. Ова плазма је повољна за одигравање

егзотермних рсакција због ниске температуре честица. Због ниског притиска

гаса, честицс у плазми имају велику дужину слободног пута и до изражаја
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долазе реаюгще са зидовима реактора и електродама ко)'и играну улогу трепег

тела. Образование сло)а полимера на зидовима и електродама карактеристично

)е за ову врсту плазме.

Пошто се по вредностима температуре електрона, електричног пол>а и

притиска гаса нискотемпературске плазме разних електричних пражн>ен>а раз-

лику)'у ме!)у собом, то избор одговара^уЬе врете пражн>еньа одре!)у;е хеми)ска

промена ко)у желимо да постигаемо. Нпр. за реакщф кракованьа и дисо-

ци)аци)е погодне су плазме тшьа)уЪег или радиофреквентног пражн>ен>а где

електрони има)у релативно велику енерги)у али за реакци}е кондензаци)е

погодне су плазме корона-пражн>ен>а где електрони има)у ман>у енерпцу.

Посто)е разне могу1шости да се хеми^ске реакци)'е у плазми примене

у индустрией1'2 али увек се поставлю питанье специфичног утрошка енерпф

т). колика )е електрична снага по граму доби)'ене супстанце потребна. Због

високог притиска услови за примену у индустрией термичке плазме би могли

да буду поволят кад би се могли експериментално остварити теори)ски сра-

чунати приноси. Нетермичка плазма одлику^е се изузетно малим приносом

т). великим специфичним утрошком енерпф. И поред тога што су плазмени

реактори конструкционо ]'едноставни и што издва)ан>е продуката из плазме

не представл>а проблем, то ^е разлог што )"е ова плазма нашла примену само

код посебних реакщф.

3. ПРИМЕНА ТЕРМОДИНАМИКЕ НА ХЕМЩСКЕ СИСТЕМЕ У ПЛАЗМИ

Високотемпературска плазма одлику)е се )'едном температурой за све

честице у плазми. Ова врста плазме има особине станьа локалне термодинамичке

равнотеже и састав плазме одре!)ен притиском и температурой теори)ски се

може израчунати на основу термодинамичких величина компонената. Пошто

)е температура у ово) плазми висока, 104 К, то )е активиран>е реактаната за

хеми)ске реакци)е термичко. Ове плазме нису температурски хомогене. На)-

виша температура ]е у оси плазме, а према периферией опада до собне темпера

туре3,4. На високо) температури као продукти дисошфщф присутни су

радикали, атоми, ]они и измену ових компонената плазме долази до хеми)ских

реакци)а. Састав плазме одре^ен ]е симултаном хеми)Ском равнотежом на

дато) температури. Ако су нам познате хеми)ске реакщф до кощх долази

на одре^еним температурама, АЩ топлота хеми^ских реакщф као и гьихове

термодинамичке функщф — (Со—Щ)/Т могуЬе )е теори^ски израчунати

састав плазме у зависности од температуре5-8. За сложенное системе ова

метода )е рачунски врло компликована. Нумеричка метода №ппе-а и сар.9_и

применьу^е се код сложених система за израчунаван>е равнотежног састава.

Она се заснива на услову минималне енерги)е система. Потребно )е познаван>е

слободне енерги]'е, Р0/КТ за дату компоненту. Предност методе )е да она

не полази од одре^ене равнотежне хеми)ске реакщф веК само од хеми)ске

врете12-14.

Чест )е случа) да експериментално одрс^ена концентращф кра)н>их

продуката има веКе вредности од оне ко)'а се добила на основу теори)Ског

израчунаван>а састава за равнотежне услове. Узрок овЬме може се наЬи

у хеми)ско) кинетици реакщф юф прате брзо хла^сше високо температурског

система. И поред велике брзине хла^енл неке реакщф су тако брзе да се
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He Mory H36ehn. Baronnet h cap.15 3ana3Hjm cy OBaj ecpenaT koa CHHTe3e NO

y imasMOTpoHy KojH je ropeo Ha aTMOctpepcKOM npHTHCKy y eKBHBajieHTHoj catenm

a30Ta h KHceoHHKa. OBaj cHcreM je h TeopnjcKH o6par)eH. yseracy yo63Hp peaK-

UHje H3Met)y a30Ta h KHceomiKa Ha TeMnepaTypaiwa hoioa 5000 K KaA cy ripn-

cyrac cjicAehe HeyrpajiHe Bpcre N2, O2, NO, N h O. Kao pe3yjrraT xeMajcKiix

pearamja npnjiHKOM x.iar)aba rpa^n ce NO. noqeraa 6p3HHa xjiarje&a oBe CMenie

je 108 K s-1. OBaj CHcreM 6n Ha ocHOBy xeianjcKe paBHOTe>Ke Morao jxa. 7%

NO a flo6po H3BeA£H nocrynaK 6p3or xjiafce&a Morao 6h Aa noBeha cagpHoj

NO ao 11%.

Ha ocHOBy OBora MOH<e ce 3aKJbyHHTH aa ce o e(pHKaanocTH nponeca 6p3oi

xjiar)eiba oahocho 3aycTaBJbaH>a peaKHHja Koje cy ce o^HipaBajie Ha bhcokhia

TeMnepaTypaiwa jviopa boahth pa«ryHa. Obo je Bpjio Ba>KHO Ka^a ce TepMajma

njia3Ma npHMeayje 3a Ao6itjaH>e HeKor jeAHH>eH>a1617 h npH aHajiH3H iuiaawe

MeTOAaiwa koa Kojnx AOJia3H p,o xjiarje&a CHcreiHa npHJiHKOM aHajuree14.

BHCOKO-crpyjHH JiyKOBH npHMeifcyjy ce y JiymmM nehnivia 3a Ao6njaH>i-

bhcokhx TeMnepaTypa noTpeGHHX y MeTajryprajH. JlyHne nehH ce H3Mer)y ocrajior

npHMeH>yjy h 3a Tonjbeae oTna^Hor MeTajia, ymaBHOM Fe. y thm nehmvia aoctiokc

ce TeMnepaTypa npeKO 104 K. TeMnepaTypa njia3Me 3aBHCH oa CHare eneicrpHWHt

eHepraje h oa Tonjiorae h ejieicrpHmie npoBOAJfcHBOcra iuia3Me. Ilo3HaTo je a*

xeMHjafce peaKHHje y mia3MH yrnqy Ha ToiuiOTHy h ejieHTpn^nry npoBOftiBHBocr

njia3Aie, a THine h Ha TeMnepaTypy h TeivinepaTypcKy pacnoAejry18-25. Kano ct

koa e^eKTpHMHHX nehw paflH o Bpjio bhcokhm TeMnepaTypaivia, noTpe6HO je 113a-

6para onTHMajrae ycjioBe paaa. Mo>Ke ce oieKHBara Aa he npncycTBo napa Fe

y nna3MH yrHHaTH Ha H>eHy TOiuioTHy h ejieicrpH^niy npoBOAJMiBOCT. H3pa*iyHa-

Ban>a 3a CHCTeiw ca 5% h 1% Fe y napn 3a TeMnepaTypcKe o6jiacTH oa 1000 ao

25000 K noKa3yjy Aa ce HajBehe npojweHe jaBJ&ajy koa Tonjiorae iipoboaj&hbocth

H3HaA 9000 K h eneKTpHMHe npoBOAJbHBOcTH oa 5000 ao 10000 K (cjiHKa l)26.

Obh pe3yjiTaTH noKa3yjy a^ he npncycTBo Fe yraHaTH Ha TeMnepaTypy nJia3Me

y JiywHHM nehnjwa.

 

TEMPERATURA K 'TEMPERATURA K

Cjihio 1 . Ejiei<TpH>iHa h Torino-rna npoBOfljbiiBocT sa3,ayxa, a30Ta h B33-

«yxa ca flo/jaTKOM Fe. YKynaH npH-racaK 1 bar.

IIo3HaTO je Aa TepMHm<a ruia3Ma y cnoji.auiH>HM 30Hajwa noKa3yje ciAcrynaite

oa paBHOTe>KHHx craH>a27. Kojihko ce OBe ocoShhc HepaBHOTe>Ke OApajKaBajy

Ha TonJioTny h e.ieKTpHUHy npoBOAJtHBoer bhah ce H3 H3pa*iyHaBan>a obhx BeJiH-

yHHa 3a njia3My aproHa y cpyHKUHjH reMneparype ejiei<TpoHa28, a 3a pa3He oahocc

TejwnepaType cneKTpoHa 11 TeivvnepaTypc xeuiKHX MccTHna, 0 = Te/Tt. TonjioTHa
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и електрична проводоьивост израчунате су за сташе равнотеже Те =7\ и

за неравнотежна станьа Те > Т% (слика 2). Уколико систем показу)"е веЬе

одступаае од равнотеже веЬа )е и промена електричне проводоъивости. Кад

)е Те = 15000 К станье неравнотеже нема више утица)а на електричну про

водоьивост. Максимум топлотне проводл>ивости ко)и одговара )онизаци)и

 

Е1ЕКТК0Ы.ТЕМР Ю'К Е1.ЕКТК0К ТЕМР «}К

Слика 2. Електрична и топлотна проводоьивост аргона у зависности

од температуре електрона. Укупна притисак 1 Ъаг,

в = Ге/Гг.

атома Аг расте уколико )е веКе одступанъе од равнотеже. Ова израчунаван>а

показу)у да се у перифери^ким деловима термалне плазме могу очекивати

одступа1ьа вредности карактеристика плазме од оних ко)и се добща^у рачун-

ским путем под условом да влада стан>е равнотеже.

4. КИНЕТИКА ХЕМЩСКИХ РЕАКЩЦА У ПЛАЗМИ

Улога електричног пражн>ен>а у системима са локалном термодинамичком

равнотсжом своди се на загреванье гаса. Компоненте плазме прима)у енерги)у

у виду транслационе енерги)е. За неравнотежну плазму характеристична )е

висока температура електрона, а ниска температура гаса. Према томе електрони

има)у велики садржа) енерги)е и при сударима са тешким честицама долази

до вибрационог и електронског активирааа. Активиране честице нема)у ве

лики садржа) транслационе енерпф, она )е на)чешЬа близу собне температуре,

али им ]е зато вибрациона температура висока. На слици 3 приказана )е ви-

брациона температура у зависности од снаге радиофреквентног пражн>ен>а30.

За неравнотежну плазму може се реЬи да ни)е важно колики )е укупан

садржа) енерги)'е, веК како )е та енерпф расподел>ена на унутраплье степене

слободе честица. За хеми|ске реакци)е на)важни)а су активираньа вибрационих

степена слободе, )ер могу да доведу до дисоци)аци)е. Вишеатомни молекули

има)у веЬи бро) могуЬности за дисощфщ^у и код н>их се )авл»а велики бро)

радикала. Као што )е код термалних плазми важно за разумеван>е процеса

у плазми познаваше температуре, тако )е код нетермалне плазме, важно по

знавание енерги)е електрона, односно температура електрона. Енерги)"а елек

трона углавном зависи од електичног пол>а и притиска гаса. Са повеЫцьем



564 н. н. икономов

притиска гаса сман»у)е се енерпф електрона, )ер расте бро) судара електрона

са тсшким честицама, а са порастом доведене електричне снаге расте и тем

пература електрона28-30. На таблици I приказана )е зависност енерпце елек-

 

Слика 3. Вибрациона температура молекула N0 у зависности од елск

тричне снаге одре^ена у рфгГ пражн>ен>у од 27,6 МН7, р = 0,78 тЬаг

трона од електричне снаге код радиофреквентног прамоье&а у ваздуху при

притиску од р = 0,78 тЬаг, а на таблици II дата )е зависност енерги)е елек

трона од притиска ваздуха при електрично) снази од 70 №.

ТАБЛИЦА I. Енерпф електрона у електричном пражнлау од 27,6 МНг у

од електричне снаге, р = 0,78 тЬаг ваздуха80

Електр.

Я. (еУ)

20

7,8

?0

8,0

50

8,5

70

9а

ТАБЛИЦА II. Енерги)а електрона у електричном пражн>ен>у од 27.6 МНг у зависности

од притиска ваздуха и електрично) снази од 70 ^С.

Притисак

(тЬаг) 0,65 1,3 2,6 3,9

Е. (еУ) 10,5 6,5 5,1 4,9

Енерги)а електрона измерена )е техником двоструких сойди (лит. 36)

Из таблица I и II се види да повеКаае притиска гаса знатно сман>у)е

енерги)у електрона, што )е битно за хеми]ске реакци)е. Расподела енерги)е

електрона у цеви за пражзьенэе )'е нехомогена, расте према зидовима цеви,

а опада према средний цеви. Вредност енерпф електрона зависи и од уда

льности од калема код индуктивног спреза*ьа, таблица III30.

ТАБЛИЦА III. Расподела енергн^е електрона у цеви за пражы>ен>е

Удал>ен,е В, (еУ)

од средина зид

калема цеви цеви

В 9,2 13,2

С 8,1 11,5

5,3 8,7

< — кра) индукцпоног калеча, С — 10 тш пзнад калема и Э — 25 тт нзнад калема
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Брзине реакци]'а у нискотемпературско) плазлш су мале, те на кинетику

реакглф поред енерги^е електрона утиче и време боравка честица у плазми.

На време боравка честица у плазми утиче се протоком гаса 31~33.Код ниско-

температурске плазме због различите температуре присущих честица у плазми

не може се у кинетици говорити о )едно) температури. Код теори)'ског тре-

тирааа кинетике неравнотежних реакщф, уместо константе брзине реакщф

уводи се константа К{ ко]а означава вероватноКу да Ье се неки процес оди-

грати1. Она зависи од попречног пресека за дата процес, сц(Е), и од функщф

расподеле енерпф свих честица ко^е учеству)у, {(Е)

(1)

Како )е код реакщф у нискотемпературско] плазми енерпф електрона

на)веЬа, то се под {(Е) подразумева функщф расподеле енерпф електрона.

Израчунава&е функщф расподеле енерпф електрона код неравнотежне

плазме (слика 4) показу)е релативно велики бро) електрона велике енер

пф34.35.

Слика 4. Расподела енерпце електрона. Е

)ачина електричног пол>а, N укупна гуспша

честица у пражн>ен>у.

 

; 6 Ю 14

Е (еУ)

У пракси )е немогуНе применити горку )едначину, )ер вредности за

ефикасне пресеке за дату реакщф, уколико се и могу наЬи у литератури,

има^у само приближне вредности. Кинетичко разматраае неравнотежне реак

щф у плазми гг" пражшеаа дали су Тегика и МШег37-38 при анализи меха

низма реакщф плазмолизе анизола. Теори^ске вредности попречног пресека

и функщф расподеле енерпф заменили су пропорционалним величинама юф

се могу мерити. Ако се узме да су за брзину реакщф плазмолизе одлучу]'уЬи

судари са електронима то се применом )едначине (1) добила израз за реакщф

првог реда. Експериментални подаци уклапа)у се у )едначину

(2)

где )е р°{ притисак анизола пре уласка у зону пражн>ен>а, а р\ притисак ани

зола после изласка из зоне пражн>е1ьа, Г(е) изражава расподелу енерпф

електрона, а т )е време боравка честица у плазми. Пошто енерпф електрона

расте са снагом, Р, опада са притиском гаса, р, )едначина (2) се може изразити

и у следеЬем облику

- 1п(Р1/р?) = к[хР1р (3)

Ако се станке гаса у плазми апроксимира стан>ем идеалног гаса т).

х\р = У/КТг .4)
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где )е г проток гаса, ^едначина (3) добива кращ>и облик

-1п (/>!//>») = *; УР/КТг. (5)

У )сдначини (5) фигуришу величине ко)е се експериментално могу мерити.

Исгштиван>а разлагана пара алкохола у гГ пражн>ен>у од 27,6 МНг

показала су да принос и природа пролуката зависе од електричне снаге ко)а

се доводи у реактор и од протока гаса31-33. Реакци)е дехидрогенаци^е и де

карбонилаци)е зависе од експерименталних услова. ВеЬа енерги)а електрона

и дужи боравак честица у плазми иде у прилог ствараау ман>их молекула.

5. СЕНЗИБИЛИЗАЦЩА ХЕМЩСКИХ РЕАКЦЩА У ПЛАЗМИ

Поред активирана молекула директним сударом са електронима, акти

вираше се може врпгати и преносним путем т). сударима другог реда. Ефекат

сензибилизаци)е код плазмохеми)ских реакци)а се често примен>у)е, )ер утиче

на брзину реакци^е, повеЬава принос, односно сман>у)"е утрошак енерги]е.

Сензибилизира^упе детство има)у неке компоненте гаса и чврстих супстанци)'а.

Шихово де)ство се састо)и у томе што )е метастабилно стан>е сензибилизатора

енергетски више од енерпф (онизаци)е или дисоци)аци)е реактаната. Су

дарима друге врете честице ко)е су ексцитиране до метастабилних стааа

преносе енерги)у )онизаци)е на неутралне молекуле (Реппт§-)0Низаци)а). Нпр.

присуство пара живе повеЬава конверзи)у метана у ацетилен у термично)

плазми захвал>у)уКи реакцищ39,

СН4 + Н8*->- СНз + Н + Щ.

Познато )е да додатак паре Нд; утиче на принос г-Шз у тгаьа^уЬем пражзъен>у

у атмосфери N2 и Нг- Девство сензибилизатора може се об)аснити следеНим

механизмом1

н2 + Щ*^ н + н + щ

Щ + Н ЫН + N

+ н2 -* ъаи

N + Н2 + ЫН + Н

Енерпф метастабилно ексцитираног Н§ атома доволла )е за дисоци)аци)у

молекула Нг- Активирани N2 реакциям са Н атомом да)е атомарни азот.

Очигледно да Ье се принос ЫНз овим реакци)ама повеКати. Енерги)'а мета-

стабилног сташа Н§ износи 4,8 еУ и довольна )е ^едино за дисоци)аци)у Нг.

За дисоци)аци)у молекула N2 била би потребна ексцитащиа атома Н§ до

нивоа од 10 еУ. Познато )е да су вибрационо-активирани молекули N3 врло

реактивни, а за ову сксцитаци)у потребно )е ман>е енерги^е. Као сензибили-

затори примен>у)у се атоми племенитих гасова, нарочито аргон и хели)ум.

Додатак Не убрзава реакци)у разлагана метана у тшьа^укем пражьеау за-

хвал>у)уКи преносу енерги]е са метастабилног стан>а Не на молекул СН4.

Предложен }с следеЬи механизам40,42
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Не + еыг -> Не* + еВр0р

Не* + СН4 -* СН; + Не

сн; -> снз + н.

Принос озона повеЬава се у присуству молекула N2. Овде се енерпф са

ексцитираног молекула N2 преноси на молекул кисеоника. Предложени ме-

ханизам41 )е следеЬи

М* + еыг -*■ N2* + еврог

+ 02 -> 2 О + N2

2 О + 2 02 -> 2 Оз.

Ексцитирани молекул кисеоника дисосу]'е на атоме ко)и дал>е реагу)у са моле-

кулима кисеоника.

Сензибшшзиране реакци)е показуху особине каталнзираних рсакщф, па

се често назива)у плазма-каталитичким реакщфма.

6. ВРСТЕ ХЕМЩСКИХ РЕАКЦЩА У ПЛАЗМИ

а) Синтезе хемщских ]един>ен>а у йлазми

Пошто плазма представл>а специфичну средину за хеми)ске реакци)е

велико интересовагье било )е кра)ем педесетих година да се остваре рсакци)е

ко)е би довеле до синтезе )едшьен>а у плазми. Нискотемпературска плазма

због ниске температуре и притиска гаса, као и електронске активащф гаса

нашла )е примену у органско) хеми]'и. Очекивало се да Ье се применом плазме

добити поступай за синтезе много )едноставни]и од хеми)ског. Када се говори

о синтези )един>ен.а у плазми треба на)пре истаЬи радове 8ипг-а и н>егове

резултате ко]И се односе на синтезу многих органских )един>ен>а. Главни

недостатак примене плазме за синтезу )един>е№а )е н>ен неселективан карактер .

Брзине хеми)ских реакци)а у нискотемпературско) плазми су релативно мале,

па )е време живота по)'единих радикала и )она због ниског притиска релативно

дуто тако да су могуКности за ступаше у реакци)е многоброще и као резултат

доби)'а се велики бро) продуката. Поред продуката дисоци)'апи)е и реком-

бинаци)е образу)у се и продукти са вепим бро)ем веза С — С од полазних

реактаната као резултат реакци)е радикала и )она са неутралним молекулима.

Од различитих врста хеми)ских реакщф остварених у плазми набро^аЬемо

само неке. Плазма тщьа)уНег пражн>ен>а представл>а поволено услове за ре-

акци^е изомеризаци)е. У високофреквснтном пражнъс1ьу снагс до 50 № сгапз-

-стилбен прелази скоро 90% у ш-стилбен1 . Познате су реакцц)'е у копима

по^едине групе мен>а)у сво) положа) нир. /ьксилол прелази у о- и «-ксилол

или анизол у о- и /ькрезол и фенол43,44. Алдехиди и кетони у пражнэсшу

губе групу СО, а преостали раднкали се димеризу^у или губе водончк, нпр.

бензофенон прелази у бифенил, а бензалдсхид у бензол и бифенил са великим

приносом. Органске киселине у праж!ьс1ьу губе групу (-ООН, тако бсизосва

киселина скоро квантитативно прелази у бензол. Нски раднкали у електричним
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праиаьешша на ниским притисцима стабилизу)у се тако што се дехидроге-

наци]ом образу)у циклична )едшьен>а и то са веЬим приносом одиграва)у се

реакци)'е у ко)има се образу)е петочлани прстен од оних са шесточланим

прстеном44. Са приносом приближно од 50% у тивьа)уЬем пражьеау оди-

грава)у се реакшф

СТО *СОД ОХ)-бЪ

Х-У*С*СН. СК=М. К*

У плазми гГ пражн>ен>а од 13,56 МНг и снаге од 50 № доби)а)"у се продукта

код ко)их се група СЫ уводи у прстен ароматичног )един>еьа са приносом

од 50%, али се при томе добила смеша орто, мета, пара и ипсо супституисаних

продуката48

6—6" 6» 6 • 6

«Нз.СГэОКРД,Вг *

Предност ове методе )е да нема загреван>а, растварааа и примене катализа

тора, што иначе прати реакци)'е овог типа.

1едшьен>а ко)а се при нормалним хеми)ским условима не могу синте-

тизовати, залажена су у нискотемпературско) плазми. У корона-пражн>ен>у

синтетизована су )един>ен>а бора и угл>оводоника46 као В3С2Н5, аш. В4С2Н6

и несим. В4С2Н6. Од необичних )един>ен>а насталих у плазми примену )"е

нашло )един>ен>е О3Р2 и употреб.ъава се као додатак ракетним горивима,

)ер у течном кисеонику омогуку)е лакше сагоревавье горива1.

Синтеза N0 праНена )е у високо и нискотемпературско) плазми. У

високотемпературско) плазми максимални принос )е 11% N0 из еквимоларне

смеше N2 и Оо на притисну од I Ьаг, ако се процес хла!)ен>а изводи врло

брзо. Оптима.ши услови за синтезу N0 праЬени су великим утрошком енер-

ги)е. Тсори)'ски би на)нижи утрошак енерги)е био 7 к№п/к§ N0. У раду15

се истиче да кад би се ови услови остварили, ова метода би могла конкури-

сати било ко)0] хеми^ско) .метода. Испитиваьа синтезе N0 у нискотемператур

ско) плазми има)у за цшь налажеье енергетски повол>ни]их услова. Да би

се ово постигло потребно )е познавание механизма и кинетике хеми)ских реак-

ци)а. Оваква испитиван.а вршена су у микроталасном пражвьешу49. На)веЬи

принос постигнут у нискотемпературско) плазми износи 7% N0, када ]е

укупни притисак испод 260 тЬаг а снага 400 №.

б) Хемщске реакцще измену С и Н у йлазми

У тин>а)}Ьем пражн>ен>у где )'е )едаа електрода од графита, а носеНи

гас нодоник, запажена )е 1970. г. синтеза ацетилена, метана и читавог низа
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угљоводоника50,51,53. Затим је уследио читав низ покушаја гасификације

угља у плазмотрону, корона-пражњењу, микроталасном и гГпражњењу52,64,56.

Испитивани су продукти настали у плазми електричних пражњења у природ

ном гасу, нафти, метану и у смешама разних састава угљеника и водоника58-62.

Ради бољег искоришћења угљеника и већег приноса ацетилена многи радови

односили су се и на испитивање механизма реакције57. Састав плазме метана

у електричном пражњењу од 13,56 МНх и притисну од 0,1 до 1 тЬаг анализиран

је масеноспектрометријски63,64. Директна анализа састава плазме извршена је

подешавањем потенцијала на плочицама за фокусирање. Она показује при-

суство јона, радикала и неутрала у плазми. Главни стабилни продукти праж-

њења су молекуларни водоник и ацетилен. Аксијална и радијална расподела

јона у плазми при капацитивном спрезавъу показују различити састав. Акси-

јална расподела показује присуство С+, СН+, СНг+, СНз+, СгНз+, а радијална

расподела СН3+, СН5+, СгН5+.

Обилност продуката насталих у гГ пражњењу зависе и од електричне

снаге пражњења. Са порастом снаге, повољнији су услови у пражњењу за

стваранье најједноставнијих молекула. Разлагањем я-октана у т{ плазми нај-

обилнији су С2Н2 и Н265. Расподела гасних продуката добивених разлагавшем

«-октана у зависности од електричне снаге пражњења приказана је на слици 5.

15

4 05

Слика 5. Расподела гасних продуката у за- 50 75 100 125 150

висности од снаге гГ пражњења у л-октану. зидод VI

Добре резултате показали су поступци десулфуризације нафте и угља у елек

тричном пражњењу на ниском притиску. Сумпор се најчешће елиминише

као Н28 или 8в0 в8,в9. Овај поступай представљао би велики успех плазмо-

хемије ако би се разрадио и применио на десулфуризацију чврстих угљева.

Синтеза ацетилена врши се најефикасније у високотемпературској

плазми. У зависности од полазнс супстанције и типа плазменог реактора

постоји неколико поступака који се примењују у индустрији. Нй1з-ова метода

која се примењује у индустрији, ради на принципу добијања ацетилена из

метана у високонапонском луку1. За синтезу ацетилена користи се и реакција

између угљеника и водоника у гасној фази. Принос ацетилена зависи од од-

носа С/Н67. Метода добијања ацетилена из метана пружа могућности за по-

бољшање поступка, ако се кра!сован>е метана изводи у присуству Аг, N2,

Нг или чак Н2О39. Најбоље карактеристике као реактор за ове врете плазмо-

хемијских реакција показао је плазмотрон. За укупан принос ацетилена има

велики значај и поступак брзог хлађења.
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в) Хемщске реакцще комйоненаша плазме са йовршином

чврсше фазе

Облает плазмохеми)е кеда се односи на уза)амно де)Ство плазме и гра-

ничне површине у систему чврсто-гас, нашла )е велику примену у индустрией.

Ниска температура, велика брзина депонован>а танких филмова на површини

чврстог тела, као и физичко-хеми)ске карактеристике ових сло)ева чине ову

плазму посебно интересантном . Последвьих десет година велики бро) радова

бави се овом проблсматиком. За технику полупроводника интересантно )е

стваранье сло^сва силици)ум-нитрида и силици)ум-оксида. Облагайте поврпшне

силици]ума сло|ем 51зК4 постиже се у плазми гГ пражн>ен>а, тшьа)уКег или

микроталасног нражн>ен>а. За металурги)у интересантни су резултати корт се

доби)Э)у када се гвоифе или челик пренуку сло)ем нитрида плазмолектричшш

путем. Облагатьем површине метала сло)ем нитрида метал добила веЬу тврдоЬу

и еластичност. Ово )е важно у индустрии код израде металних делова ко)и

трпе велике притиске при раду. У ову еврху разращена )е у пракси техника

по ко)0) )они азота из плазме удара)у о површину метала, са вьиме реагу)у

и да)у нитриде71. Истим поступком доби)3)у се и карбида разних метала70.

Површине полупроводника облажу се сло^ем оксида. 1едан од поступака

)е да се на површини 81 образу;е сто) оксида у кисеонично) плазми доби^ено)

у мшфоталасном пражнъеньу. Захвал>у)уКи де]ству плазме постиже се и пре-

криван^е подлоге финим сло]'ем метала. Органско )едан>евье метала уводи

се у плазму где сс услед дисощфщф молекула доби)а]у )они метала. Они

удара)у о површину подлоге, рекомбину)у се и ствара^у финн хомогени ело).

У плазми су остварене синтезе металокерамичких материала. То су

)едшьен»а метал-неметал. Ако се прах метала уведе у плазмотрон или вискоо-

стру)Ш1 лук у присуству амошфка, добила се нитрид датог метала. У присуству

метана доби)а)у се карбида. На ова) начин доби)ени су карбида, нитрида,

са )едшьевьима бора борида, а са )едивьен>има снлици)ума отлициди. Ови

матери)али отпорни су на топлоту, има)у велику тврдоНу и механичку чврстоЬу.

За нуклеарне реакторе употребл>ава се уран-карбид, ко)'и >е доби^ен ре

акциям

Ш2 + ЗС чврст -> 11С + 2СО.

Уран-диоксид и графит налазе се фино дасперговани у материалу аноде,

1«н'а се при лучном пражшльу загре)е до 4000— 50000 К када почшье реакшф.

Уран-карбид пада у облику куглица1.

По]ава полимера при електричним пражаевьима у органским )един>е-

1ьима на ниским притнецима ]е карактеристична за нискотемпературску плазму.

Полимери доби)ени у плазми одлику)у се следеЬим особинама: има)у високу

тачку топ.ьен>а, хеми)ски су изузетно отпорни. Због ове посебне одлике

примедь) )у се за заштиту метала од корози)е. По електрично) проводл»ивости

ови полимери спада)у у полупроводнике. Изузетно добре филмове полимера

образу^е шшплтетрамстилсилан у тин>а)уЬем пражньеау1.

г) Примена хемщ'ских реакцща Плазме. Нова досшигнуНа

Од плазмохеми)ских реакшф на површини чврсте подлоге значаще су

рсакщф нагризан>а површине, облаганьа површине танким акфм и доби|ан>е
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чврстих аморфних супстанци)а због примене у техници полупроводника, ме

талургии и изради соларних батери)а.

За нагризан>е површине погодне су нискотемпературске плазме. Принцип

рада ове методе састощ се у реакцией површине и врло реактивног гаса у

условима електричног пражаен>а72. У ову сврху примен>у)е се СР4» 8Рв)

а површина )е 81, 8Ю2. НосеКи гас )е на)чешНе водоник. Масено-спектро-

метри)ска анализа гасна фазе73-76 показухе присуство 81Р4.

Депоноваае сло^а пирокарбона у гГ плазми добива се из смеше пропи

лена и аргона на притисну од 13 тЬаг и електрично) снази од 0,6 к№77. Пиро-

карбон се одлику)е изузетно великом чврстоЬом и термички )е отпоран, нпр.

изнад 2900 К н>егова чврстоЬа )е 40 пута веЬа од чврстоЬе волфрама. Због

тога пирографит налази примену у ракетно) и нуклеарно) техници.

Технички поступци за синтезу материала ко)и се примен.у)у за доби^аае

сицили)умских оптичких влакана данас су у врху интересоваша. Последаьа

два симпозиума из плазмохеми)е то показу]у. У ову сврху примен>у)е се г{

плазма, али велике снаге, нпр. 12 к№, )ер )е потребно да на)пре потпуно

испари основни материал ко)и се састо)и од 81 и А1, затим да дог)е до потпуне

оксидаци)е паре метала и до наглог хла^е&а78.

Филм аморфног силици)ума депону)е се у плазми тин>а)уЬег пражн>ен>а

из смеше 81СЛ4 — Нг77. Филм има поликристалну структуру са кристали-

тима величине 4— 8 пт. Ова) филм налази примену при изради соларних

батери)а.

7. ЗАЮЬУЧАК

Велике могуНности за примену плазме електричних пражшеаа допринеле

су брзом разво)у хеми)е плазме. Нискотемпературска плазма, ко;а се одлику)е

ниском температурой гаса, ниским притиском гаса и великом енерги)ом елек

трона нашла )е велику примену нарочито у техници депонова&а танких фил

мова различите хеми)ске природе. Високотемпературска плазма, пак, због ви-

соке температуре гаса нашла )е примену у индустрией за доби)ан>е С2Н2 и

N0. Она се примен>у)е и за тошьенье тешко топл>ивих )един>еньа. Упоредо

са применом у индустри)ске сврхе, плазма електричних пражн>ен>а користи

се и за фундаментална истраживан>а .

ИЗВОД

Приказан )е преглед хемщских реакцща у плазми електричних пражн>ен>а. На основу

вредности за електронску густину, прнтисак гаса и температуре електрона и чеспща раз-

лику)у се термичка и нетермичка плазма. Хеми)ске реакци^е ко)е се одиграва)у у плазми

зависе од особина плазме. Испитиваша хеми)ских реакщца у плазми довела су до бол>ег

познаваше фундаменталних процеса и до примене плазме у индустри)и.
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SUMMARY

CHEMICAL REACTIONS IN PLASMA OF ELECTRIC DISCHARGES

NATALIJA N. IKONOMOV

Institute of Physical Chemistry, Faculty of Science, University of Belgrade, P. O. Box 550,

YU - 1 1 001 Belgrade, Yugoslavia

A survey of chemical reactions in plasma of electrical discharges is presented. According

to electron density, gas pressure and temperature of electrons and particles, thermal and non

thermal plasmas were characterized. In dependence of the plasma characteristics, different types

of chemical reactions occur in plasma. The investigations of plasma reactions lead to better know

ledge of fundamental processes and some results found an industrial application. 81 references.
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PREPARATION OF l,4-B/S(DIMETHYLHYDROXYSILYL)BENZENE

AND 4,4'-B/S(DIMETHYLHYDROXYSILYL)PHENYL ETHER
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Synthetic procedures for preparation of l,4-Wj(dimethylhydroxysilyl)benzene

and 4,4'-Ws(dunethylhydroxysilyl)phenyl ether were investigated and the results ob

tained are described. These investigations indicated that the methods previously

described in the literature could be improved, in terms of purity and yields of the

reaction products, when certain modifications were introduced. The results obtained

show that these modifications allow for preparation of these compounds in high pu

rity and 10—15% higher yields than previously reported.

During the course of our extensive investigations in the field of exactly

alternating silarylene-siloxane polymers (I), of the following general formula:

where: R = — CH3 and R'= — CH3 or -CH=CH2, a synthetic route to their

preparation was developed1,2 which utilized the low temperature condensation

polymerization reaction of the arylenedisilanols (II) and reactive, difunctional

fosureidosilanes3-5 (III) in inert reaction atmosphere and chlorobenzene solvent,

as follows:
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The monomers selected for investigation in this work were two different

fosureidosilanes : ftw(l,l-tetramethylene-3-phenylureido)dimethylsilane (R=R'=

=— CH3) and to(l,l-tetramethylene-3-phenylureido)methylvinylsilane (R =

=CH3j R'= —CH=CH2)3,4, and the following four different arylenedisilanols:

 

VI VII

Of these, preliminary results indicated that the most promising candidates were

l,4-to(dimethylhydroxysilyl)benzene (IV) and 4,4-fo'5(dimethylhydroxysilyl)phenyl

ether (V), and consequently detailed polymerization studies were concentrated

on these two. The selection was made on the basis of ease of their preparation

and purification, their reactivity in polymerization with &j(l,l-tetramethylene-3-

-phenylureido)dimethylsilane, ability to prepare high molecular weight polymers

and polymer properties.

Although synthetic procedures for preparation of these arylenedisilanols

had previously been developed by other workers, some useful modifications were

introduced during the course of this work and since they resulted in significant

improvements such as easier preparative procedures, increased yields and higher

purities of the products, we wish to describe them herein, because they may con

tribute to better experimental routines in future works.

RESULTS AND DISCUSSION

Preparation of l,4-bis(dimethylhydroxysilyl)benzene (IV)

This arylenedisilanol was prepared by hydrolysis of corresponding diethoxy

derivative (VIII) (Reaction 6), which had been obtained by reaction of the Gri-

gnard reagent from />-dibromobenzene (IX) with dimethylchlorosilane (X) to form

l,4-Ws(dimethylhydrogensilyl)benzene (XI) (Reactions 4—6).

There are two major procedures reported in the literature for preparation

of disilanol IV. The method originally described by Merker and Scott6 utilized

in situ Grignard reaction of />-dibromobenzene (IX) and dimethylchlorosilane (X)

in tetrahydrofuran solvent, yielding 65.9% of p-W^(iimethymy(irogens^y0ben2ene

intermediate (XI), followed by hydrolysis of this compound into p-Ws(dimethyl-

hydroxysilyl)benzene (IV) by means of ethanol/sodium mixture in 49% yield.

Consequently, the total yield of this procedure, calculated with respect to the

amount of p-dibromobenzene used, equaled about 32% The second method,
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described by Sorenson and Campbell7 and originally developed by Sweda8, made

use of the reaction of />-dibromobenzene (IX) and dimethyldichlorosilane which

yielded 36% of />-fc(dimethylchlorosilyl)benzene, followed by hydrolysis of this

Br-^~^-Br + 2 Mg » Br-Mg-^~^>Mg-Br

IX

Br-Mg-^A-Mg-Br + 2 Cl-Si-H

CH3
3

X (4)

H-si-<\^-si-H + 2 MgCl + 2 MgBr
i

XX

CH3 CH3

CH, , . CH,
,3f=\ i 3

H-Si-(v /)-Si-H + 2 C2H5OH *

CH3 CH3" W-Si i-OC3H5 + 2 H2

CH3 CH3

VIII

f3/=V <?H3

C2H50-Si-K ^-Si-OCjHj + 2 NaOH

CH3 CH3

S3y=v f?H3/=\ fH3

HO-Si-U /Vsi-OH + 2 C2H5ONa

CIf3 CH3

(5)

(6)

IV

compound into desired disilanol IV by reaction with NaOH/diethyl ether solution

in 58% yield. With respect to />-dibromobenzene, the total yield of this procedure

was about 21%.

In the first step of the procedure described herein (Reaction 4) we utilized

the Merker-Scott method in which diethyl ether was used as solvent instead of

tetrahydrofuran, and in which the order of additions of the reactants was reversed.

As it can be seen from the Experimental Section, this resulted in 74.9% yield

of compound XI, which was about 10% higher than the originally reported value,

probably because of better purification of dimethylchlorosilane reactant which

could have influenced minimization of the possible Grignard-type side reac

tions in this reaction system.
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Preparation of 4,4'-bis(dimtehylhydroxysilyl)phenyl ether (V)

4,4'-Bis(climethylhydroxysilyl)phenyl ether (V) was obtained by hydrolysis of

corresponding diethoxy compound (XII) (Reaction 9), which had been prepared

by the Wurtz reaction (Reaction 8) of dibromodiphenyl ether (XIII) and dimeth-

ylethoxychlorosilane (XIV) (Reactions 7—9).

I 3 ,3
C1-S1-C1 + C2H5OH ». C1-S1-0C2H5 +. HCl (7)

CH3 CH3

XIV

CH3

XIII XIV <8>

—»» C2HsO-Si-^~\o-^\si<C2H5 + 2 HaCl + 2 NaBr

CH3 — CHj

XII

C2H50-Sl^\0-^>Si-0C2Hs + 2N«0H 2—~

CH3 — — CHj

XII <9>

CH3 CH3

—♦ HO-SI-^^-O-^^-Sl-OH + 2 C2H5OHa
i V// V '/ l

v •

In the first step of this procedure, the reaction ofethanol with dimethyldichlo-

rosilane, originally described by Billow et a/.9 was used for preparation of dimethyl-

ethoxychlorosilane (XIV) intermediate. This reaction resulted in a mixture in

which the reaction product XIV was contaminated with both the unreacted dichlo-

rosilane and diethoxysilane, and from which it had to be isolated by fractionation,

which in turn had already been depicted in the literature as usually not very effec

tive, so that the yields were reported to significantly vary with the boiling tempera

ture range within which the fractions were collected. The apparent boiling point

of the pure dimethylethoxychlorosilane at atmospheric pressure was reported as

90°C, while the yields were as follows: 36% when a 8° boiling range was collect

ed, 50% when ArD was 12° and 67% when At* was 20° ».

Because of this, it was attempted in this work to carefully control the frac

tionation procedure by monitoring the purity of the collected fractions using gas

chromatography, and the results obtained by doing this are shown in Tables 1

and II, and in Fig. 1.



PREPARATION OF DIMETHYLHYDROXYSILYLBENZENE 579

TABLE I. First fractionation of the products from preparation of dimethylethoxychlorosilane

Fraction Boiling temperature, °C Weight, g

1 63—81

2 81—87 —

3 88—90 18.54

4 90—93 10.46

5 93—95 107.22

6 95 110.08

7 >95 8.40

TABLE II. Composition of the fractions isolated from the reaction mixture in the synthesis

of dimethylethoxychlorosilane1)

Fraction Compound A, % Compound B, % Compound C, %

1 62 38 0

2 44 56 0

3 37 63 0

4 22 78 0

5 8.8 89.5 1.7

6 0.6 97.5 1.9

7 0.2 78.7 21.1

») Identity of the fractions indicated here as A, B and C is as explained in the text.

Fig. 1. Fractionation of the reaction mix

ture from the separation of dimethyleth

oxychlorosilane; see Table I for identity

of the fractions indicated by the numbers.

EtOM

 

t

to

t
to

TIME •

These results indicated that the reaction mixture consisted of three main

components : A, B and C, of which compound A showed the same retention time
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as pure dimethyldichlorosilane; product B corresponded to the desired dimeth-

ylethoxychlorosilane (XIV) and was isolated as the main cut at 95°; and compound

C, the high boiling fraction, was most probably dimethyldiethoxysilane by-product.

It could also be seen from Fig. 1 that even the purest of the fractions still contained

some small amounts of compounds A and C (fraction 6 in Fig. 1), so that in order

to isolate pure dimethylethoxychlorosilane, Fractions 5 and 6 from this distilla

tion were combined together and fractionation was repeated once again. In this

second fractionation the main cut was again collected at 95°, to yield the total

of 1 17.2 g (53%) of the product, purity of which was confirmed by a single peak

in the chromatogram. It should be noted here that the original reference9 reported

a 17% lower yield, which may indicate that this difference in yieldes may have

been due to the slower addition of ethanol and longer reaction time allowed in

the present preparation.

The second step in the preparation of arylenedisilanol V, the synthesis of

4,4'-Wi(dimethylethoxysilyl)phenyl ether (XII) (Reaction 8), was performed ac

cording to the procedure which had originally been described by Breed et al.10 u,

to yield the composition of the resulting reaction mixture as shown in Table III.

TABLE III: Fractination of the reaction mixture resulting from preparation of 4,4'-6£j-

(dimethylethoxysilyl)phenyl ether

Fraction Boiling temperature,

°C at 20 Pa

Weight, g

1 >122 7.5

2 122—164 12.2

3 164—165 37.7

4 >165 3.8

Fraction 3 of this Table was 4,4'-Ws(dimethylethoxysilyl)phenyl ether as

shown by 1H NMR spectrum which contained the following peaks: Si—CH3

(singlet) at 8 = 0.30 ppm; -CH3 (triplet) at 8 = 1.13 ppm with J = 8 Hz; -CH2-

(quartet) at 8 = 3.65 ppm with 7 = 8 and J = 9 Hz and -C6H4- (two doublets)

at 8 = 7.10 ppm with J = 6 Hz and at 8 = 7.68 ppm with J = 6 Hz. The com

pound was obtained in 61% yield, which is 5% more than reported10. The dif

ference is probably due to the 16 hours longer reaction time allowed here.

EXPERIMENTAL

Preparation of I,4-bis(dimethylhydrogensilyT)benzene {XT)

Diethyl ether was refluxed for 12 h over sodium lamellae (approx. 5 mm in diameter)

and slowly distilled. This procedure was repeated once more before the solvent was finally ref

luxed and distilled from sodium and potassium. Magnesium turnings and Eastman p-dibromo-

benzene were used without further purification. Dimethylchlorosilane obtained from Aldrich

was distilled before use (B. P. 35°C).

A three-necked, one liter, round-bottomed flask was equipped with a mechanical stirrer,

dry-ice condenser and a dropping funnel. The entire apparatus was assembled hot from the

oven, thoroughly flamed under vacuum and flushed several times with prepurified nitrogen,

which was first passed through a system of columns containing H2SO4, KOH pellets, P2O5 and

molecular sieves (Linde type 3A, 1/16"). After the inert atmosphere was established, 36.5 g
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(1 .5 tnol) of Mg turnings was placed into the flask and heated under N2 for about 8 h. The appa

ratus was then allowed to slowly cool down to room temperature and 500 ml of dry Et2<I> were

charged. Under strong N2 purge the empty dropping funnel was removed and 177 g (0.75 mol)

of .p-dibromobenzene was added. Stirring was started and enough time was allowed for the di-

bromobenzene to dissolve. When dissolution was completed, another dropping funnel containing

212.5 g (2.25 mol) of dimethylchlorosilane was attached to the flask under the strong N2 purge.

The rate of addition of this silane compound was governed by the refluxing of the solvent from

the heat of reaction. The reaction products were refluxed for 1 h after addition was complete,

poured over crushed ice, washed with water and finally dried over Na2S04. The mixture was

stripped of the solvent and 109 g (74.9% yield) of l,4-i«(dimethylhydrogensilyl)benzene (XI)

isolated by vacuum distillation; (B. P. 60—61°/200 Pa).

Preparation of l,4-bis{dimethylhydroxysiIyl)benzene {IV)

A three-necked, one liter, round-bottomed flask was equipped with a mechanical stirrer,

dry-ice condenser and a dropping funnel. The apparatus was assembled while all the parts were

still hot from the oven and dried as in the preparation of compound XI. After the inert atmos

phere was established, 120 ml of abs. EtOH were added from a syringe and brought to a slow

reflux. To this 95 g (0.49 mol) of previously prepared l,4-feis(dimethylhydrogensilyl)benzene

CXI) were added dropwise. After evolution of H2 had ceased, the reaction products were poured

with constant stirring into a mixture of 57 g NaOH, 350 ml CHsOH and 40 ml H2O. To this

was added a solution of 57 g NaOH in 380 ml H2O. After standing for about 30 min, this mix

ture was poured with constant stirring into a solution of 505 g KH2PO4 in excess ice and water.

The precipitate which immediately formed was filtered and thoroughly washed with water until

neutral to litmus paper. The crude product was recrystallized from benzene giving a final yield

of 93 g (85%) of l,4-&ts(dimethylhydrox>'silyl)benzene (IV).

Purity of this compound was determined by elemental analysis, 1H NMR spectroscopy

and melting point. After recrystallization the compound showed a sharp melting point at 136—137°.

The XH NMR spectrum in deuterated DMSO contained the following peaks: Si—CHs (singlet)

at 8 = 0.25 ppm:— OH (singlet) at 8= 5.88 ppm; —CgH4 — (singlet) at 8 = 7.48 ppm, and

it is shown in Fig. 2. Elemental composition: Calcd. for CioHi80sSi2: C, 53.05%; H, 8.01%;

Si, 24.81%; Found: C, 51.99%; H, 8.24%; Si, 25.36%.

Fig. 2. *H NMR spectrum of

1 ,4-Wj(dimethylhydroxysilyl)-

benzene in deuterated dimethyl

suphoxide at 90 MHz.

 

Preparation of dimethylethoxychlorosilcme {XIV)

Ethanol was refluxed and distilled twice over Na metal, followed by another reflux and

distillation over Mg turnings activated by iodine. The fraction which boiled at 78 ± 0.1° was

collected under an inert atmosphere. Dimethyldichlorosilane from Aldrich Chem. Co. was puri

fied by distillation prior to use (B. P. 70°).

Anhydrous EtOH (55.2 g, 1.2 mol) was added dropwise to dimethyldichlorosilane (206 g,

1.6 mol). When the evolution of HC1 gas subsided, the mixture was heated at reflux for another

hour and distilled. The fractions separated are given in Table I and Fig. 1.
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А Уапап Ош СЬготасо8гарЬ, Мсх1е1 3700, \уаз шей ю ехагт'пе 1Ье пашге оГ (Ье соИесс-

ес1 ггасиопз. ТЬе апа1уз13 сошЬсюпз \уеге аз Го11о\У5: со1итп 3.0% ОУ 101 оп СЬготозогЪ

^Г-НР, со1итп сетрешиге 70° апё сопзсаш, 1П)ес1ог (етрегашге 120°, сагпег ваз Не, Пода

га(е 30 т! тт . ап<1 с1е(ессог (етрегашге 200°.

ТЬе ; 1 1 ЫМК зрессгит оГ (Ье ргосшсс оЬиипес! аГсег гереасес! Ггассюпасюп соташед

те {611о«ШС реакз: $1—СН» (зЬвкс) а! 8 = 0.25 ррт; —СН» (тр1ег) И 8 = 1.10 ррт \п(Ь

/ = 8 Нг; —СН»— (яиапе() ас 8 = 3.65 ррт \п(Ь / = 8 Нг аш1 /'= 9 Нг.

Ргерагагит о/ 4,4'-Ьи(<Нте1ку1е1кохуя1у1)ркепу1 пкег {XII)

А слуо-Нкг, сЬгее-пескес!, гоипё-Ьоиотес! Г1азк луаз сцшррЫ \укЬ а тесЬашса1 зиггег

а:л! а с1гу-1се сопскпзег. ТЬе аррагашз \уаз аззетЫес! Ьос Ггот сЬе о\еп. сЬгоирЫу Патес!

ипс1ег уасиит апс! ПизЬес1 зеуега1 (ипез «чсЬ Ш"у Ы». 1?СЬеп ап теп астозрЬеге «-аз асЫеуес!,

а пихсиге оГ 54.25 8 (0.165 то1) оГ Ьй0>-ЪготорЬепу1)егЬег, 50.06 8 (0.361 то1) ог" сИтесЬу1-

счЬохусЫогозИапе агк1 18.25 8 (0.79 то1) оГ ГгезЫу си( N8 1ате11ае т 700 т1 ос" Ес20 «аз сЬаге-

ес1 т(о (Не геасиоп Пазк. Мт шц \уаз зсапее! ат1 сЬе геасиоп гтхсиге \уаз а11о«ес! (о геПих

«сп! К Гог 40 Ь. Аз (Ье геассюп рго^геззес! (Ье гшхсиге сЬапесс! Ггот со1оиг1езз (о кгеу апс! Гта11у

ю с!агк-Ыие. ЧС'Неп (Ье геассюп \уаз Гт1зЬес! (Ье гшхгиге «аз П1(егес1 ит1ег теп астозрЬеге

сопсЬЧюпз апс1 (Ье I Пил с луаз чпррсЛ оГ (Ье зоГуепс. ТЬе гезШие \ч-аз Ггассюпасес1 Ьу \ ассит

ЛзсШасюп а( 20 Ра (о у]с1<1 (Ье ргос1ис( XII т 61% уМЛ. ТЬе Ггасиопз зерага(ес1 аге ^уеп

т ТаЫе III.

р]8- 3. Ш Ш1К зрес(гит оГ

4, 4'-б11(Лте(Ьу1Ьус1гоху511у1)

рЬепу! е(Ьег т сЗеисегасес!

 

сШпе(Ьу1 зи1рЬох!с1е а( 90 МНг. — б <ррш1

Ргерагсиюп о/ 4,4'-Ьи(<Ите1Иу1ку<1гохуя1уТ)ркепу1 егкег (V)

А зотсюп оГ 48 в оГ 4,4'-6й((1ипе(Ьу1е(Ьоху811у1)рЬепу1 есЬег (XII) т 100 т1 оГ аЬз.

Е(ОН «аз асЫео! с!тс^У1зе тсо а \\е11-8Ситес1 зошсюп оГ 19.4 8 °Г №ОН т 80 т1 ог* СНаОН

апс! 15 т1 НгО. АГгег 1 Ь (Ье гтхшге «-аз сгеагес! тосЬ а зошсюп оГ 19.4 8 ИаОН ш 80 т1

оГ\гасег аш1 а11о\уес! (о зсгг Гог апосЬег Ьоиг. ТЬе зошсюп \ии Шеп роигес! ш(о 126 8 °Г КН1РО4

сп'85о1уес! т 2 1 оГ ап 1се-\уасег т1х(иге апс! з(огес! оуегшвЫ. ТЬе сгузЫНгес! ргоДил уувз Н1-

(егес! оГГ, (ЬогоивЫу \уазЬе<1 \У1(Ь \уа(ег апд <1г1ес1 ипс1ег ге<1исе<1 ргеззиге. ТЬе сгайе та(епа1

текес! Ьепуееп 101 апс! 105°. 1( \уаз гесгуз(а1Ц2ес1 ("гот (о1иепе апс! с!пес1 ака1п (о 8^те 41 8

(85.4% у1е1с1) о(" (Ье \уги(е, сгуз(а1Нпе 4,4'-Аи(с1ипегЬу1Ьус1гоху311у1)рЬепу1ешег(У) ууЫсЬ текес!

ас 104—105 \ Е1етеп(а1 сотроз1Сюп : Са1сс1. Гог С1вН2гОа812: С, 60.34% ; Н, 6.96% ; 81, 17.63% ;

Роипс1: С, 60.44%; Н, 6.86%, 51, 17.11%.

ТЬе 'Н ЫМК зрессгит оЪсатес! 1п сЗеисегасес! ИМ80 сопса!пес1 (Ье ГоНотод реакз:

З1—СНз (511181614 ас 8 = 0.25 ррт; —ОН (5те1ес) ас 8 = 5.88 ррт; —СвН4— (ско йоиЫесз)

ас 8 ^ 7. 1 0 ррт \упЬ ] -- 6 Нг апс! ас 8 — 7.68 ррт \укЬ 7 = 6 Нг, ап<1 к 18 вЬхлт т Р18. 3.
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извод

ПОСТУПЦИ СИНТЕЗЕ 1,4-БЯС(ДИМЕТИЛХИДРОКСИСИЛИЛ)БЕНЗОЛА И

4, 4'-БИС (ДИМЕТИЛХИДРОКСИСИЛИЛ) ФЕНИЛ ЕТРА

ПЕТАР Р. ДВОРНИК и КОВЕКТ V. 1ЖХТ*

Секшор за йолимерне машери]<хле, Инсшишуш за хеми^у, шехнологщу и

мешалурги]у, Добршьска 11, 11000 Београд и

* Оераптем о/ Ро1утег Зсгепсе апЛ Еп%\пегпщ апА МмеггаЬ Кезеагск ЬаЬотаШу, 17пгьегШу

о/ МанасНшеш, Аткегя, Мои. 01003, 1/.З.А.

Испитани су поступци синтезе 1 , 4 -бис (диметилхидроксисилил)бензола и 4,4'-б«с(ди-

метилхидроксисилил)фенил етра. Доби)ени резултати су показали да се знача)на побшь-

шавьа до сада познатнх метода могу постиКи уво!)ен>ем извесннх модификаци)а метода опи-

саних у литератури. Ово се нарочито односи на степен чистоНе произвола и укупне приносе.

Применом описаних модификаци)а поступака могуЬе )е добитн ова )едшьен>а великог степена

чпстоЬе са приносима ко;и су 10—15% веНи од до сада познатих.

(Примлено 28. априла 1983)
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

В1ЛХЕТШ БЕ 1Л ЗОС1ЁТЁ СНШК21Ш ВЕОСКАБ48 (9) 585—292 (1983)

ОНОВ-947 1ЮС 678.744

Оп&гий зсгепн/гс рарег

КШЕТ1С5 ОР КАГЛСАЬ РОЬУМЕККАТЮЫ ОР АСКУЬОШТРЛЬЕ Ш

РКЕЗЕКСЕ ОР САБМШМ Б1ЕТНУЬЕКЕТК1АМШЕРЕНТААСЕТ1С

АСГО

УЮЬЕТА СЕРЩК08КА, ЮУАЫ УЕЫСКСШС* апс! СДЖО РЕТКОУ

Раси1гу о/ Тескпо1ову, {УягёегяГу о/ 8кор]е, УП-91000 8кор}е, апЛ *Раси1(у о/ ТескпоЬцу апд.

МеюИиг^у, 1/га'оегя'гу о/ Ве^гаЛе, Р.О.Вох 494, УО-ПОМ Ве&аЛе, Ущоз1ата

(Кесе1уе<1 13 1ипе 1983)

Тпе гасИса1 ро1утепгагюп оГ асгу1ошт1е ш ргезепсе о!" саскшит сиеглу1-

епегпаттеретаасегш асМ (СсШТРА) туезгщагес!. 1( ттаз Соипс1 г,па( (Ыз

сотр1ех саЫузез 1пе геасгюп, тсгеа$т§ 1пе геасгюп гаге, акегтв Ше огйег оГ

геасгюп т гезресг ю топотег, апс! Йесгеазте гпе асгхуасюп епег^у. Спапвез

ш то1еси1аг тсе^Ь^з чгеге а1зо оЬзепгеЛ. II 13 аззитес! гпаг гпе спапеез аге а гезик

оГ гпе сотр1ех1П8 о? ргипагу гасНсаЬ, СсШТРА ап<1 топотег. Бие 1о а сЬапее

ш геа«т1у оГгпе печг1у &гтед га&са1, гпе гагез оГ рогутепгагюп зсерз аге акегес!,

аГСесйпв гпиз гпе оуегаИ ктепсз.

ТЬе гасЬса1 ро1утепгагюп оГ асгу1отгп1е т зосИшп гЬойапМе (КаЗСЫ)

зошгюп 18 а сЬагп геасгюп согшзгиц* ог" гЬе е1етепгагу геасгюпз ипиаиоп,

ргора§агюп апс! сЬат гегггипагюп. ТЬе гаге сопзгатз о€ гЬе т(Ь\ас1иа1 геасгюпз

дераай сопзИегаЫу оп гЬе сЬетюа! пагиге ог" гЬе топотег апс! гЬе геасгюп

тесИит. Ке§и1ат.юп оГ гЬе ргора§агюп геасгюп 18 ог" игтозг ипроггапсе, Ьесаизе

гс тПиепсез гЬе оуегаИ гаге оГ роГутепгагюп, гЬе сопгЧдигагюп ог" гЬе тасго-

то1еси1ез, гЬе то!еси1аг \уе1§Ьгз апс1 гЬе то1еси1аг чуе1§Ьг (ЬзгпЪигюп.

ТЬе аскЬгюп ог" асШШуез го гЬе роГутепгагюп зузгет т гЬе югт ог" Ы-

ггагогз, тЫЬкогз, сотр1ехт§ ог сЬагп ггапзтег адепгз тау сЬап^е гЬезе сЬагас-

гепзисз, апё 1Ьиз а1зо т1"1иепсе гЬе ргорегГ1ез ог" гЬе Ста! ргосшсг. МосЬПсагюпз

ог" гЬе ро1утег12аГ10п зузгет 1п 1Ь13 гезрем ^еге гЬе оЬ)есг о^1 гЫз туезГ1§аГ10п.

А саЫуис е^Гесг оГ егЬукпШаттегеггаасегхс аас1 (ЕБТА) туаз оЬзегуей

1П гЬе соро1утег12а1:10п ох" асгу1опкг11е (А^ апс! У1пуНс1епесЫопс1е (УН)1; 1П

гЬе ргезепсе 0^0.01—0.14% ЕГ)ТА ш гЬе роГутепгайоп зузгет, гЬе сопуегз10п

1псгеазе(1 Ггот 25% (\у1гЬоиг гЬе аёдхгхуе) го 32% (шгЬ ЕБТА).

1п гЬе ро1утег12агюп ог" АЫ 1п а^иеоиз ИаЗСИ зо1иг1опз, т1г1аге(1 \у1гЬ

аго-&«-15оЪигуготгп1е (А1ВК), 1г \уаз оЬзегуес! гЬаг Ьаггит ап<1 са<1т1ит сЬе1агез

ог" ЕБТА2-4 у/еге сага1уг1са11у еГГесг1Уе т 1псгеаз1П5 гЬе сопуегз10п апо! гЬе

то1еси1аг «гех^Ьгз оГ гЬе ро1утег.

1п гЬе ргезепсе оГ НгЫит тггаге, НгЬ1ит сЫогхёе апс! гтс сЫог1<1е гЬе

гахе о4" гасИса1-ткагес1 ро1утег1гаг10пз оГ уту1 топотегз \уаз 1псгеазе<15 апй

ехркшеё Ьу сотр1ех Гогтаг10п Ьег\уееп АЫ апс1 гЬе за1г №Ь1сЬ сага1узе8 гЬе

ргорадагюп геасггоп. 1п гЬ18 соппесг1оп п \уаз аззитес! гЬаг гЬе сотркхтв а§ет

тсгеазез гЬе ргорадаг1оп гаге сопзгапг 1п гЬе зузгет ро1аг топотег/сотр1ех1пё

а^епг/ро1аг 8о1уепг.

585
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Ву цт1гагес1* апс! и1ггаую1ег зрсссгозсору7, ц ^аз езгаЪНзЬес! тЬаг сотр!ехгп§

о!" гпе топотегз еппапсез гЬе1г геасп\агу т геаспопз гасЦса1з. №1ГП е1естт

— рагата^пепс гезопапсе8 п \уаз езгаЬПзЬсс! гНаг ш топотегз шгп сагЬопу]

дгоирз гЬе сотр1ехш§ а^епгз, зисп аз А1С1з, А1Вгз ап<! 2пС1г> аге тоге 51гопр1у

аззоаасес! лу1гЬ гпе сагЬопу1 оГ гЬе гасИсаЬ тпап \у«п гпе сагЬопу1 дгоирз оГ гпе

топотегз ог ро1утегз.

1п ро1утел2а1юпз оГ т гпе ргезепсе ос! СсЦЮТА3 ап<! Сё-асегаге840

гпе те оГ ро1утеп2аиоп 18 тсгеазес! ш Ьогп сазез, йие го ап шсгеазе оГ Ьогп

кр апс! к, «гапвгег- II 13 аззитес! гпаг гпе асИшуе геастзмюгп рптагу гасИсаЬ апс!

топотегз, Гогття ап тгегрпазе сотр1ех ^Ысп 13 тоге геасиуе гпап гпе рп

тагу гасиса1з.

1п уапоиз риЬНсагюпз оп уту1 топотег ро1утеп2аиоп иииагес! \у1гЬ

Ггее гасИса1з ш гпе ргезепсе оГ уапоиз сотр1ехт^ адепгз, гпеге 18 по адгеетепг

аЬоиг гпе теспатзт 1ПУо1усс111_1в. 1п гЫз туези^аиоп гпе роктстапоп о!"

АЫ гп ациеоиз МаЗСМ 1птагес1 \упп А1ВЫ гп гпе ргезепсе оГ СсШТРА \уаз

згисНес!.

ЕХРЕММЕШ-АЬ

ТЬе ро1утспгапоп оГ АЫ т а^исои5 ЫаЗСЫ \*-аз регГогтед >отГЬ ГЬе ГоНотпв геасиоп

рагатссегх :

— топотег сопсепггайоп : 2.21, 2.65 апс! 3.10 (то1/с!т_'),

— ттлюг сопсепгшюп «аЛ гезрес! ю топотег: 0,15. 0.20, 0.25 апс! 0.30%,

— 1етрегагиге: 75° апс! 80'С,

— сшгагюп о( гЬе геасгюп: 25, 35, 45 апс! 55 тт.

ЗиЬмапсез: Асгу1опкп1е, Мегск, о{ 99% ришу «газ «газЬес! \Й1Ъ а 5% ЫаОН хо1ипоп

апс! сЬеп сизсШес! ассогсИпв го а те(Ьос1 дезспЬес! Ьу ВатГогс!5. ИаЗСК • 2НзО о( ТУе&жа,

РКО. АГВИ о{ 1пе иайе пате Оепкгоп тосз сгузЫНхес! тисе Ггот аЬз. егЬапо1 апс! слэтсе ггош

сЬегЬу1 есЬег. Т>ТРА, Р1ика, оГ 99% рипсу !ог сотр1ехоте№с рщрозез. Сс!-асеше, Со^СаНзОг

• НгО р. а., а ргоаисг оГ МаШпсгос!!, ША. Випе1пу1 ГогтатШс (ОМР), р. а. Мегск оГ

99.5% ригку апд а \уа1ег соп1ет Ье1о«' 0.1%.

ТЬе ро1утепгаиоп5 \меге сагпес1 ои1 аз !Ы1о«ч: ГЬе геасГюп т1ХШге оГ йеЛтсе сотрозь
11оп •л'аз рис 1пю 81азз гезс сиЬез \уЫсЬ \уеге с1озе^ ^11Ь а ^гоипс! {»1а53 зюррег ап<1 йшпепес!

Гог 8реаПе<1 11те 1П(епга1з 1ПСо а ргеазе1у сЬегтозисей \уасег ЬагЬ; гЬе геасТюп №аз ш1еггир1е<1

Ьу с!еер сооНпе апс! 1Ье сопуегхюп деСепшпей доуцпеглсаПу 1гот ргеар1Шес! ро1утег ш

сЬе Гогт о( П1т5°. А гергоЛшлЬПку \У1СЬш 1ши1з оГ ± 1% ««5 оЬзегуе4. А Ыапк \псЬоис
апу а(1с^^[^V•е \\аз гип еуегу 11те.

ТЬе гасе о{ ро1утег1га110п «'аз с1е1егт1пеЛ ассогЛт§ ю Гпе те1Ьос! о!" 1шгаа1 га1ез17-

ТЬе огегаП ас11\ амоп епег^у са1си1а1ес! Ггот 1Ье Ш1(1а1 га1ез 1П 1Ье изиа1 чгау гегегз Го ГЬе Гет-
регасиге ш(егуа1 Ггот 70—80СС. ТЬе то1аг таззез оГ ро1уасгу1от1п1е (РАЙ) *еге йеГегтшес!

Ьу Мф1 5саС1ег1пе теазигетепся оп а Впсе РЬоешх Р^са 42000 дет1Ь а Не-Ые 1азег оГ 3 МХХ'

реак роиег ас а \\а\е !спесЬ оГ 63.2- Ю-8 т.

КЕЗШ^ТЗ АЫЭ В15Си53ЮК

1п гпе гпсотропепг зузгет АМ — ЫаЗСК — ШО а11 сотропепгз аге

т 5СГОП8 ти1иа1 1Ш:егасс1оп \уЫсЬ 1еас1з го гЬе гх)гта110п о!" сотр1ехезапёто1ес-

и1аг сотроипск. АЫ апс! КаЗСЫ Гогт а 7г-сотр1ех Ьу У1гше о!* гЬе с!оиЫе

Ьопс!; \уип %уагсг токсикз Нуйго^еп Ьопйз Ъе*\уееп опе Ьуссгоху! апс! гЬе ш-
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1го§еп агот оГ асгу1опкп1е. ТЫз зузгет сап Ье У1зиа112ес1 аз ап ипзГаЫе тагпх

ш \уЫсЬ а11 асгуюшггПе то1еси1ез аге опетес! го\уагс1 гЬе гЬос!атс1е юпз т

а зреаПс \уау. ТЫз опептаиоп тсшсез а газг. ро1утеп2аиоп3 ратси1аг1у # соп-

сИиопз ехгзг гог гЬе опепшюп ог" гЬоскпШе юпз. 8исЬ сопсИиопз ех1зг ш гЬе

зузгет тс1еес1 <1ие го гЬе опетаиоп о!" АК то1еси1ез ш ге1агюп го Ыа+ \упЬ

а соогсЦпаиоп питЬег 6. ТЬе ргезепсе о!" тосЫуич; а§епгз сап гевигс ш аскИ1юпа1

тгегасйопз Ьетееп гЬе геаст.апгз, а Гасг геГ1есге<1 ЬотЬ оп гЬе геасиоп ктеисз

апс! т.пе РАК ргорегиез.

ТЬе егТесг о? СсШТРА оп гЬе йе^гее оГ сопуегзюп \уаз зшсИес! Ьу ро1у-

тепгтд а зузгет о? гЬе Го11о\ут§ сотрозтоп: 12% АЫ, 38% ЫаЗСЫ, 0.2%

А1ВЫ, 50% НгО ап4 0.2-4.0 ррт Сс1 (аз СсШТРА) а* 75° апё рН = 5.5. ТЬе

гезикз аге ргезепгес! т ТаЫе I.

ТАВЬЕ I. ТЬе йерепйепсе оГ гЬе сопуегзюп оп Гпе ОШТРА сопсепггасюп. д — йе^гее

оГ сопуегзюп (%), Ад — тсгеазе Н д гекНуе со гпе Ыапк $атр1е (%).

Кеасиоп пте (гшп)

Зузгет 25 35 45 55

Я А? Я д? Я д? Я Ад

Ыапк 19.5 _ 31.9 _ 41.7 _ 47.2  

0.2 ррт

0.4

са 21.2 8.7 36.2 13.5 41.7 — 45.9 —

25.4 30.5 38.6 21.0 47.1 13.0 49.9 5.7

1.0 26.7 37.0 38.8 15.5 48.8 17.0 51.9 10.0

2.0 24.9 27.7 37.7 17.5 48.9 17.0 51.8 10.0

4.0 26.2 34.5 39.6 24.1 45.5 9.2 56.2 20.7

ТЬе тсгеазс т сопуегзюп саизес! Ьу гЬе асЫтоп оГ СсШТРА с1ерепс1з

оп гЬе сопуегзюп ап<1 ехгепск ггот 9 го 30%. ТЬе тПиепсе оГ гЬе аскЬиуе т

зузгетз ауЬЬ уапаЫе сопсетгаиопз ог" топотег \уаз скгегттес! ш зузгетз

ог" гЬе гоПошпе сопсепггаиоп: 10-14% АЫ, 0.2% А1ВЫ, 52-48% НгО апс!

0.1 ррт Сё. (ш гЬе гогт оГ СсШТРА) аг 75 апс! 85° аг рН = 5.5 ТЬе

гезиЬз оЬгатес! аге ргезепгес! т ~Р'щ. 1.

ЗгтПаг гезикз чуеге оЬгатес! а! 85°. Ргот гЬе р1огз п сап Ье зееп

Лаг. гЬе асИШоп оГ гЬе айсШуе Ьаз а тоге ргопоипсес! егТесг аг юшег топотег

сопсепГгагюпз. Рог ехатр1е, аЙег 25 тт оГ геасГтд гЬе тсгеазе оГ гЬе соп

уегзюп аг 10% топотег сопсепггаиоп 15 38.9%, Ьиг юг а 14% сопс. ^ еяиа1з

го оп1у 10.6%. ТЬе зате рЬепотепоп \уаз а1зо оЬзегуес! юг огЬег геасиоп итез.

Аг 85° гЬе тсгеазе ог" гЬе сопуегзюп 13 \\гпЫтЬе Нпигз ог" 7 го 20°;,.

ТЬе тта1 гагез оГ роГутепгаиоп >уеге скгептипес! §гарЬ1са11у Ггот

гЬе г1те/сопуегз10п р1от.з Гог еуегу АЫ сопсепгга110п апс! ЬогЬ гетрегашгсз.

ТЬе гезикз аге ргезетес! 1п ТаЫе II. ТЬе гезикз тсИсаГО а сопз1с1егаЫе т-

сгеазе о! гЬе ро1утег1га1:юп гаге т гЬе ргезепсе о!" СсШТРА. №ЬЬ Ы§Ьсг топо

тег сопсепггагюпз ЫдЬег гагез аге оЫатес), Ьш гЬе сопсЬг10п5 аге а1зо Сауоиг-

аЫе Гог спаю Ггапзюг геасгюпз то Гаке р1асс18.
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ТАВЬЕ II. 1тпа1 тез оГ рЫутепгапоп а( 75 япй 85°С

Мопотег сопсешгапоп Уы (то1 <1т"3

(.%) (то1/<1т-») 75'
85 а

10 2.21 0.66 1.56

10 4- Сй 2.21 0.90 2.76

12 2.65 1.44 3.24

12 + Сй 2.65 1.80 4.56

14 3.09 1.80 3.96

14 + Сй 3.09 2.40 5.76

 

55 65

Т1МЕ [тт]

Р18. I. ТЬе шПиепсе о<1 С<ЮТРА оп 1ле

сопуег810п аг сИГГегеш топотег сопсетгаиопз

а1 75°. 1 (Ю% АЫ), 2 (12% АЫ), 3 (14% АЛ)

1, 2, 3 \У1!Ьош асШМуе, Г, 2', 3' иип аоМипе.

г о|

■6

12

08

04

 

~го 55
м! ' то1 •агг ' •

2. ТНе а"ереп4епсе оГ(К/АГ)2

У8. [ЛЯ а! 75", (О) ро1утег!2апоп

\*гйпоШ асИт\е, (Д) ш г.пе ргезеп-

се оГ ОШТГА

ТЬе огёег оГ гпе геаспоп т гезресг. го 1пе топотег апй 1пе гаге сопзгапг/С

01" гЬе геасгюп \уеге (1егегттса Ггот доиЫе 1о§апгпггис р1ог.$ ап<1 аге ргезепгес!

т ТаЫе III.

ТАВЬЕ III. Огс1сге оС 1пе геаспоп (я) т гевресг ю топотег ап<1 те соп$1ап1я

(йт3 то1-1 а-1)

75° 85°

КеасСюп 1етрегашге п К п К

Кеасиоп \п(пои1 СсШТРЛ 1.50 0.944 1.50 2.138

Ксаспоп иип СсГОТРА 1.86 1.750 2.10 2.265

1п тпе ПгегаШге гЬеге аге тапу о*ага аЪоиг. дсухайщ геаспоп огйегз ш

гезресс со гЬе топотег18-21. А с!е\'1аип§; геасгюп огёег икНсагез рагиараиоп

о!' гпе топотег т уапоиз е1степ!агу ро1утеп2агюп геасиопз. 1п огёег ю т-

уезпдаге гЫз рпепотпепоп, гпе йерепёепсе о! (К/Л1)2 У8. [М] \уаз гезгеё шг а
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зуз^ет оГ 38% N35»*, 0.2% А1ВЫ, 52-14% Н20 апс1 10-14% АЫ, тоЛот

апс! шгЬ 1 ррт Сё (ОЮТРА) аг 75 апс! 85°. ТЬе гезикз аге ргезепгес! т Пд. 2.

Тактд Ьпо сопзИегаиоп гЬе ге1апоп

апс! *Ье р1ог ог" Пд. 2 к сап Ье зееп тЬаг (Р7[ЛГ))2 с!ерепс15 оп гЬе сопсеп-

тгаиоп о{ топотег. ТЫз скрепскпсе 15 тоге ргопоипсес! т *Ье ргезепсе о!"

СсШТРА, тсисаггпд тпа* гЬе топотег такез рагг т зеуега1 геасиопз. Опе оС

гЬезе 15 гЬе сЬагп ггапз!ег геасиоп.

А пихтге ог" ГоИотапд сотрозтоп: 14% АЫ, 2.0-0.2% А1В1Ч, 38%

КаЗСЫ апс! 48% НгО \газ ро1утеп2ес! аг 75° ш гЬе соигзе ог" 25 ттигез апс!

гЬе гезикз, ргезепгес! т ТаЫе IV, тсИсаге гЬас гЬе то1еси1аг туегдЬсз оГ РАЫ

аге 1олуег гЬап гог *Ье Ыапк гип «гкпоит. апу аскЬиуе.

ТАВЬЕ IV. ТЬе дерепйепсе оГ сопуегеюп ап<1 то1еси1аг и-е^Ьи оГ 1Ье ро!утег оп шШасог

сопсетга1юп.

А1ВЫ сопс. Сопуегеюп (%) Мо1еси1аг тдеЫ, М„

%) т(пои( \укЬ улиЬои! «аЛ аскипуе

2.0

1.6

1.0

0.6

0.2

63.2

57.5

44.5

34.1

22.7

69.8

63.4

50.0

37.8

25.1

144,500

300,800

630,000

1,053,000

1,304,000

134,700

246,500

460,000

650,000

831,500

ТЬе ГоПотпд асглуаиоп епегд1ез чуеге са1си1аге<1:

Ро1утеп2аиоп луЬЬош аскииуе Е& = 84.5 х 103 ] то1-1

Ро1утег12аГ1оп шгп асЫтуе Е& = 68.0 х 103 ) то1-1.

А зузгет оГ гпе ГоИо^тд сотрозтоп: 38% Ыа8С1\Т, 52% НгО апс! 0.2%

А1ВЫ \уаз рогутепгеа" ас 70, 75 апс! 80°. ТЬе гезикз !ог уапоиз геасиоп репоск

аге ргезепгес! т Р1д. 3.

Ргот Пд. 3 к 18 еу1с!еп1: гЬаг гЬе гетрегатге 15 ап тгропат !асгог

оГ гЬе геасиоп апс! кз 1пПиепсе 18 \укЫп гЬе ехресгес! Иткз.

 

р!8- 3. ТЬе (Зерегикпсе оГ сопуегеюп Р^. 4. ТЬе Йерепйепсе оГ 1Ье сопуегеюп

оп ро1утепга1юп 1етрегашге оп шШа(ог сопсетшюп (о) Ыапк,

(•) 0.2 ррт, (Д) 0.4 ррт, (,□) 1 ррт

С(ЮТРА
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ТЬе ргезепсе оГ ОШТРА т гЬе ро1утегг2апоп зузгет сап гпПиепсе гЬе

иппагог т гЬе Го11о\угп§ \гауз: го еппапсе кз аесотрозкшп, го Гогт сотр1ехез

\укЬ гЬе штагог оГ акегес! геасиутез апа ю геасг аз ап тЫЪког аесгеазггщ

1С8 еШаепсу. То туези^аге из тПиепсе а зузгет сопз13ггп{* оГ 12% АК,

0.15-0.30% А1ВК, 30% Ка5СК ап<1 50% НгО \уаз ро1утепгеа Гог 25 тш

аг 75°. ТЬе гезикз ргезепгеа т Т'щ. 4 ккЬсаге гЬаг гЬе шсгеазе оГ сот'егзюп

т гЬе ргезепсе оГ СсЮТРА ш гЬе тусзг^атеа сопсепггаиоп гап^е атогштз

го 20-30%.

ТЬе Гоноши^ гаге сопзгатз апа геасиоп огс1ег8 т гезресг го гЬе иитгог

чгеге оогагпеа:

Кеаспоп шгЬоит СсЮТРА, я = 1.3, К = 2.85 х 10-» (от3 то^-1)

Кеасйоп шкЬ СсЮТРА п = 1.1,К = 2.92 х Ю-*(с1т3 ток^-1).

ТЬе уа1ие оГ п аеу1агез сопз1с1егаЫу Ггот гЬе гЬеогеиса1 уа1ие оГ 0.5 Гог

уту1 ро1утег12аГ10П822_2в, с1ие го гЬе рагиараиоп оГ гЬе иииагог т зИе геас-

иопз. А зцдиПсат ехатрк 13 гЬе геасиоп оГ гЬе Ыиагог гасУса1 \укЬ тЬе -СК

уту1 сЬат зиЬзигиет27

^сн. ^снг ^сн2 /Сн2 ^

в* + сн,—сн Чн "сн^— снг—сн "сн ~сн

III II!

см см см " -СЧМ/С^/ЧМ.

1еас1ш8 (о парЬгЬшаепе зггисгигез \уЫсЬ аге гезропз1Ые Гог гпе со1оиг-

аиоп оГ тЬе ро1угпег3. Ассогагпв ю огЬег аигЬогз гЬе ро1утеп2аиоп оГ -СК

т гЬе ро1утег тау 1еа<1 го тЬе Гогтаиоп оГ 1тше апа епаткюпкпк зггисгигез19,

\уЫсЬ теапз гЬаг ш гЬе зузгет гасНса1з оГ (ЬТГепп^ геасиуку ап<1 ро1апгу

аге ргезет апс! гЬегеГоге зеуега1 гегтшапоп тесЬатзтз аге ро$$1Ые. 1п тЬе

ргезепсе оГ тЬе тосиГугп^ а^епг гЬе огасг оГ гЬе геасиоп т гезресг го тЬе

кгШаГог 18 1о\уег, апа к 13 гЬегеГоге соггесг го аззите гЬаг ш гЫз сазе тЬе

ехгепг оГ з^ае геасиопз уЛтЬ гЬе -СК ртоир 13 сИт1П1зЬес1.

У15созиу (1е1:егт1па110П5 сагг1ес1 от ш огёег го (1еге1т1пе гЬе ехсет оГ

ЬгапсЬшд оГ гЬе ро1утег28 ко" Гог РАК оЪшпес- т гЬе ргезепсе оГ ОШТРА

го а ЬгапсЬт^; рагатегег оГ 1, ^Vп^1е РАК оЬга1пед ш тЬе аЬзепсе оГ гЬе шосЬ-

Гу1п5 а^епг Ьаз а ЬгапсЫп§ рагатегег Гаг Ье1о\у опе. ТЬ18 шсЬсагез тЬаг СсЮТРА

с1ергез$ес1 го а сегсаш ехгепг гЬе сЬат ггапзГег геасиоп то гЬе ро1угпег.

Такш§ 1псо сопз1с1ега11оп а11 гЬе гезикз Ггот гЬе ехрег1тета1 рагт оГ тЬе

гпуез112аГ1оп, аз \уе11 аз гЬозе Ггот гЬе Нгегагигс геГеггт^ го гЬе го1е оГсот-

ркхез т гЬе АК ро1утсг12аг1оп, 1Г 15 геазопаЫе го ргорозе гЬе Гогтаиоп оГ

а сотркх сопз131т8 оГ гЬе рптагу гас11са1, тосИГутр адет аг.а топотег:

К- Ь СсЮТРА ^ [К- СсЮТРА1

[К' СаЭТРА] + СН2=СНСК ->[К СаОТРА СН2=СНСК]

\уЫсЬ 15 тоге геасг1уе т гЬе гсасгюп оГ ро1утег12аГ10п апа ГауоигаЫе Гог гЬе

ог1епгаГ10п оГ топотег токсикз; тЫз 15 геГксгса 1П а аесгеаве оГсЬа1п Ггап51ег

го ро1утсг апс1 ап 1псгеазе оГ сЬа1п ггапзГег го топотег. ТЬ1з ехрестаГ10п тл'аз

сопПгтес! ехрег1тепга11у28, аз ргезепгеа т ТаЫе V, Ггот гаге сопзгат ге1аТ10пз
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ат 75°. ТЬе сопзедиепсе о!" гпезе скап^ез апТесгз а11 81§пШсапг геасгюп рагатегегз

зисЬ аз сопуегзюп, то1еси1аг \уе1§пт.8, то1еси1аг \уе1^Ьг сизтЪшюпз, апй гЬе

ро1утег зггисгиге.

ТАВЬЕ V. Каге сопзсаги ге1аиоп$ &>г гЬе ро1утеп2а1юп оГ АЫ а1 75°

КеаЛюп *1г,м/Ар

(ат-3 то1

№ипои1: СсЮТРА 1.07 х ю-2 1.97 х 10-*

СсЮТРА 0.27 х 10-* 1.95 х 10-«

соысышсш

Ассогс1тд (о т.Ье еуЫепсе ргезетей, СсШТРА 18 а изеп11 айсИг^е т гЬе

ро1утпеп2апоп оГ АЫ. Уегу зта11 сопсепггаиопз оГ тЫз аск1туе тсгеазе гпе

сопуегзюп ир № 30% ап<1 епаЫе 1пе геди1а1юп о?то1еси1аг \уе1{ф*з т а Ъгоад.

тегуа!; 1Г 15 гпегеюге оС &геат. тгегез* йэг тсктпа! аррНсагюп.

ИЗВОД

КИНЕТИКА РАДИКАЛСКЕ ПОЛИМЕРИЗАЦЩЕ АКРИЛОНИТРИЛА У

ПРИСУСТВУ КАДМЩУМ-ДИЕТИЛЕНТРИАМИН-ПЕНТАСИРЪЕТНЕ КИСЕЛИНЕ

ВИОЛЕТА чепущоска, юван ВЕЛИЧКОВИЪ и ъуро петров

Технички Факулшеш, Ской}е и Технолошко-мешалуршки факулшеш, Београд

Испнтивана )е кинетика радикалске полимеризаци>е акрилонитрила у воденом раст

вору натри;умроданида у присуству Сс1 комплекса диетилентриамин-пентасирКетне киселине.

Наг)ено )е да ова) комплекс катализира полимеризаци)у. У присуству СсШТРА, повеЬава

се брзина реакци)е, мегьа се ред реакци)е у односу на мономер и сман>у)е активациона енер-

ги)а. Молекуларна маса полимера тако!)е се мела због присуства модификатора. Прет-

поставл>а се да су ове промене резултат стваран>а комплекса измену примарних радикала,

додатка и мономера ко)и има различиту реактивност, због чега се меаа)у брзине реакци^е

по)единих фаза полимеризаци)е.

(Примл.ено 13. )уна 1983)
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A relatively easy method for the calculation of the theoretically possible total

number of structural isomers (iV,) for the hydroxylated flavylium chromophoric

system (Structure III) is described. The general chemical formula representing the

whole family of flavylium salts, proposed by one of the authors9, has the form:

[CisHn_nO(OH)n]X. Taking the self-evident assumption (2) derived from that for

mula, one comes to the final mathematical formula (3), where the value Nn is easily

evaluated by the use of Tables II and III (AT,- being in Table I).

The phenomenon of chemical isomerism in different classes of chemical

compounds originates, as is well known, from various causes. In the case of basic

organic compounds the homologous series of saturated hydrocarbons (paraffins)

with the general formula CnH2«+2> the process of isomerization results from the

ramification of the normal hydrocarbon chain in which two primary C-atoms

always exist. Tertiary and quarternary C-atoms are necessarily the result of such

an isomerization by ramification of the whole molecular chain.

The efforts of earlier organic chemists and mathematicians to find a suit

able general analytical formula, expressing (for the case of paraffin isomerism)

the total number of possible isomers (Af<) in the following form:

N( = f («) (1)

were unsuccessful1 for a long time. The determination even for only the first

ten members of the homologous series encountered great difficulties in mathe

matical formulation. Later research however, lead to a special procedure which

has permitted, without giving a general solution for (1), the calculation of

Ni even for higher members of this series.

Among the numerous papers dealing with the problem of calculating the

number of possible isomers for various classes of compounds, the most widely

used mathematical approach was inaugurated by the English mathematician E. Cay-

ley (1875) in his paper „On the Analytical Forms Called Trees, etc."2.

Prof. Sima Lozanic one of the founders of scientific chemistry in Serbia,

was from the beginning, among the many authors treating this problem3. But

more clear insight of this problem was well summarized by M. Trautz (1924)

in his statement4: „Die Zahl der Isomeven fur einen gegebenen Fall zu berech

593
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nen ist eine Permutationsaufgabe, die jedoch wegen der raumlichen Bedingungen

keine allgemeine Losung zulasst"*. As well known, Henze and Blair5 have given

an appropriate particular solution in calculating the number of isomers for all

the most important aliphatic hydrocarbons.

In this paper we are dealing with isomerism in the analogous series of basic,

hydroxylated flavylium salts for which a general chemical formula has been pro

posed6 in the following form:

Ci2Hii-nO(OH)»X. (I)

This type of formula is different from the general formula of the homologous

paraffin series, more resembling the case of allternant polycyclic hydrocarbons

corresponding to the formula:

C4>i+2H2n+4. (II)

A very important difference between the mentioned classes of compounds lies

in the fact that the compounds with the general formula (II) may have at least

theoretically, an extension of the series in indefinitum. Even an exten

sion ininfinitum is also possible (n-»-co), whereas the compounds with the general

formula (I) unavoidably have a chemically self-limiting condition:

Hn-» = (OH)„, that is for n = 0, Hn (2)

This may be better understood by conventionally representing the structure of

the unsubstituted flavylium skeleton (OH)„ = 0 (Cf. Structure III).

 

(Ill)

As one can see, in the case of the series of unhydroxilated flavylium salts,

there exists a maximum of eleven H-atoms which can be, theoretically, one by

one, substituted by an hydroxyl. Structure (III) gives the positions of all the

C-atoms of the chromophoric structure.

Neglecting, for the moment, the possible increase of the number of isomers

produced by other factors, one could start here from the afore mentioned essen

tial limiting condition (2) important for our further reasoning. Starting from these

limiting conditions (« = 0 and n = 11), the finding of the possible number of

isomers for the flavylium structure appears quite possible by the application of

the classical permutation procedure. Table I shows the possible number of iso

mers Nn for the various values of n (n = 0 till n = 11) of the individual anal

ogous flavylium series. From the other side, the total number of possible isomers,

Ni, for the hydroxylated flavylium salts results from the following formula:

Nt=ylNn (3)

« o

* „To calculate the number of isomers for a given case represents a problem from the

domain of mathematical permutations but without the possibility of having a general solution,

because of spatial conditions".
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»

This formula provides a relatively easy way of determination of the theoretically

possible total number for the all flavylium isomers, 2V< = 2048, as may be seen

from Table I.

TABLE I. The theoretically possible number of isomers in various classes (Mi) as found

by a combination procedure with three isomeric types („C", „A", „B") (Cf. Tables II

and III).

— The relation between the number (n) of hydroxylated isomers classes, and the partial

number of isomers (M») therein.

n Nn

0 1

1 11

55

3 165

4 330

5 462

6 462

7 330

8 165

9 55

10 11

11 1

*=■ II

The total number of isomers Ni=£Nn = 2048

n=0

The characteristic feature for the varying of the values Nn in Table I is

their symmetric behaviour expressed though the equal numbers of the isomers

(NB): the pairs of the values n = 0 and n = 11, n = 1 and n = 10 etc., as well

as for the values n — 5 and n — 6 giving the same highest values for

Nn (Ms = iVe = 462), the particular meaning of which will be more empha

sized in the Discussion.

The procedure of finding the individual values (Nn) according to (3) giving

the total number ofisomers(iV<)(as cited in Table I), needs to define additionally some

new concepts. Firstly, one must well distinguish the theoretically possible type

of isomers generated on the structural components of the flavylium chromophore

(structure III): Y-pyrono-type, „C"; benzo-type, „A"; and phenylo-type, "B„

as shown in Table II. The intercombinations of these basic isomeric types,

symbolized according to the aforementioned nomenclature and taken together,

results in twelve classes of structural isomers. These classes are formed taking

into account its own degree of hydroxylation (ahydroxy-, monohydroxy-, . . . , un-

decahydroxy = flavylium chromophore), as can be seen in Table III. Then, our

procedure as summarized in relations (2) and (3), as well as and Tables I— III,

has to be understood not as a direct functional correlation according formula (1),

since the intermediary concept of Nn must additionally be defined through a

kind of chemical combinatoric rule, leading then to our formula (3).

The procedure here applied by us for the evaluation of the number of iso

mers using the chemical combinations was controlled and confirmed mathemati
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cally through the normal combinatorics i. e. by forming all the combinations for

n elements of the r classes without repetition.

TABLE II. The basic isomeric type („C", „A", „B") for the hydroxylated flavylium chro-

mophore [with the general formula CisHii-nO(OH)B] generating corresponding isomers.

„C" (v-pyrono)

Ci = (OH)! = 2 C, = (OH)i = 1

1. 3- 3,4-

2. 4- —

„A" (benzo)

Ax = (OH), = 4 At - (OH)s = 6 As = (OH)s = 4 A, = (OH)< = 1

1. 5- 5,6- 5,6,7- 5,6,7,8-

2. 6- 5,7- 5,6,8- —

3. 7- 5,8- 5,7,8- —

4. 8- 6,7- 6,7,8- —

5. — 6,8- — —

6. - 7,8- - —

„B" (phenylo)

B» = (OH)i = 5 B2 = (OH), = 10 B3 = (OH)» = 10 B4 = (OH)4 = 5 B„ = (OH), = 1

1. 2'- 2',3'- 2',3',4'- 2',3',4',5'- 2',3',4',5',6'-

2. y- 2',4'- 2',3',5'- 2',3',4',6'- —

3. 4'- 2',5'- 2',6',5'- 2',3',5',6'- —

4. 5'- 2',6'- 2',4',5'- 2',4',5',6'-

3',4',5',6'-

—

5. 6'- 3',4'- 2',4',6'- —

6. — 3',5'- 2',5',6'-
 —

7. — 3',6'- 3',4',5'- — —

8.
 

4',5'- 3',4',6'- ■— —

9. — 4',6'- 3',5',6'- — —

10. — 5',6'- 4',5',6'- — —

In order to give some example, we point out the case of the compound

7,4-dihydroxy-flavylium perchlorate, which we have studied on an earlier occasion7.

We must emphasize that its dihydroxylated flavylium chromophoric structure in

deed involves something more than 50 isomers (exactly fifty-five), theoretically

possible (Cf. here Table I). But, the species really studied - especially noted in

the 3rd line of Table I — corresponds to the dixhydroxylic class of flavylium deriv

atives from the benzo-phenylo-type isomers, i. e. the AjBi combination in

Table III.

DISCUSSION AND CONCLUSIONS

The quite good solution (here exposed) for the theoretically possible total

number of hydroxyl isomers (Nt) for the hydroxylated flavylium chromophoric

system [(structural formula III), as given by formula (3), and explained through
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TABLE III. Intercombinations of the basic isomeric types („C"; „A"; and „B") leading

to partial number of isomers (Nn) in various classes

Classes Nn

0. Ahydroxylic CoAoBo 1

1. Monohydroxylic 2Ci + 4An + 5Bi = 2 x 1 + 4 x 1 + 5 x 1 = 11

II. Dihydroxylic C2 + CiA! + CiB: + A2 + AiBi + B2 = 1 + 2 x 4 + 2 x 5 +

+ 4 X 5 + 10 = 55

III. Trihydroxylic CaAi + C2B1 + CiA2 + CiB2 + QA1B1 + A2B1 + AiB2 + A3 + B3 =

= 1x4+1x5 + 2x6 + 2x10 + 2x4x5 + 6x5 I- 4x 10 + 4+ 10 =165

IV. Tetrahydroxylic C2A2 + C2B2 + C1A3 + CiB8+ C2AiBi + |CiA2Bi| + CiAiB2 +

+ A3B1 + A2B2 + A1B3 + A4 + B4 = 1 x6+l xl0 + 2x 4 + 2 x 10 +

+ 1x4x5 + 2x6x5 + 2x4x 10 + 4x5 + 6x 10 + 4x 10 +1x5=330

V. Pentahydroxylic C^As + C2B3 + C1A4 + dB4 + C2A2Bi + C2AiB2 + C1A3B1 +

CiAaB2|+ CiAiBs + A4B1 + A8B2 + A2B3 + A1B4 + B5=1 x4+l x 10 f 2x

Xl + 2x5 + lx6x5 + lx4xl0 + 2x4x5 + 2x6xl0+2x4x

Xl0+lx5 + 4xl0 + 6xl0 + 4x5 + l= 462

VI. Hexahydroxylic C2A4 + QB4 + C2A2B2 + C^Bi + C»AiB3 + C1A4B1 +

+ CiAbBz + 1 CiA^] + C1A1B4 + CXBB+ A4Ba + AsBs + A2B4 + A1B5 =1x1+1x5 +

+ lx6x 10 +1x4x5 + 1x4x10 + 2x1x5 + 2x4x10 +

+ 2x6 x 10 + 2x4x5 + 2xl + lx 10 + 4x 10 + 6x5 + 4x1= 462

VII. Heptahydroxylic C^Bi + CzAsBji + Ci!AiB4 + QiAisBs + C2B5 + C1A4B2 +

+ CiA3B3 + CiA2B4 + C1A1B5+ A4B3 + A3B4 + A2B5 = 1x1x5+1x4x10 +

+ 1x4x5 + 1x6x10+1x1 + 2x1x10+2x4x10 + 2x6x5 +

+ 2x4x1 + 1x10 + 4x5 + 6x1= 330

VIII. Octahydroxylic C2AiB2 + QjAsBa + C2A2B4 + C2AtB5 + CiA4B3 + CiA3B4 +

CiA2B5 + A4B4 + A3B5 = lxlxlO+lx4xlO+lx6x5 + lx4xl+2x

+ 2xlx 10 + 2x4x5 + 2x6x1 + 1x5 + 4x1= 165

IX. Nonahydroxylic C^Bs + C2ASB4 + C2A2B5 + C1A4B4 + CiA3B5 + A4B6 =

= lxlx 10 +1x4x5 + 1x6x1+2x1x5 + 2x4x1 + 1x1= 55

X. Decahydroxylic C2A4B4 + C2A3B6 + CiA4Be =

= 1x1x5+1x4x1 + 2x1x1= 11

XI. Undecahydroxylic C1A4BC 1

Tables I, II, III] may be used — mutatis mutandis — for other types of

monovalent substituents, firstly e. g. for methylated and methoxylated deriv

atives which are not too rare among natural products. Of special interest may

also be the question of their real existence, abundance and their general distri

bution in nature.

It suffices to say, here and now, about the important question of a better

defining of the family of anthocyanidols and their abundance (in the form of

the corresponding anthocyanosides); that data as compiled by Robinson8 about

the most frequently found cyanosides and delphinosides are in good agreement
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with Ni numbers summarized in Tables I—III for Nn = 5, and 6, and showing

the maximal values for these members of the flavylium salts family.

Principal anthocyanidol representatives (Pelargonidol, Pg, Cyanidol, Cy, Delph-

inidol, Dp), found in nature (especially among some flowers) were marked in

Table III by framing their corresponding isomeric-type combinations.

It must be emphasized that the proposed nomenclature and terminology

in defining the isomeric types (pyrono-„C" ; benzo-„A"; phenylo-„P>")> and the

hydroxylatcd classes (ahydroxy-; monohydroxy-; undeca-hydroxy) give a

much better possibility not only for an exact cataloguing of these classes but

also for a more exact study of the theoretically possible and experimentally ob

tained individual members of the classes with various isomeric type combinations.

A complete Catalogue of all the theoretically possible isomers for the hydrox-

ylated flavylium chromophoric system (comprising some more than 80 (eighty)

typed pages) arranged according to the here proposed isomeric type notation,

but also respecting their hydroxylation classes is available on the request from

the authors.

H3BOA

nPOBJIEM H30MEPHJCKHX OHHOCA H BPOJA H30MEPA Y AHAJIOrHOJ

CEPHJH OJiABHJIHjyMCKHX COJIH

CJIOEOAAH M. PHCTHH H JEJIHCABETA M. EAPAHAU

Mncmuiuyiu 3a 0u3mKy xeMujy TlpupodHO-MauieMauiuHKOi (fkacyjriueuia, Eeotpad

OnucaHa je jejraa pejiaTHBHo npocra Merofla 3a H3patryHaBaH>e yKynHor 6poja TeopHjcKH

/woryhnx CTpyKTypmrx H30Mepa (2V;) 3a xHflpoKciuiOBaHH (pjiaBHJiHjyMCKH xpoi«o(J)opHH chctcm

(CTpyKTypa III). OnniTa xe.wnjcKa (popiwyna Koja npeacTaBJba nejry nopoflinry (pjiaBHJiHjyMCKHX

cojih, Kai<o je Ta (pop.wyjia npeflJiOJKeHa je/nraM ofl ayropa6 nwa oGjihk: [CisHn-nO (OH)«]X.

YcBajajyhH o™rjieflHo Baacehy xeMHjcKy noeraBKy (2), HSBefleHy H3 oBe dwpMyjie, aojia3H

ce ao KOHatmor MaTejwaTHMKor o6pacna (3), r/je ce Bpe/nrocTNn MOHte jiaKo eBajiyHpaiH Kopmn-

heiteM xa6jnma II h III (6yayhH r& je Ni HaBe/jeHO y Ta6jmqH I). Tpe6a HcrahH aa oBjje

npefljioH<eHa Ho.ueHKJiaTypa ti TepMimojiornja npmuiKOM fle(J)iiHHcaH>a n30MepHjciaix xunosa

(impoHo-„C"; 6eH30-„A"; dpeHHjio-„B")> Ka° H xHflpoKcmioBaHHx KJiaca (axHflpoKca-; moro-

xHflpoKCH-; . . . vHfleKaxH/ipoKCH-) npywajy MHoro 6oiby MoryhHocT He ca.wo 3a KaTajionoa-

intjy obhx KJiaca Hero h 3a er3aKTHHje npoyqaBaae TeopitjcKHx MoryhHx h eKcnepHiweHTajmo

floSHBemix HHflHBHflyajiHHX M.ianoBa obhx KJiaca ca pa3HHM KOM6HHaimjaMa H30MepajcKHX

ranoBa.

(npuMJbeHo 24. jyna 1983)

REFERENCES

1. F. Hermann, Ber. 13, 729 (1880)

2. A. Cayley, Phil. Mag. 67, 444 (1874); Rept. Brit. Assoc. Adv. Sciences 257 (1875)

3. S. M. Losanitch, Ber. 30, 1917 (1897)

4. M. Trautz, „Lchrbuch der Chemie", Walter de Gruyter & Co., Berlin, 1924, Bd. Ill

5. H. R. Henze, Ch. M. Blair, J. Am. Chern. Soc. 6, 157 (1934)

6. J. M. Baranac, Doctoral Thesis, Faculty of Science, University of Belgrade, 1973

7. S. M. Ristic, J. M. Baranac, N. S. Vukelic, D. C. Spiridonovic, Glasnik Hem. dniitva Beograd

43 , 401 (1978)

8. R. Robinson, Endeavour 1, 92 (1942).



TJIACHHK XEMHJCKOr flPYIUTBA EEOrPAJI

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD48 (9) 599—606 (1983)

GHDB-949 UDC 678.742:66.044.38

Origitud scientific paper

INFLUENCE OF ANTIOXIDANT TYPE ON THE PROPERTIES OF

POLYETHYLENE. THERMOOXIDATIVE STABILITY

OLGA S. GAL, LJILJANA R. NOVAKOVIC, VITOMIR M. MARKOVIC

The Boris Kidrif Institute of Nuclear Sciences, P. O. Box 522, YU-1 1001 Belgrade,

Yugoslavia

and

VIVIAN T. STANNETT

The North Carolina State University, Raleigh, N. C, USA

(Received 2 June 1983)

The dependence of the thermooxidative stability of a low density polyethylene
on the type of the antioxidants w as studied by isothermal thermogravimetry at 200CC.

Comparative values of the induction time relevant to the oxidation process, the

rate of antioxidation and the rate of polymer degradation in samples with different

" antioxidants reveal that the presence of chain-breaking hindered phenols and aro

matic amines delays degradation but does not affect its course. Peroxide destroyer

antioxidants (compounds containing sulphur) decelerate degradation processes. The

thermal stability of antioxidants is also important for the thermooxidative behaviour

of basic polymers. Thus, polyethylene samples stabilized with a hindered phenol

are thermally more resistant at 200°C and show a higher thermooxidative stability,

than those containing amine antioxidant.

When polyethylene formulations are prepared for radiation processing, the

question of optimum composition arises, and in this connection the proper choice

of antioxidant is of particular importance. Relatively limited amount of infor

mations can be found in the open literature on that subject. In our previous work1

we have investigated and compared the thermooxidative efficiency of several

types of antioxidants, AH, in polyethylene formulations at 200°C. The following

commercial antioxidants were used: (1) TOPANOL Ca, I. C. I. Ltd., a phenolic

type, denoted Aoxl; (2) Diaphen FF, Koch-Light Ltd., amine type, denoted

Aox2, and (3) PLASTANOX LTDP, American Cyanamid Co., containing

sulphur, denoted Aox3. The tirst two belong to the so-called „primary anitoxi-

dants" which decelerate the oxidative degradation, and the third is a „second-

ary antioxidant", a peroxide destroyer. The basic polymer was a low density

polyethylene without additives, Lotrene 0302, CdF Chimie.

The aim of the present paper is to analyse and compare quantitatively, using

a relative scale, some specific effects induced by antioxidants which influence

the thermooxidative stability of the polyethylene samples.* Our discussion of the

* Part of experimental results used here were presented at the 4 th International Meeting

on Radiation Processing, Dubrovnik, Oct. 4—8, 1982. See also ref. 1.
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data will also demonstrate the usefulness of the isothermal TGA technique and

its scope for the application.

The oxidative efficiency has been compared quantitatively using the isothermal TGA

technique at 200°C, under a flow of oxygen, as shown by the typical thermogram in Figure 1

(weight change against time). The three important parameters are obtained and interpreted:

(1) the induction time (denoted ti in Fig. 1), i. e. the time period of apparent inactivity with re

spect to weight change; (2) the rate constant of oxygen take-up, expressed in terms of the slope

of the steady-state region (denoted „OX" in the Fig. 1), and (3) the rate constant of degrada

tion (in Fig. 1 „Deg"), again as the slope of the steady-state region up to about 20% weight loss.

Isothermal TGA runs of that type have been obtained for pure polyethylene samples without

additives, as well as for PE formulations containing 0.1, 0.5 and 1.0 wt% of each antioxidant.

Both unirradiated samples and samples which were subjected to gamma radiation of Co-60,

under an atmosphere of argon, at room temperature, up to doses of 200 kGy (dose rate of

30 kGy per hour) were studied. All other experimental details are given in the previous

publication1.

Thermograms like the one reproduced in Fig. 1 are all obtained under iden

tical conditions (temperature, flow rate of oxygen etc.). They show clearly the

effects of different type of antioxidants on the thermooxidative degradation. These

EXPERIMENTAL

RESULTS AND DISCUSSION

 

001mg

0: 4 52 60 70 min

Fig. 1. Typical isothermal TG curves of

stabilized LPDE samples at 200"C, Oa

flow rate 40 ml min-';(a) 0.5%wt content

of TOPANOL CA, (b) 0.5%wt content

of Diaphen FF, (c) 0.5 %wt content of

PLASTANOX LTDP

 

time (mm)
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effects will be discussed in terms of the well-known mechanism2 which can be

summarized and simplified as follows:

1 . Initial formation of radicals, thermally, by radiation or by other means

RH -> R + H

(H- + RH -> R- + H2)

RH + 02 -> R• + H02-

AH + 02 -> A- + HCV

(HOb- + RH ->• R- + H2O2)

2. Radical chain reactions

(a) Without intervention by antioxidants

R- + 02 -> R02-

R(V + RH -> ROOH + R-

ROOH -> RO- + OH

RO ( OH) + 2RH -* 2R- + ROH(H20)

(b) With antioxidants

ROz- + AH -> ROOH + A- etc.

A- + RH -> R- + AH

3. Termination

(a) Without antioxidant intervention

2ROz- -9- ROOR + 02

ROz- + R- -> ROOR

2R- -* R - R

(b) With antioxidant involvement

A- + R02" -*■ Terminating stable species

2A- -> Terminating stable species

ROOH + AH (a peroxide destroyer) ->

Terminating stable species

(1)

(la)

(2)

(3a)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

where RH and AH are the polyethylene and antioxidant respectively.

The induction time ti (s. Fig. 1) is the time interval of primary free-

-radical formation according to eqs (1)— (3). In the next, propagation step, the

radicals take part in the oxidative chain reaction; if antioxidants are present chain-

-transfer occur (eqs 8—9). The character of the termination step depends on the

type of antioxidant: a primary antioxidant, e. g., the phenol or amine type,

produces radicals which interact with the oxyradicals of the polymer forming

stable products (eqs 13 — 14). In that way the degradation of the polymer is post
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poned unitl a minimum amount of unused antioxidant is present in the sample.

The corresponding time-interval is the induction time fi. When the antioxidant

content decreases below a creatin limit, a sudden increase of number of polymer

radicals occur; this next step corresponds to the oxygen take-up region of curves

in Fig. 1. The following step is then the unhindered degradation of the pol

ymer (region „Deg" in Fig. 1).

f T"

\ \\\ \□ \

\
\

/

1

7\ *»' Aox 2 V Aox 3 >

\

\

01 05 10 01 05 10 0.1 05
- V.w Aox

to

05

1C

Fig. 2. The induction time and the ratio of thermooxidative parameters

ured at given concentration of antioxidant to the values obtained for unstabilized

PE, for the three antioxidants used, unirradiated samples. O — induction

time (minutes), A — ratio (R) of oxidation rates, □ — ratio

of degradation rates

The primary antioxidants do not destroy peroxide radicals. However, per.

oxide radicals are destroyed by secondary antioxidants (eq. 15). This action starts

practically at the very beginning of the autoxidation: the secondary antioxidant,

by destroying peroxide radicals, diminishes the extent of degradation, but does

not postpone significantly the oxygen up-take by the polymer radicals. This effect

is reflected by a short induction time.

In Figs. 2a, b and c the three experimental parameters (rj, &oX> Adeg) are

compared for various antioxidants, on a relative scale, as the ratio of the para

meters when the antioxidant is present and absent in the sample.

Figures 2 a and b show that the presence of a primary antioxidant is ref

lected by a measurable induction time which increases with increasing antioxi

dant content. The phenolic antioxidant Aoxl causes a large induction time,

hence postpones efficiently the beginning of the degradation process. The effect

is somewhat smaller when an amine antioxidant is present. There is a decrease

of the rates of oxygen take-up when a primary antioxidant is added, while the

rate constant of degradation practically does not depend on the antioxidant —

this fact confirms that the antioxidant is spent in the reaction with oxyradicals

of the previous step.

The behaviour of the secondary antioxidant, Aox3, according to Fig. 2c

is also in agreement with the reaction scheme. This compound destroys the per

oxide radicals so that the latter are accumulated in a lesser degree, but the for

mation of polymer radicals is still sufficient to take up oxygen after a short ini

tial delay. The effect of the action is a very short induction period, only

slightly above that of pure polyethylene. However, the rate of oxygen take-up
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TABLE I. Thermooxidative parameters, h, kax and kteg of the radiation crosslinked LDPE

with (0.5 wt%) and without antioxidant as function of absorbed dose;TGA: 200°Cj Oz —

40 cm* min-1). (Dimensions: t\ in min, kox in 105 s_13 Ati<?e in 10' s_1)

Dose LDPE Aoxl Aox2 Aox3

kGy ti h feox h kox kaeg

O 0.2 7.2 3.1 60.8 6.9 20.0 5.0 3.5 2.5 4.0 0.2

8O 0.0
 — 38.0 4.6 2.8 15.0 4.5 3.1 0.8 3.6 0.6

165 0.0 7.3 2.7 18.2 2.7 2.5 3.0 4.1 2.9 0.0 3.9 0.4

200 0.0 — — 7.9 1.8 2.7 3.9 3.1 0.0 3.8 0.4

and the rate of degradation are greatly diminished with the increasing content

of Aox3. In contrast to a primary antioxidant which increases the induction time,

but has little or no influence upon the next two steps (i. e. oxygen take-up and

degradation), the main action of the secondary antioxidant is just in the region

of the latter two steps.

A similar thermooxidative behaviour is found with the irradiated samples

(Table I). The presence of primary antioxidants is manifested by a considerable

induction time, although somewhat shorter than in unirradiated samples. There

is practically no induction time in irradiated samples containing the secondary

antioxidant. The change of three parameters as a function of absorbed dose is

most probably due to radiation effects on antioxidants themselves either directly

or through reactions with free radicals formed in polymer martix. The second

type of reaction is evident from the significant reduction of the yield of crosslink-

ing in the presence of antioxidants as referred earlier8.

As shown above, the isothermal TG oxystability cuives for the formula

tions containing Aoxl or Aox2 primary antioxidant folllow a common pattern

of the oxidative degradation. However, the difference between their values of

induction time is striking. (The different behaviour of these two antioxidants is

even more evident if the induction time is expressed as a function of the equimolar

content of antioxidant; Afwt3(Aoxl) = 544.8 and Afwt,(Aox2) = 260.3). In order

to check and confirm the oxidation induction times derived from isothermal TG

curves (Fig. 1), we have made isothermal DSC measurements at 200° in

oxygen atmosphere. The two methods, i. e. TG and DSC, gave nearly iden

tical oxidative induction times for a specific sample, confiiming again that

the amine antioxidant is less effective at 200° (see Table II).

TABLE II. Oxidative induction time of formulations with Aoxl and Aox2 derived from

isothermal TG and isothermal DSC measurements. 0.5%wt content of Aox; 200°C;

Oa — 40 ml min-1

ti / min

Samples TGA DSC

LDPE 0.2  

Aoxl 60 56

Aox9 20 24

The Aox2 formulations have much shorter induction times, contrary to

the belief that an amine type of antioxidant is more effective than a phenolic
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one4. The opposite is quite evident in our case, even for the unirradiated material

so that the effect of irradiation cannot be the cause of such a reverse trend. We

believe that the main cause of the difference could be the temperature: 200

in our experiments compared to 135° in the work of Wiedenmann4.

--S^ purge 02 ^ purge 02

i \v

i \

1 \

1 Aox 2 \ \. 1 Aox 1

10V, j

weight

i,o-J| \

■ weigh! \

1.1: \
I

1 \ I i

i 135'C I

1

'3VC \

1 1 \

1 1 Vi

, 1

1 200*0

I, 5'C/min 1

200ti \

1 -5"C/min 1

— *C

Fig. 3. Thermal stability of pure antioxidants by dynamic TGA scanning method

Indeed, our dynamic thermogravimetric (DTG) data, Fig. 3, show that

Aox is thermally more stable than Aox2 in the temperature range 100 — 200°:

heating rate 10K*nm

A

— in nitrogen

---in oxygen

Pi

i *
Aox 2

KT. ...4ox1

Aox 2„.

\

\50 100 150V/ A°X '
200

T'C

Fig. 4. DSC curves of pure antioxidatns (a) in nitrogen and (b) in oxygen.
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at 200° the ratio of the rates of weight-loss of this specific amine over phenol

(C?aox = sample weight) is nearly two times higher than the corresponding

ratio at 135°. The fact that this ratio is of the same character in nitrogen

as in oxygen indicates that the loss is predominantly of the thermal type. The

thermal character of the changes in temperature range 100—200° is confirmed

by DSC measurement since no exothermic processes (Fig. 4) appear in that range.

Thus, the lower thermooxidative efficiency of the amine antioxidant Aox2

at 200° is caused mainly by its lesser thermal stability at that temperature. How

ever, the difference in the oxidative efficiencies of these two specific primary

antioxidants might be also due, at least partly, to their different radical scavenging

activities at these temperatures; with increasing temperature it seems that this

activity decreases in the case of the amine antioxidant5, whereas the phenolic

compound seems to be less sensitive to temperature in this respect. This conjec

ture should be further tested.
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VTHUAJ THIIA AHTHOKCHflAHTA HA OCOBHHE

riOJIHETHJIEHA. I. TEPMOOKCHflATHBHA CTAEHJIHOCT

OJirA C. TAJI, JbHJBAHA P. HOBAKOBHH, BHTOMHP M. MAPKOBHH H BHBHJAH T. CTAHET*

HHCtuuiuyui 3a ityKjieapne uayxe „Eopuc Kudpuu", u. up. 522,

11001 Eeoipad h *JJpMcasHu ymieep3uuieul Ceeepne KapoauHe, Poau, Cee. KapoAuna, C.A.ff.

HrjoTepMCKOM TepjworpaBHMeTpHjcKOM iweroflOM H3y*iaBaH je ynmaj THna aHraoKCHflaHaTa

Ha TepMOOKCHflaTHBHy craGHJiHocT nojiHenuieHa Ha 200°. VnopehHBaifee BpeflHocrH rowyKHHO-

Hor Bpe.tieHa, 6p3HHe Be3HBaH>a KHceoHHKa h 6p3HHe Aerpanainije y y3oprrnMa nojmeTmieHa

ca pa3KHM aHTHOKCH^aHTHMa noKa3yje fla npHcycTBO „3aKJioR>eHHx" (beHOJia, h apoiwaTCKHx

aMHHa, Kojn npeKHflajy jiaHaii peawnije, oflJia>Ke flerpaflairajy ajra npaicnrqHO He ynrqe Ha H>eH

nana tok. AHTHOKCHflaHTH KojH paanaxry cTBopeHe nepoKCHfle, Hnp. jeoKH>eH>a ca caApxcajeM

cyMnopa, ycnopaBajy npouece flerpaAauiije. Ha TepMooKCHflaraBHO noHaniaibe nojiHMepa HMa

yrHuaj h TepMajiHa cra6njiH0CT npHcyTHor aHTHOKCHflaHTa. TaKo, y3opirn nojnieTHJieHa CTa6Hjni-

caHH ca aHTHOKCHAaHTOM (beHOJTHor nina MMajy Behy TepMajmy ornopHocT Ha 200°, na noKa3yjy

Behy Tep.MOKCHflaTHBHy cTa6HjraocT oji y3opaxa kojh ca«p>Ke 3miihckh aHTHOKCHAairr.

 

H3BOS

(npHMA,eHo 2. jyra 1983)
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A simple empirical function for the calculation of the solvent effect on confor

mational equilibria is presented. The solvation energy depends on solute dipole and

quadrupole moments and on the solvent permittivity. It is applied to 35 compounds

including dihalides, haloketones and haloethers with good reproduction of experimen

tal results. The results for halodioxanes are improved compared to the calculations

based on the reaction field theory.

Solvent effects play an important and often dominant role in determining

molecular properties2. Numerous experiments3 have shown that the solvent effect

on conformational equilibria is often much more importantthean the intramolec

ular interactions. Therefore the solution values of. free energy AG can not be

used to evaluate intramolecular iactors determining conformational equilibria

without precise knowledge of the magnitudes of medium effects. Solvation affects

conformational equilibria even in non-polar molecules, but the effect is suffi

ciently small that it can be ignored in most cases4. In highly polar molecules,

however, the change of the medium or phase may considerably affect the rotational

equilibria indicating that the dependence of conformational energies on solvent

seems to be primarily a polar effect.

In principle the calculations of relative conformer energies in solutions

could be performed by quantum-mechanical methods but due to the great number

of orbitals which must be included and the mobility of solvent molecules these

calculations are currently impractical. The alternative approach is to use classical

calculations where only energies of dominant interactions in solution are calcu

lated. The two major methods2 may be defined as : a direct dipole-dipole method

and a reaction-field method which is based on the Onsager5 theory of dipole mole

cules in the condensed phase. Due to their simplicity and apparently good repro

duction of experimental data these two methods are often utilized in molecular

mechanics calculations2,6-10 for the prediction of conformational equilibria in

solution.

In the reaction field method2 the energy difference is considered to vary

with the solvent due to different electric fields of conformers in solution. In this

treatment the conformational free energy difference between the vapour phase

(AGV) and solution (AGB) is given by

AGv-AG" = foc/(e0-/x) + 3A*/eo (5-*) = DT+ QT (1)

607
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where DT and QT are dipole and quadrupole terms respectively, k is equal to

((x2a— |x2B)/a3, where [Xa and jab are molecular dipole moments of the con-

formers A and B, and a is the radius of the spherical cavity. The quan

tity h = Ha — Hb is defined by

i+i

h = (3/2a8) 2 [4m2« + 3 (my + m)t)2-4m{i m#] = (3/2a«) m2 (2)

where my = |iy etc. The (ix,(Xy,[iz, and x,v, z are components and coordi

nates of bond dipoles, eo is the permittivity inside the solute cavity, e is

a solvent permittivity and n is the solute refractive index, while x and / are

x = (e-e0)/(2e + e0) and / = 2(k2- l)/(n2 + 2).

Values of eo = 1 2,10 and eo = 1.5 6-9 were used in earlier calculations.

Although utilized successfully to reproduce conformational energies of or

ganic compounds2'8"9 in solvents of weak and medium polarity, failures were

observed for molecules of high dipole moments in dielectrics of high dielectric

constants9. These have been assigned to the simplifications in the Onsager for

mulation. Besides assumptions concerning the well-defined spherical shape cavity

with individual dipole and quadrupole located at the centre, the Onsager theory

makes assumption of a discontinous change of permittivity e at the cavity boundary

neglecting thus short-range electrical interactions across the boundary.

The theory was modified by Block and Walker11 who utilized continuously

varying dielectric constants. Inside the cavity (0 < r <; a) e(r) = 1 (or eo), outside

the cavity (r > a):

e(r) = eB exp(—*/r).

The quantity k was determined from the equality of permittivity at r = a. In

their treatment x, in eau. (1), would be given by

x = ± 3(e/e0)ln(e/e0) 6 l

2 [(e/ej 1 n (e/e0) - (e/ej + 1 1 n(e/e0)

However, when applied in our calculations of AG, this expresion did not provide

the results in satisfactory agreement with experimental results. The calculated

values were consistently lower. On the other hand it suffers from the same disad

vantage as the original Onsager theory. When e -> oo, x -> constant, although slow

er (the constant is 0.5 in the Onsager treatment and 1.5 in the Block and

Walker treatment), indicating that in highly polar solvents AG would be finite.

This is however contradictory to the experimental data obtained in the n.m.r.

investigation of coupling constants12.

The inverse exponential dependence of e(r) has been criticized13 for its

underestimation of nearby and midrange dielectric properties which is evident

from the fact that 95% of bulk dielectric constant is achived extraordinarily far

out, at about 45a (for e = 10) where a is a cavity radius. To overcome this

difficulty, Ehrenson13 suggested several other functions of e upon r which enable

a more rapid approach to the bulk permittivity sb- For instance the direct exponen

tial function

e(r) = sB-(eB-eo)2-<r-a>/2°
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or the function of the type

s(r) = eB + (eo-SB) (a/r)4.

However these functions are not compatible with the direct analytical solution

of the Laplace equation13. Therefore they are not suitable for standard use within

lie method of molecular dynamics.

Another approach was suggested by Abraham12 who considered direct in

teractions of solvent and solute dipoles and quadrupoles at distance r. The aver

age energy of such interactions, taking into account all solute-solvent orientations

and thermal motion of molecules, is given by the equation

[i. and Vm are solute dipole moment and molar volume, m is a function of the

solute quadrupole moment, 71 and R are general constants and T is temperature.

This energy is equal to a hew term, PT =—<Wy = PTa—PTbj which has

to be added to equ. (1). However the increase of PT with solvent dielectric con

stant is too fast by this equation. Abraham12 uses an equation where, in the ex

pression for g, [i.2 and m2 are replaced by ([Aa2— |*b2) and (wja2—wjb2), respectively.

This means that he is actually utilizing an empirical function.

Instead of utilizing one empirical term (PT), equ. (1) was replaced by a

simp'e empirical function which correctly predicts the shift of conformational

equilibria with solvent permittivity for the whole range of solvent polarities. The

logarithmic dependence of the reaction field parameter (2x) was obtained by

lilock and Walker11. Therefore tihs type of function was examined at first. It

is found that the function A [lnfc/eo)]1/2, with a correctly determined weighting

factor A (A = 0.23 for so = 1.5), properly reproduces the shape and values of

the reaction field parameter for small and medium values of e. The slope of the

function was, however, too sharp for the more polar solvents. In order to improve

the agreement with experimental values of AG a correcting function of the shape

[In3 (s/eo)]1/2 was added to give

Finally the simple two term expression was obtained for the conformational free

energy dependence on solution

where C is determined by solute properties and / is a function of the solvent

permittivity. The parameters k and h are defined in eqs (1) and (2). The weight

ing factor 0.44 in the quadrupole term (0.44 h) was determined from the experi

mental data for 1 ,4-dichlorocyclohexane, which has a dipole moment equal to 0.0 D

<Wy = -gf[l - ap(-gfll6RT)]

where / is a function of the solvent permittivity,

 

RESULTS AND DISCUSSION

/ = 0.23 [ln(e/s0)]1/2 + 0.03 [ln3(e/e0)]1/2.

A<?>- AGV = [k + 0.44 h)f = Cf,
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for both conformers and therefore k = 0. With the knowledge of [l and m, which

can be easily calculated2,8, and estimating a from the solute molar volume, this

equation enables calculation of the conformational free energy in a solvent of any

polarity.

Previously9 the AG, values for halides, haloketones and haloethers were

calculated utilizing Abraham's approach12, i. e. including PT for polar solvents.

The agreement with experimental values was good except for 5-halo-l,3-dioxanes

where deviations were noted in case of polar solvents. Therefore the empirical

function presented here was tested in order to verify whether the results for diox-

anes could be improved while retaining good interpretation of data for the other

compound?. The calculations were done for all the 35 compounds reported in

the previous paper9. Excluding dioxanes the calculated values of AG are essentially

the same as previously reported and therefore will not be reported here. Some

illustrative examples are presented in Fig. 1. The standard deviation in AG

is 1.0 kj mol'1 which is in a good agreement with the generally accepted experi

mental error of 0.8 kj mol-1 for this type of measurements. Calculated AG values

may be considered „very satisfactory" when within 0.4 kj mol-1 of the experi

mental, and „fairly good" when within 2 kj mol-1. For dioxanes the results

are improved with the empirical function, which may be observed from Table I

and Fig. 2.

AG | o
 

Fig. 1. The dependence .of AG (kj mol-1) upon /. Solid line — empirical function;

O — reaction field model, ref. 9; x — experimenatl values, ref. 9. a) l-fluoro-2-chloro-

cyclohexane, AGU-cee. b) 2,3,6-trichlorocyclohanone, AG

TABLE I. The variation of AG (kj mol"1) with solvent for 5-X-l33-dioxanes

X = F 1 X = CI

Solvent E Calculated Experimental0 Calculated Experimentalc

a b a b

ecu 2.2 -0.33 -0.29 -1.50 6.10 6.02 5.85

Et20 4.3 -2.63 -2.17 -2.59 4.01 4.35 5.27

CHC13 4.8 -2.97 -2.47 -3.64 3.72 4.14 3.93

C6He 7.5" -4.26 -3.51 -3.47 2.63 3.18 3.72

CH3CN 36.0 -9.32 -7.15 -5.10 -1.84 0.01 1.04

a) The reaction field model. '') Empirical function. c) Reference 14. a) Estimated, ref. 6.
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Finally it might be concluded that the function presented herein offers a

reliable and very simple procedure for the conformational inversion AG values

determination in solvents of any polarity excluding those which undergo asso

ciation. On the other side the linear dependence of AG upon / enables determina

tion of the vapour phase AG values by a simple linear extrapolation of experi

mental solution AG values vs. a function /.

 

Fig. 2. The dependence of AG (kj mol-1) upon /. Solid line — empirical function;

O — reaction field model, ref. 9; x — experimental values, ref. 9. a) 5 — fluoro-l,3-di-

oxane. b) 5-chloro-l,3-dioxane, AG = AG»_e

H 3 B O a

EMIIHPHJCKA tt>yHKUHJA 3A PAMYHAlfeE yTHHAJA CPEflHHE HA

KOH4>OPMAUHOHy PABHOTEJKY

JbHJbAHA flOIHEH—MITEOBHTi

XemjcKti UHciuuuiyiu, npupodiw-Matue.uauluHKU tfraxymueiu , Eeozpad u MHcmuCuyiu 3a xeMujy,

uiexHOMtu)y u MeCua/typmjy, Eeoepad

Hara je jeflHocraBHa e.-unnpHjcKa cbyHKinija 3a panyHaifee ymmaja cojiBaTauHje Ha koh-

cbopMaimoHy paBHOTe>Ky. EHepraja conBaTauHje 3aBHCH ofl ;nmojiHor h KBaapynojmor MOMeirra

pacrBopeHa cyncraHue h oa nepMHTHBHocro pacrBapana. EKcnepHMeHianHH pe3yjrraTH cy flo6po

penpcuyKOBaHH 3a 35 je/n«t.eHba yKJbyqyjyhM «HxajioreHHfle, xanoreHKeTOHe h xanoreHeTpe.

PeayjiTa™ 3a xajioreiwioKcaHe cy nodojtiuaHH y oAHocy Ha paqyHa&a Koja ce 3acHHBajy Ha

TeopnjH peaioiHOHor nojta.

(flpHivubeHo 23. jyHa 1983)
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By spectrophotometric investigation it was found that copper forms with

l,8-doxy-2-(2-pyrazo in-5-ylazo)-naphthalene-3,6-disulphonic acid in aqueous solu

tions two complexes of equaTmole ratios, but with different spectral characteristics.

The complex with absorption maximum at 545 nm (complex I) is stable in the

pH region 5—9; but by increasing the pH and at excess of the reagent it is trans

formed into another complex with absorption maximum at 575 nm (complex II),

stable in pH 13—14.5. Equilibrium constants of the formation of complex I (log ki =

= 0.86) and of the transition reaction (log fa = - 11.31) were determined. The

complex II is proposed as suitable for the spectrophotometric determination of

copper. The molar absorption cofficient at 575 nm, calculated from the Beer law,

is (2.03 ± 0.09) x 104 dm3 mol-1 cm-1. The interference of some ions was investi

gated and it was found that Pd, Zn, Al and Cr in the weight ratio 1:10 do not

interfere.

New reagents from the group of pyrazolinylazo-chromotropic acid derivatives

have a wide range of acidities between the protonation of the azo group ar.d the

dissociation of the second OH group in the naphthalene nucleus1'2.

The dissociation of the second OH group of the naphthalene nucleus for

these reagents is considerably shifted into alkaline solutions1,2 (pK = 15 — 17)

in regard to the same dissociation of the arsenazo group reagents (pK =13 — 1 5)3,4.

This points to a good complexation of these reagents in a wide range of pH units,

as well in the alkaline medium, as has been proved by earlier investigations

of their complexes with copper and nickel5. It has been found that l,8-dioxy-2-

-(2-pyrazolin-5-ylazo)-naphthalene-3,6-disulphonic acid forms with copper two

complexes with considerable bathochromic shifting (AX = 50 — 90 ran) of the

absorption spectra. Therefore conditions of the complex formation had to be

investigated in more detail and in a wider pH region, especially in the al

kaline medium up to pH 14.4, in regard to the dissociation of the reagent

itself in this medium (pKaias = 15.79)2.

EXPERIMENTAL

The reagent l,8-dioxy-2-(2-pyrazolin-5-ylazo)-naphthalene-3,6-disulphonic acid was

synthesized according to the standard procedure for mono-azochromotropic acid derivatives1,6.

The stock solution of the reagent was in a H-form, pH X 5, and this concentration was 1 x 10 3

mol dm"3.

613
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The Standard solution of copper had a concentration 1 x 10-s mol dm_c in HCIO4, 2

mol dm"3. Other chemicals, HC1 and NaOH, were of p. a. grade.

The measurements were performed on a spectrophotometer Beckman 5260 with 1 .00 cm

silica cells and on a Beckman Expandomatic pH-meter.

RESULTS

The visible absorption spectra of the reagent — copper solutions show

formation of two complexes5. Formation and dissociation of these complexes

were followed from the absorbance change as a function of acidity of the medium

at the corresponding absorption maxima (Fig. 1).

 

The complex with the absorption maximum at 545 nm is formed in the

weakly acid medium and is stable in the pH range 5—9. By increasing the pH

value from 8 to 12, in an excess of the ligand, this complex is changed into another

one with the absorption maximum at 575 nm. In the pH region 10—12, with an

exess of copper, complex I predominates. The complex II is stable in the pH

range 13 — 14.5, with the excess of reagent or copper. As it can be seen from the

obtained results, copper and the reagent form two types ofcomplexes whose for

mation depends on the pH value and on the reagent-to-metal concentration ratio.

The composition of the complexes was established by the Job and molar

ratio methos7 under optimum conditions for the formation of these types of com

plexes.
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The spectral characteristics of complexes are summarized in Table I.

TABLE I. Spectral characteristics of the copper — reagent complexes

pHopt Cu:R AX flm»x X 104

(nm) (nm) (dm3 mol"1 cm-1)

Complex I 5— 8 1:1 545 50 1.90

Complex II 13—14.5 1:1 575 90 2.03

According to the obtained results the equilibrium reaction between metal

and reagent in the weakly acid medium can be expressed as follows:

RH„, + Cu^ RHm-„ Cu + «H ( 1 )

where RHm is the undissociated reagent, Cu — the unhydrated form of the copper

ion, RHm-n Cu — the complex I, and n — the number of protons in the

complexation reaction.

As it can be seen in Fig. 1, by increasing pH of the medium, complex I

is transformed into complex II according to the relation:

RHm-» Cu — RHm-„_9 Cu + qH (2)

Where RHm-n-? Cu is the complex II, and q — the number of protons par

ticipating in the equilibrium reaction of the transition.

Equilibrium constants of assumed reactions (1) and (2) can be expressed

by equations:

ka) = (RH„,-» Cu) (H)»/(RH,«) (Cu) (3)

k{2) = (RHm-„-? Cu) (H)9/(RHm_„ Cu). (4)

By taking logarithms of eqs (3) and (4) the following relations are obtained:

log *<„ = log [(RHm-„ Cu)/(RHm)] - log (Cu) - «pH (5)

log k{2) = log [(RH,„- n-g Cu)/(RHm_„ Cu)] - qpH (6)

Straight lines are obtained for log / = log-(RHTO-n Cu)/(RHm) ar.d log

(RHm-n-g Cu)/(RHm-n Cu) expressed as a function of pH, where the slope re

presents the number of protons participating in ihe reactions (1) and (2).

The values of / are obtained from the sigmoid curves (P'ig. 1), showing

formation of the complex as a function of acidity, according to the known spec-

t ophotometric relations8.

Relations (5) and (6) are graphically presented in Fig. 2. 1 he results ob

tained have proved that the formation of the complexes I and II according to

the relations (1) and (2) is followed by participating of only one proton, i. e. n

and q are equal to unity.

The corresponding equlibrium constants were calculated from the relations

and (5) (6) and the values obtained are given in Table II.
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TABLE II. Equilibrium constants of the reactions (1) and (2)

Formation

of pH,/s* ft log *

Complex I 3.51 1.04 0.86 ± 0.03

Complex II 11.28 1.18 -11.31 ± 0.04

* pH at log / = 0

 

Fig. 2. The change in log (CuR/R) as a function of pH for the CuR

complexes. / — Cr : Ccn = 1 : 1.38, X = 550 nm, 2 — Cr : Ccn =

= 1.45 : 1, X = 625 nm

 

i 2 3

Cu( pqlm\)

Fig. 3. Berr law plot at 575 nm, 10.0 mm cell, pH = 14
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The validity of the Beer law was proved at pH = 14 (1 mol/dm3 NaOH),

Fig. 3. The colour of the complex satisfies the requirement of the Beer

law in a concentration region (0.1 — 3.0) g/ml. The molar absorption coefficient

calculated from the Beer law is (2.03 ± 0.09) x 104 mol-1 cm-1 dm3. The inter

ference of some ions was investigated and it was found that Pd, Zn, Al and

Cr in the weight ratio 1:10 do not interfere.

DISCUSSION

These investigations have shown that pyrazolinylazo-chromotropic acid forms

two types of 1 : 1 complexes with copper. One of them is formed in the alkaline

medium (pH 13 — 14.5). The analysis of spectral characteristics has shown a

similarity between complex I and dissociated reagent spectra, and also between

complex II and the protonated reagent spectra.

Based on these data, we can roughly assume the structure of the complexes.

For example, copper in the complex I is probably bonded to the lN-atom of the

pyrazole ring, first OH group of naphthalene nucleus and coordinately to the

azo-group. The bathochromic shift of complex II spectra may be caused by

the dissociation of the second hydroxyl group of the naphthalene nucleus9.

H3BOa

CnEKTPO*OTOMETPHJCKO HCIlHTHBAHbE PEAKUHJE BAKPA CA 1,8-^HOKCH-

-2-(2-IIHPA30JIHH-5-HJIA30)-HA*TAJIEH-3 JIOOHCKOM KHCEJIHHOM

BECHA M. BACH"R, flPArHUA Jb. CTOJH'E h AYPOPA A. MYK

MHciuuiuyiu 3a nyKAeapue uayxe „Eopuc Kudpun", u. up. 522, 11001 Eeoipad

CneKTpoeJjoTOMeTpHjcKHM HcnHTHBaH>eM natjeHO je aa 6ai<ap h 1 ,8-AH0KCH-2-(2-nnpa-

30JiHH-5-Rna3o)-Ha(J)TajieH-3,6-«Hcyji(pOHCKa Kiicejiima, y BOAenoj cpe/n«ra, craapajy flBa kom-

iuieKca Hcror cac-rasa, ami paariHiH-rax cneKTpajimix ocoGmia. KoMiuieKC ca ancoprmHOHHM

MancHMyMOM Ha 545 lim (KOMruiei<c I) cTa6i£naH je y oojiacra pH oa 5 flo 9; ca nopacroM

pH h y BiuiiKy peareHca npeJia3H y apyra KojuuieKC ca MaKCHiwyiHOM ancopnuHje Ha 575 nm

(KOMiineKC II) kojh je craSmiaH y o&nacrH pH ofl 13 ao 14,5. Oape^eHe cy paBHOTewcHe koh-

craHTe 3a cTBapau>e KOMnjiei<ca I (log ki = 0,86) h peaKipijy npcjia3a (log ks = — 11,31).

OcoSHHe KoivuiJieKca II nme ra norojnoiM 3a cneicrpodxjToivieTpHjcKO OApefiHBaifee 6ai<pa. Mo-

jiapHa ancopnTHBHocT Ha 575 nm, H3paqyHaTa H3 Beer-oBor 3ai<oHa je (2,03 ± 0,09) . 104

dm8mol-1 cm-1. HcrorraH je y-rauaj crrpaHHx jona h iiabeHo je «a Pd, Zn, Al h Cr He ciweTajy

y TOKHHCKOM oflnocy 1:10.

(IIpHMJbeHO 17. jyna 1983)
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By analysing absorption spectra of 1 ,3-dihydroxybenzene solutions in 10

— 96% HaS04, and their change with time during 24 h, it has been found that

sulphonation of this compound in 70 — 96% acid leads to the formation of a band

at 233 — 241 nm (depending on acid concentration) which also appears in the

spectra of sulphonated monohydroxybenzene, 1,3,5-trihydroxybenzene and anisole.

Protonation of 1,3-dihydroxybenzene is characterized by a band at 312 nm, the

position of which does not depend on acid concentration whereas protonation of

sulphonated products leads to the appearance of a band at 322 — 324 nm, depending

on acid concentration. In 96% acid, disulphonated 1,3-dihydroxybenzene is pre

cipitated as solid product, soluble at lower acid concentrations and in water. Its

composition was determined by measuring the amount of H2SO4 used for sulphona

tion.

Many papers deal with interactions of aromatic compounds in concentrated

acid solutions, especially in sulphuric and perchloric acid solutions1. Almost all

of them deal with protonation of aromatic compounds, especially of hydroxy-

and alkoxy-benzenes. Besides other methods, absorption spectroscopy, predomi

nantly in the UV region, was used for such investigations. However, fast change

with time of the spectra of hydroxybenzenes in concentrated sulphuric, acid so

lutions made these investigations rather difficult and required them to be per

formed in shortest possible time intervals from the moment of solution prepara

tion. It has been found that the spectral change with time is due to sulphonation

of hydroxy- and alkoxybenzenes2-5, as well as that anisole in 92—98% sulphuric

acid forms ortho-sulphonated anisole4 while 1,4-dihydroxybenzene forms mono-

and disulphonated products in 70 and 85% acid, respectively5. We have reported

in our earlier papers6,7 that monohydroxybenzene in 89% acid forms either ortho-

or para-sulphonated products, depending on temperature, while 1,3,5-trihydroxy

benzene in 96% acid gives a monosulphonated product besides some other un

finished processes. Only few papers point out to the appearance of absorption

bands of sulphonated products in the spectra of hydroxy- and alkoxy benzenes

solutions in concentrated sulphuric acid solutions. Ramsey4 points out that the

bands at 240 and 284 nm in the spectrum of anisole in 92 — 98% H2SO4 belong

to ortho-sulphonated anisole. It is assumed on the basis of theoretical calcula

tions8.-13 that a sulphonated product should have a band at about 280 nm. On

the contrary, by observing absorption spectra of hydroxy and alkoxy benzenes

619
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т рсгсЫопс, аг.<1 зотс огпег аснк, зоте аитпоге2-4-1415 азспЬе гЬсзе Ьагс

го ргоголатсс! сотроипсЬ, 1. е. хЪсу такс Ле арреагапсе оГ Ле Ьалйз :

240 ал(1 340 пш го ргоуе Гогтапоп оГ С-ргогопаис1 Гоиш1в.

ЕХРЕКШЕМТАЬ

ТЬе аресиа «теге гссогсЫ оп а «реагорЬоютекгг 5ресога ЦУ-У"15, Саг1 2ех&, ]гы

1ВШ{ 1-ст циапг сс11|.

1,3-ОШуагохуЬспгепе, Н150«, 96 - 97°,,, ВаС1. апс1 ЫаОН «еге а11 Мегск, р. а. вгаог

5и1рЬилс шаЛ аоЬикми, оГ 10,20,40,60,70,80 ала" 96%, иегс ргсраге4 Ьу

тц 96 — 97% Н1ЗО4 игЬояе сопсепггаиоп \уа» ргеуюиз1у <1е1еттшп€<1 Ьу пггачоп чпи

КаОН. 5о1ип< оГ 1 ,3-<1шу11гохуЬеп2с:1е (Н1К) шегс ргерагей Ьу ОдюоЬчпв; ехасОу «та^Ье^

циап(1(>еа оГ 1Ье зиЬзгапсе ш ьЫрНипс лаЛ оГ ичей сопсег.ггагюп.

ТЬе :рес(га исге гесого'еа' ш 1_Гу" апЛ \'15 гсвюпз иыпв 1.0 х 10-4 ап<1 0.30 то! 1

Н1К (1 ,3-<1ту<1гохуЬепгепе) юшсюпз, ге»ресиуе1у, 5и1рЬипс ааё оГ 1Ье хате сопселпаиоп

а» (Ил оГ 1Ьс $атр1е иа: 1иес1 ах а геГегепсе. АЬзогриоп хрссгга ш (Ье гедоп »-еге гс-

сог(к(1 5-10 1шп аГгсг ргсрагапоп оГ 1Ье !о1ииоп, апс! аЛег 3, 24 апс! 48 Ь «гЬеп Н»К $о-

1ииоп5 1П \*а1ег апЛ ш Н280« < 60% « егс и5сс1. ^РЬеп 1Ып$ 70, 80 ап<1 96% НгЗО^ 1Ьг

аресгга мссгс гссог<1ес1 5 — 10 аЫ 30 — 45 тт, 1 — 1.5, 2-3, 3.5 — 6, 8, 19 апс) 24 Ь аЛп

ргерлгаПоп оГ ГЬе зо1шюп, с!срспшп8 оп аас1 сопсешгаиоп. ТЬе зресгга ш гпе \'1$1Ые геиег

\уеге гесогсДсс! егегу 5-15 тт йиппв 1Ье С1Г51 1*о Ьоиге, апс1, \уЬеп извд 80 ап(1 70% аа&

а1яо аКег 14 Н. 1п 5оте сахе» 1Ье 5ресгга \сгеге гесогс1сс1 2 — 6 с1ауз аГгсг ргерагаиоп оГ 5о1п-

С1опч. ♦

КЕ31Л.ТЗ

АЬзогриоп зрсспа оГ 1,3-сЪпус1гохуЬсп2епе зо1игюпз (НгК) ш «-агег

апс1 1п Ю 60",, Нг50< с!о пог сЬап^с тЛ ите аг.ё Ьауе 1\уо Ьапс15. 1п ацие-

оиз 8о1ииоп5 (Не 4 1Г51 Ьапй (I), дуЬ1сЬ Ьс1ол^8 го гЬе Ьепгспе гшр, Ьаз а там-

тит аг 201 пт шЫсЬ зЬИ'гб го 204 пт Ьу тегеазт^ 1Ье 5и1рЬиг1С асЫ

сопсспггаГ10п го 40"о. Рог 60°;, ас1(1 гЬе Ьайпз 1з ЬурзосЬтогтсаПу 5ЫГ:1^

го < 200 пт апа. 1Г8 1пгел51гу йссгсазсх Ьу аЬот 60%. ТЫз Ьапс! а1зо Ьаз ап

1пПссС10п аг аЬоиг 217 пт спе тгепз11у о!' \уЫсН сЬап^сз т ргоргГ10п го гЬе

сНип^е оГ гНс Ьапс! ииешиу. ТЬе зесопс! Ьапё (II) оЬгатео! Гог ациеош зо1и-

Г10пз, Ьаз ич'о тах1та аг 274 аш! 280 пт, «'ЬсгсЬу гЬе аЬзогЬапсе оГ гЬе тах1-

тит о! тЬс зЬоггег \\га\'е 15 ЫрЬег (П^. 1). Ву 1псгеазт^ гЬе зи1рЬипс ас!<1 соп-

ст1га110п го 40%, гЬе зЬог:сг-\уауе тахтит гстатз ипсЬап^еа апс! гЬаг оГ

1Ьс 1опцсг-*а\е 18 ЬурзосЬгот^саПу ^гийес! го 277 пт. АЬзогЬапсез оГ

тахппа гетат ипсЬапцсс!. N^1^ 60% аа<1 зо1иГ10пз гЬе тахипит о! гЬе зЬопег-

-ууа\ус 15 зЫГ ес! ю 272 пт ап<1 гЬа1 о{ гЬе 1опрег-»ауе (О 278 пт \уЫ1е гЬе

аЬзогЬапсе (1.-сгсазез Ьу аЬоиг 60°о.

ТЬс гаге оГ сЬап;дс оГ гЬе аЬзогрГ1оп зрестга оГ гЬе Н>К зо1иГ10П тегеазез

\У11Ь 1псгсах1г.ц аа<1 со:1СстгаГ10п аз зЬо«п 1п Р1§з. 2, 3 апс! 4. Ые\у Ьапс1з, \уЫсЬ

аКо сЬапцс ичгЬ Г1те, аге г'огтсс! ая \уе11. 1ттссЬаге1у а!гег сИззоШпоп оГ НгК

1п 70",, ас1(1 гЬе Ьапс! I Ьаз а тахипит аг < 200 пт, \уЫсЬ зЫйз (о 205 пт

аГгсг 24 Ь, чуЬегсЬу аЬзогЬапсе тегеазез Ьу аЬоиг 30%. >Х'Ъеп 80°о ас1(1 15 изес!

I Ье тахтчт оГ гЬе Ьат1 арргаг5 ас 205 пт иптесИагегу аГтег с1188о1ш1оп 01

'н« зиЬ *-"' 1 яЬКез ЬасЬосЬгот^саИу ю 212 пт с1игте 24 Ь 1о11о\уес1 Ьу

; Ьу тсгеазтц ас1(1 сопсепгга!10п го 96%^ гпе Ьапй та.41-

аг 212 пт 1ттесЪаге1у айег ргерагаг1оп оГ гпе $о1ипоп в
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сЬосЬгоппсаПу зЬИгес! Ьу аЬоиг 1 пт Гог 24 Ь, а1зо Го11о\уес1 Ьу тсгеазе ог~

:еп81гу. ТЬе тПесгюп аг аЬоиг 217 шп 15 оЬзегуес! оп!у Ьу изтд НгК зошгюп

70% ас1<1 >уЬегеаз 11 доез пог арреаг аг Ы§Ьег аспс! сопсепггагюпз. ТЬе Ьапс!

\уЫсЬ Ьаз то тахипа, а! 273 ап<1 277 пт, цпте<11аге1у а!гег ргерагагюп

 

1. АЬзогрсюп 8рес1га оГ НгК 8о1и1юп

п 10% Н2804: / - 1.25 х Ю-4 то1/1;

? — 2.5 х 10 4 то1/1. АЪзогргюп зресгга

>Г сИ$и1рпопа(е<1 НгК зоктоп т 10%

Н2ЗО4: 3 - 2.77 х 10-5 то1/1; 4 -

2.77 х Ю-4 то1/1.

 

К8- 2. АЬзогриоп вресгга оГ 1 х Ю-4

то1/1 НгК м>1шЮп ш 70% НгЗОд ипте-

Ша1е1у (/), 6.5 (2) апй 23.5 (3) Ьоиге аЛег

сИ$зо1игюп оГ НгК.

 

р1В- 3. АЬвогрсюп 8рес1га оГ 1 х 10~1

то1/1 НгК 8о1ииоп т 80% Н28О4 1тте-

а1аге1у (/), 3 (2) апс!6(5) дауз аЛег (Л8зо1и-

1юп оГ НгК.

Р18. 4. АЬзогриоп зрессга оГ 1 х Ю-4

то1/1 НгК зо1и1юп т 96% Н28О1 1ттеЙ1-

а«1у (/),8(2) апс! 25 (3) Ьоигз айег а183о1и-

1юп оГ Н2К.

оГ НгК зоктоп т 70%, зЫГгз ЬагЬосЬгслтсаИу с1иппд 24 Ь го 275 ап<1

279 пт, \уЫ1с гЬе тгепзпу оп1у зНрпг1у тсгеазез. Ву изтд НгК. зошгюп

т 80% асШ, Ьапй II Ьаз гЬс тахипа аг 276 апс! 278 пт, тттес11аге1у а!гег
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ргерагаТюп от" гЬе зо1ипоп \\ ЫсЬ зЫГт ЬатЬосЬгоппсаНу Ьу аЬоит 1 пт с!игше

24 Н. Зтсе тЫз Ьапё 18 уегу с1озе го пе*1у Гогтес! ЬапсЬ IV ап<1 V, тушсЬ

а1зо сЬап^е \упЬ Типе, й \уаз пот роззкме То ёегегтгпе тЬе гекиуе тгепзну

сЬап^е о!" Ьапс! II <1ие го оуег1аррт§ оГ гЬе ЬапсЬ. Нодаеуег 11 18 спагасгепзпс

Гог тЫз Ьапс!, оррозие го гпе рЬепотепа оЬзегуес! ат 1ошег 8и1рЬипс аас! соп-

сепггагюпз, тЬаТ аЬзогЬапсе аг гЬе тахипит 18 Ы§Ьег штЬ гЬе 1опдег-\уауе опе.

1п гЬе зргстга оС ШК зо1игюп ш 96% аас!, Ьапс! II сопзк!егаЫу йесгеазез

апс! оуеНарз \упЬ тЬе пе\у гогтес! ЬапсЬ IV апс1 V.

А пе\у Ьап<1 III \уЫсЬ арреагз аг аЬоит 240 пт т тЬе зресгга о5 НгК

зо1иТюп т 70% аас!, иптесиате1у аКег сиззо1ииоп о!" тЬе зиЬзгапсе, 13 \уеак апа

Ьаз 1о\у ттепзиу. АГтег 24 Ь к згиТи го 233 пт, \упеп к Ьесотез зтгоп^, \«гЬ

гпсгеазес! ттепзку. Ву из1п§ зо1итюп т 80% аас1, ТЫз Ьапё шЫсЬ 18 зггоп§

акеаёу иптесиаТе1у аЛег ргерагаиоп оГ тЬе зоптоп, зЫггз, сгиггпд 24 Ь, Ггот

240 го 238 пт чгкЬ тсгеазгп§ аЬзогЬапсе. ТЬе Ьапс1 ^уЫсЬ арреагз аг 241 пт

т тЬе зресгга оГ НгК зо1ииопз т 96% аас1 с1оез пот спап^е кз розкюп \игЬ

пте апс! оп1у зНвЬтГу сЬап^ез кз аЬзогЬапсе. Ву сотраггпв тЬе аЬзогЬапсе уа1ие

оЬгагпес! Гог тЫз Ьап<1 24 Ь аГтег ргерагаиоп о!" тЬе зоипюп к сап Ье зееп тпат

гпе аЬзогЬапсе 13 а1тозт йоиЫед т 80% аас! аз сотрагес! го тпаг т 96%.

Спап^е оГ аЬзогЬапсе \упЬ гипе, теазигес! аг гпе Ьапё тахипит гог НгК зо-

1иГ10пз т 70—96% аас1 зЬо\уз тЬат тЬе ргосезз 1еасипз го гЬе Гогтаиоп оГ

гЬе Ьап<1 III 13 сопзИегаЫу з1оу/ег т 70% гпап т 80% аас!. 1п 96% аск! зо1и-

иопз гЬе ргосе88 18 аипозт 1П5ГапТапеоиз зо тпат гигтпег тсгеазе апй ёесгеазе

ог^ аЬзогЬапсе рошгз го (Ье ргезепсе оГ огпег ргосеззез.

1п гЬе зресгга 0ГН2К зо1иГ10П8 т 70—96% ас1с! Ьапё IV арреагз аг 213 пт,

1. е. 1(5 роз1Г1оп 13 тс1ерепс5ет оп ас1д сопсетгаг1оп. ТЬе Ьапо" арреагз ип-

теспаге1у айег ргерагаг1оп оГ гЬе зо1иг1оп апс- сИзарреагз у/1гЬ Г1те, тоге гаркНу

аг Ы§Ьег сопсетга110п (1п 96% а1сс1 Гог 4 Ь). №пеп гЬ1з Ьапс! а1тозг сотр1е1;е1у

сУзарреагз, а пе\у опе Ье§1пз то арреаг ат 322 пт т НгК зо1иТ10пз т 80% асй

апс- 324 пт ш 96% аас1. ТЬе Ьапс1 гпгепз1Ту тсгеазез ^1ТЬ типе Ьит тЬе \тауе-

1сп§гЬ оГ тЬе тах1тит гстатз ипспап^ес!. Но^уеуег, тЫз Ьапс- Ьаз пот Ьееп

оЬзе1-уес- 1п тЬе зреага ог" НгК зо1ит1оп8 т 70% ас1с1, 1. е. и Ид. пот арреаг еуеп

агтег 3 йауз. Ат П1§Ьег НгК сопсептгапопз 1п 70 — 96% асИ ап 1пзо1иЫе рге-

С1р1Таге арреагз аГтег зоте ите, 1. е. 80 тисЬ зоопег аз тЬе НгК ог ааё сопсеп-

тгат^оп 18 П1^Ьег. 1п 96% асИ апс1 0.30 то1/1 НгК зо1иг1оп, ат гоот тетрегашге,

зерагаТ1оп оГ тЬе ргсс1рпате Ьедтз т 1ез8 тЬап ап Ьоиг \уЬат тас1е 1Т сиГПси1г

то 1о11о\у тЬе зрестга1 сЬап^е ш тЬе У1з1Ые ге§10п. ТЬе аЬзогртюп зрестгит оГ

0.010 то1/1 НгК зоитоп ш 70% зи1рЬиг1С аас! Ьаз тдуо Ьапс1з 1гпте<11а1е1у айег

ргерагаТ1оп оГ гЬе зо1иТ1оп, ат 440 апс! 513 пт, гпе ттепзтез оГ тоЫсЬ тсгеазе

\У1гЬ Т1те. 1ттеЙ1ате1у аГгег ргерагат^оп оГтпе зо1иТ10п тЬе зресгга оГ 0.30 то1/1

НгК т 80% асЫ Ьауе ап тПестхоп ат 417 пт тЬе аЬзогЬапсе оГ \уЫсЬ а"е-

сгеахск, зо тЬат а Ьапс! 15 Гогтес! ат 426 пт айег 100 тт (Р'щ. 5). АЬзогЬапсе ат

тЫз тахипит ^псгеазез ир то 14 Ь аГтег ргерагат1оп оГ тЬе зо1иТ10п, %'Ьеп тЬе

зерагаГ1оп оГ тЬе тзо1иЫе ргоаистз Ьес;1П5. ТЬе зресгга о{ 0.30 то1/1 Н«К зо-

1иТ1оп 1п 96% ас1<1 Ьауе опе Ьапс- ат 411 пт йптесНатегу агтег ргерагапоп оГ

тЬе зо1иТ1оп. ТЬ1з Ьапё Пг^т йесгеазез апс! тЬет сИззарреагз сотр1ете1у, айег

55 Ш1П, 51тикапсои81у \У1гЬ гпе арреагаг.се оГ ТЬе 1пзо1иЫе рго<1ист. ТЬезе ге-

зикз ро1т то гпе Гогтапоп ог" 5и1рЬопатес1 ргосгисгз ог" НгК.

1п огёег то ёегсгтше тЬе пшпЬег оГ ЗОзН дгоирз 1П Ье зерагатеё ргодисг,

1. е. т тЬе зи1рЬопагса ЬЬК, а 0.50 то!/1 зо1иТ1оп о{ НгК т96% аси! \таз рге
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рагес!. АЛег 48 Ь сЬе соса1 ^иапс^су оГ сЬе зо1ииоп, со$»етЬег \уЬЬ сЬе ш8о1иЫе

ргскИисс, \уаз соо1ес1 апа сШисеа \мтЬ шасег, ир со 10% зи1рЬилс ааа сопсепСга-

С10п т сЬе 8о1исюп, \уЬегеЪу а1зо сЬе 8оН<1 ргсаисс \таз ШззоЬ/еа. ТЬе 8и1рЬагез

ргеоркасеа \уЬЬ Ва(ЫОз)г Ггот сЫз зоплСюп шеге аесегттеа §гау1теспса11у.

ТЬе зи1рЬиг!с ааа сопсепсгаиоп т^аз гезсеа т сЬе зате у/ау. 1с Ьаз Ьееп Гоипа

Сгот сЬе оЪсатеа ааса, зЪо\ут§ <1есгеа8ес1 зи1рЬипс ааа сопсепсгаиоп т сЬе

затрк аз сотрагеёсосЬе зате ^иапс^су оГ ааа тсЬоис НгК, гЬас а а18и1рЬопат-

ес! ргоаисс оГ 1,3-атуагохуЬеп2епе 13 сЪгтеа ш сЬе зоктоп. АЬзогрсюп зрессга

ос* сЬе зо1исюп ш 10% аас! дуеге гесгоаеа ЪесЪге апа айег ргеарпасюп оГ тЬе

зи1рЬа1е. Рог сЫз ригрозе сЬе 8о1исюп у/аз сЪгтЬег сШисес! яуЬЬ 10% Н28О4

ир Ю НгК сопсепсгаиопз о!" 2.77 X 10~5 апа 2.77 X 10-4то1/1. ТЬе оЫатес!

зрессга (Р'щ. 1) Ьауе 3 Ьапаз, а! 211,234 апй 279—286 пт соггезроп<1ш§ со

Ьапаз I, II апа III аезспЬеа еагНег.

ТЬе оЬсатес! ааса оп гЬе сЪгтапоп оГ сизшрЬопасеа НгК т 96% зи1рЬипс

ас1Й аге ш адгеетепс улгЬ оиг еагИег гезиЬз6,7 зЬоулп§ гЬаг топоЬуагохуЬеп-

хепе апа 1,3,5-сЬЬус1гохуЪеп2епе сЪгт топози1рЬопасеа ргоаиссз, аз у/е11 аз

\укЬ сЬе Нгегасиге ааса у/ЫсЬ ргоуе сЬас атзо1е Гогтз ап огсЬо-зи1рЬопасеа

ргоёисс4 апс! 1 ,4-сИхуагохуЪеп2епе топози1рЬопасеа апа сизгйрЬопасеа ргоаиссз

ас ааа сопсепсгасюпз 1ошег апаЫ§Ьег сЬап 85%, гезресиуе1у. Ву сотрапп{»

сЬе зрессга ос НгК зоптопз т 70% апс1 80% зи1рЬилс ааа, гесогаеа айег 24 Ь,

апа гЬе зрессга оГ сЬе зо1исюпз т 96% ааа, гесогаеа цптеа1асе1у аЛег, ргера-

гасюп, оГ спе зошсюп, к 18 зееп сЬас сЬеу Ьауе сЬе Ьап<1 III ас 233, 238 апс!

241 пт т 70, 80 апд 90% ааа, гезресиуе1у. ТЬе зрессгит сЬе зо1ис1оп

сЬе Гогтеб! ргосшсс, Шзи1рЬопасед НгК 1п 10% асла, а1зо Ьа8 гЫз Ьап<1 аг 234 пт

\уЬегеС"гот 1С сап Ье сопсшаеа сЬас сЬе Ьап<1 18 сЬагассег18С1с Сог зи1рЬопатес1

ЬуагохуЬепгепез апа 18 ёие со сЬе тсогрогаиоп оГ сЬе сЬготорЬоге -8О3Н

1псо сЬе Нг К то1еси!е. ТЬе зате Ъапб Ьаз Ьееп оЬзегуеё 1п сЬе зреагит о{ топо-

ЬуёгохуЬепгепе 1п 89% ааа6, ас 232 пт, аг.а т сЬе зрессга оГ 1,3,5-сг1Ьудгоху-

р18- 5. АЬ801р110п вресСга оГ 0.01 то1/1

Н2К зо1иг1оп 1п 70% Н2ЗО4 4 дауа айег

сНз5о1ииоп оГ НгК (7) апс! оГ 0.3 то1/1

НгК 5о1иГ10п 1П 80% Ш8О4 1ттесИа1:е1у

(2), 1 (3) ап<1 14 {4) Ьоиге айег Шз$о1Ш10п.

 

пт

П15Си38ЮК
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benzene solution in 70 and 80% acid, at 240 and 239 nm, as well as in the spec

trum of anisole solution in 92—98% acid, at 240 nm. Also, comparison of the

bands (II) of H2R solution in 80% and of dislulphonated H2R solution in 10%

acid shows the band maxima at 278 — 276 and 279 — 286, respectively, whereby

in both cases the absorbance of the longer-wave maximum is higher than that

of the shorter-wave maximum; H2R solution in 10% acid does not undergo sulph-

onation and has the band II in the spectrum with the maxima at 274 — 280 nm,

but in this case the absorbance ofthe shorter-wave is higher. The intensity of this

band in the spectrum of H2R solution, as well as in the spectrum of disulphon-

ated H2R, in 10% acid is not significantly changed. Band I in the spectrum

of H2R solution in 10% sulphuric acid appears at 203 nm while in the

spectra of the solution of disulphonated H2R in 10% acid and of H2R so

lutions in 80 and 96% acid it is found at 211, 212 and 213 nm, respectively; the

band intensities being by 2 — 3 times higher. This is apparently due to the in

corporation of the chromophoric -SOsH group into hydroxybenzene, leading to

a bathochromic shift of the band followed by increase of intensity. The corre

sponding band in the spectrum of 1,3,5-trihydroxybenzene solution in 96% acid7

behaves in a similar way.

The new band at 312 nm, the position of which is independent on acid con

centration, most probably corresponds to protonated H2R, since according to

the literature data2 the protonated H2R in 70% HCIO4 solutions, where spectral

changes are much slower, has a band at 311 nm. Due to the formation of sulph-

onated H2R this band first decreases and then disappears. The formation of

the band V, at 322 and 324 nm, in the spectra ot H2R in 80 and 96% acid,

respectively may be ascribed to protonation of the formed sulphonated H2R. Ab

sence of this band in the spectra of H2R in 70% acid can be considered to prove

this conclusion, since sulphonated hydroxybenzene, being a weaker base than

hydroxybenzene, requires higher proton donation of the medium, i. e. higher sulph

uric acid concentration. Possibility of protonation of sulphonated products17-18 was

observed also by sulphonation of 4-hydroxyazobenzene in 100% H2SO4 whereby

the band of diprotonated 4-hydroxyazobenezene shifted from 424 to 460 nm.

The observed change with time of the absorption spectra shows that, be

sides fast protonation of H2R, which leads to the changes positively, determined

only immediately after preparation of the solution only one more relatively slower

process takes place — sulphonation in 70 and 80% acid followed by protonation

of the formed sulphonated products of H2R. However, in 96% acid, besides a

faster sulphonation process, other processes are also possible, especially those

leading to considerable decrease of band II in the spectrum of H2R and reactions

with sulphonated H2R.

Formation of disulphonated H2R imposes questions of the formation mechan

ism and of the position of -SO3H groups. Substitution in meta position being

a favoured reaction; l,3-dihydroxybenzene-4,6-disulphonic acid is a disulphonated

product of H2R. The sulphonation process itself is probably complex, and takes

place through the formation of a monosubstituted product. However, the process

of monosulphonation, with monohydroxybenzene6, can take place in the meta

or para position, depending on the conditions. Also, the meta form can be trans

formed into the para form, and vice versa, what is also possible in the formation

process of monosulphonated H2R. These processes explain the time difference

between the beginning of band formation at 322 and nm and 324 absorbance

decrease of the band at 312 nm.
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H3BOJ

PEAKIJHJE XHflPOKCHBEH3EHA Y JAKO KHCEJIHM CPEflHHAMA.

V. AnCOPIIimOHH CI1EKTPH l,3-flHXHflPOKCHBEH3EHA Y KOHIJEHTPOBAHHM

PACTBOPHMA CYMFIOPHE KHCEJIHHE

XIPArAH C. BECEJIHHOBHTi, flPATAH A. MAPKOBUB. h MHPJAHA B. OEPAflOBH'B*

11Hciuuuiyui 3a (fkauHKy xeMujy npupodHd-MaiueMauiumcoe $a.Kymueiua y Eeozpaby, u. up. 550

1 1001 Eeozpad u *Kaiuedpa 3a (fiumKy, <t>ujt030(p~CKU <p"aKyAiueui, yHueepmuieui y Huuiy, 18000 Hum

MepeH>eiu ancopmniOHHx cneKTapa pacTBopa 1 ,3-;mxH,npoKCH6eH3eHa y 10 — 96% H2SO4

h h>hxobhx npoMeHa ca BpeiueHOM HaljeHO je fla cyjicpoHaunja 1 ,3-flHXHflpoKCH6eH3eH» y 70 — 96%

i-cHcejiHHH AOBomi flo Hacraja&a TpaKe Ha 233 — 241 nm, 3aBHCHo o« KOHneHTpainije KHcejmHe,

Koja nocrojH h y cneKTpHMa cyjKpOHHcaHor MOHOXHflpoKCH6eH3eHa, l,3,5-TpHxnapoKCH6eH3eHa

u aHH30Jia. npoTOHaiQija 1 ,3-jpixnnpoKCH6eB3eBa aoboxbi pp HacrajaH>a TpaKe Ha 312 nm,

<ih)h noJio>Kaj He 3aBHCH ofl KOHueHTpainije KHcejmHe a npoTOHamtja cyjicpoHHcaHHx npofly-

KaTa aoBOflK flo nojaBe TpaKe Ha 322 — 324 nm, 3aBHCHO KOHueHTpaimje KHcejmHe. Y 96%

KucejiHHH H3flBaja ce wicyjKboHHcami 1 ,3-ABXHAPOKca6eB3CH Kao »ropcr npoflyKT, pacTBopaH

y hhhoim KOHueHTpauHjajvia KHcejmHe u y bo/di, ihjh je cacraB oaperjeH Mepeaeiw yTpouiKa

H2SO4 3a cyjidxmaiBijy.

(TIpHMJbeHO 6. jyHa 1983)
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СИНЕТИКА И МЕХАНИЗМ НАЧАЛЬНОЙ СТАДИИ СПЕКАНИЯ

НЕКРИСТАЛЛИЧЕСКИХ МАТЕРИАЛОВ

МИРОСЛАВА НЕШИЧ*, ВЛАДИМИР ПЕТРОВИЧ и МОМЧИЛО М. РИСТИЧ

Институт технических наук Сербской академии наук и искусств,

11000 Белград, С. Ф. Р. Югославия

(Поступило в редакцию 8 июня 1983)

Экспериментально показано, что в качестве модели для изучения на

чальной стадии спекания некристаллических материалов можно использовать

систему двух цилиндров. В связи с этим исследовано спекание цилиндров

из этилцеллюлозы в атмосфере хлороформа с воздухом в температурном ин

тервале 278—303 К. Установлено, что зависимость между шириной шейки,

образующейся между цилиндрами, и временем спекания в согласии с теорией

Я. И. Френкеля, что показывает целесообразность введения новой модели.

В развитии науки о спекании важную роль сыграли теоретические

работы Френкеля1 и экспериментальные работы Кучинского2, в которых

исследован процесс спекания шариков, причем механизмом процесса являлось

вязкое течение. В первом случае модель состоялась из двух стеклянных

шариков, а во втором из шарика и плоской пластинки, а изменение диаметра

шейки в ходе процесса спекания принималось за меру степени спекания.

Для исследования спекания некристаллических материалов Гегузин

использовал стеклянные капилляры3. Он изучал зависимость уменьшения

внутреннего диаметра капилляры от температуры и времени.

Исследуя кинетику спекания аморфной двуокиси кремния4 Соломин

и Томилов показали, что для описания процесса спекания полидисперсного

порошка теория Френкеля не может быть использована.

В нашей работе исследована возможность применения новой модели

для исследования процесса спекания некристаллических материалов. В ка

честве этой модели использованы спрессованные пористые цилиндры из

этилцеллюлозы. Продвижение процесса спекания наблюдалось измерением

изменения шейки в зависимости от времени и температуры спекания.

ЭКСПЕРИМЕНТАЛЬНАЯ РАБОТА

Для исследования спекания использованы цилиндры 0 6 — 3 мм, получены прессо

ванием порошка этилцеллюлозы. Образцы спекались в атмосфере хлороформа с воздухом

в течение 3,5-1 03 — 25,2-1 03 с в температурном интервале 278 — 303 К в установке,

с остоящей из специальной стеклянной камеры для спекания обрасцов и термостата, обес-

спечивающего заданную рабочую температуру.

* Работает в Институте завода „Галеника", Белград
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Образцы затем подвергались сушке, с целью удаления эвентуально имеющегося

хлороформа.

 

Рис. 1 . Микрофотографии спеченных

цилиндров этилцеллюлозы.

Изменения на контакте исследованы при помощи оптического микроскопа. Микро

фотографии спеченных цилиндров этилцеллюлозы (рис. 2) использованы для определения

ширины шейки между двумя цилиндрами. Результаты этих измерений приведены в табл. I.

ТАБЛИЦА I. Ширина шейки спеченных цилиндров этилцеллюлозы

Г(К)/Г(с) 7,2- 103 10,8103 14,4103 18,0-Ю3 21,6 103 25,2-Ю3

278 0,47 0,61 0,61 0,74 0,81 0,94

283 0,55 0,68 0,76 0,80 0,94 1,02

288 0,57

0,60

0,68 0,76 0,82

1,09

0,98 1,06

293 0,69 1,12

1,01

1,19 1,26

298 0,77 0,86 1,11 1,39 1,48

303 1,10 1,31 1,52 — — —

ОБСУЖДЕНИЕ РЕЗУЛЬТАТОВ

Как уже приведено выше результаты исследования некристаллических

материалов (стекла) на моделях до сих пор хорошо согласуются с теорией

Френкеля и в таком случае дчя начальной стадии спекания двух шариков

важит зависимость:

Х2=1±К[ (!)

2 г>

где л: — радиус поверхности контакта; а — поверхностное напряжение; т) —

вязкость; /? — начальный радиус шарика; г — время.

Для наших исследований использована новая модель — модель двух

цилиндров (рис. 2). Подробный анализ экспериментальных данных (табл. I)

показывает, что уравнение (1) хорошо описывает процесс (рис. 3), за исклю

чением спекания при 303 К. Значит что в ходе процесса спекания было

осуществлено вязкое течение благодаря пористости цилиндров, что обес

печивало парам хлороформа реагировать с этилцеллюлозей по всем объеме

образца.

Преднолож:ние, что перенос .массы протекает только по поверхиости

исследуемых цилиндров, т. е. что эвентуально поверхностная диффузия яв-
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ляется ответственным механизмом спекания, проверено отдельно. В таком

случае по Кучинскому2 и Гегузину5 важит зависимость

Хт=к1. (2)

 

Рис. 2. Модель спекания двух цилинд

ров Л — радиус цилиндра; 2х — ши

рина шейки, т — время.

 

Рис. 3. Зависимость х2 от времени.

Интерпретация наших результатов с примением этого уравнения представлена

на рис. 4. Полученные данные показывают, что в нашем случае для спекания

этилцеллюлозы в атмосфере хлороформа с воздухом ответственным меха

низмом поверхностная диффузия не является.
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Гсгузин и Кружанов6 теоретически утвердили, что квадратичная за

висимость между х и I, строго говоря, нажит только для ограниченных

стадий процесса. Можно принять, что в нашем стучае это температурный

интервал 278—298 К. Для данных геометрических соотношений (рис. 2)

это представляет собой начальные стадии спекания этилцеллюлозы в ат

мосфере хлороформа с ваздухом.

 

от времени.

Если принят, что выражение К=к из уравнения (1) является

2 г)

константой скорости процесса, то из наклона прямых (рис. 3) можно рассчи

тать значение константы для каждой изотермы отдельно. На рис. 5 пред

ставлена зависимость 1пк — 1 /Г. Из наклона прямой определена энергия ак

тивации Аррениуса для исследования процесса, которая состваляет 25

кДж/моль.



СПЕКАНИЕ НЕКРИСТАЛЛИЧЕСКИХ МАТЕРИА ЛОВ 631

Вязкое течение некристаллического материала определяет коэффициент

язкости с одной стороны и поверхностное напряжение, с другой стороны.

] этой точки зрения соотношением этих двух величин является харакет-

истический параметр скорости начальной стадии процесса спекания. Из

равнения (1) происходит:

— = - — к

ъ ~ 3 К

(3)

Рис. 5. Зависимость константы скоро

сти спекания от температуры.

 

Значит, что параметр а/>] в течение исследуемого процесса непрерывно увели

чивается и настолько быстрее, насколько температура спекания выше. Это

логично, поскольку с повышением температуры спекания вязкость непре

рывно падает.

Экспериментально полученные результаты и их анализ показывают,

что в качестве модели для исследования спекания некристаллических мате

риалов, наряду с шариками, можно использовать и цилиндры, что расширяет

возможность фундаментального изучения процесса спекания на моделях.

извод

КИНЕТИКА И МЕХАНИЗАМ ПОЧЕТНИХ СТАДЩУМА СИНТЕРОВА1БА

НЕКРИСТАЛНИХ МАТЕРЩАЛА

МИРОСЛАВ НЕШИК, ВЛАДИМИР ПЕТРОВИЪ и МОМЧИЛО М. РИСТИТ»

Инсшишуш шехничких наука Срйске академще наука и умешносши, Београд

Показано )е да се кинетика и механизам синтеровшаа могу иоштивати на моделу

два цилиндра. Вискозни ток )е механизам синтероваша етил-целулозе у температурском

интервалу 298 — 303 К у атомсфери хлороформа и ваздуха. Енерги)а активаци)а овога про-

цеса )е 25 кД/то1.

(Прижгьено 8. )уна 1983)
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SUMMARY

KINETICS AND MECHANISM OF EARLY STAGE SINTERING OF

NONCRYSTALLINE METERIALS

M1R0SLAVA NESlC, VLADIMIR PETROVlC and MOM&LO M. RISTlC

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts,

YU-11000 Belgrade, Yugoslavia

It is shown that the kinetics and mechanism of sintering can be studied on a model of

two noncrystalline cylinders. The viscous flow is the sintering mechanism of ethyl cellulose in

the interval of 298 to 303 K in a chloroform atmosphere. The energy of activation of this proc

ess is 25 kj/mol.

(Received 8 June 1983)
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In order to explain the mechanism of the caking process in ammonium

nitrate and fertilizers based on ammonium nitrate, a mathematical analysis of lime

ammonium nitrate caking strength for three supposed mechanisms was carried

out. The results obtained were compared to those defined experimentally so as

to define the most probable caking mechanism. There were 86 samples of lime

ammonium nitrate from the production process included in experimental investigati

ons of caking, the water content of which ranged from 0.20 to 1.15 wt.%. After

caking determination, the agglomerates obtained were subjected to microscopic

and X-ray diffraction examinations by which, the ammonium nitrate caking mech

anism, defined by mathematical analysis, was confirmed and explained in detail.

Ammonium nitrate, as well as the fertilizers based on it, show the tendency

to lose their looseness during storage and transport. The process, known under

the name „caking", develops by clod formation in the first phase, and then by

making a monolithic mass, so that the product is practically, without a previous

processing, inapplicable for the purposes it has been intended to.

While explanining the caking phenomenon, various authors suggested

different causes, usually separating one of them as predominant. Among causes

for ammonium nitrate caking cited in literature, undoubtedly special attention

deserve the following:

— Ammonium nitrate solubility in water and the solubility change with

temperature,

— Ammonium nitrate polymorphism, and

— Ammonium nitrate hygroscopicity.

Ammonium nitrate is easily soluble in water and its solubility rapidly in

creases with the growth of temperature. The water present in the salt represents

a saturated solution the concentration of which corresponds to the salt temperature.

At cooling and drying ammonium nitrate crystals are separated from the solution.

Arisen in this way, ammonium nitrate crystals represent a „connective" material

between primarily existing crystals or granules and in this way cause caking.

■
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Micek's1 and our2 results of investigation showed that fertilizer caking

grows with the water content increase in the samples and that it grows at the same

water content with the temperature. However, the solubility of ammonium nitrate

grows with the temperature increase, but the hygroscopicity as well as the rate

of ammonium nitrate IV= 111 crystal transformation also grow, so that the in

crease of caking registered, with the increase of temperature, could not be ascribed

exclusively to the increase of solubility.

According to the latest investigations, ammonium nitrate, in dependence on

temperature and pressure, can exist in seven crystal modifications3. From the

fertilizer production aspect, two crystal forms are interesting: monoclinic (III),

stable in the temperature interval from 84.2 to 32.3°C, and rhombic (IV), stable

from 32.3 to - 16.9°.

The ammonium nitrate IV =; III crystal transformation which develops at

32.3°, is followed by a crystal volume change of 3.3 %4>5. In fertilizer storage or

its transport conditions, where every day transformations are possible due to

diurnal and nocturnal temperature changes, alternating crystal contraction and ex

pansion causes granule destruction and dust mass increase in the fertilizer2.

Ammonium nitrate IV= III crystal transformations were the subject ofmany

investigations. The results obtained show a good agreement only in tendencies

in influence observation of water contents on this transformation temperature5-10.
The IV -> III crystal transformation temperature increases from 32.3° to 55c

for the dry salt, with the water contents decrease.

Shnerson et al.n investigated the ammonium nitrate crystal transformations

influence to the technical salt caking and showed that crystal transformations

cause a caking increase. However, Erofeev et al.12 denie the credibility of these

results because the samples investigated contained water. According to their opinion,

ammonium nitrate IV = III transformations cause the destruction of the ammo

nium nitrate granule structure, and can not be the cause of caking at the same

time. Also according to Thomson's opinion13 ammonium nitrate crystal IV III

transformations do not influence caking.

Ammonium nitrate presents one of the most hygroscopic fertilizers. Accord

ing to Pestov14, Runge15, Ross, Latham and Geisler16, Colarich17 and others,

ammonium nitrate hygroscopicity increases with temperature, but although it

is cited as the cause of caking, there are no data on the hygroscopicity influence

on ammonium nitrate or lime ammonium nitrate in literature.

Dealing with the problem of fertilizer caking, only a small number of in-

vestigaters tried to explain the mechanism of this process. Whyne and Dee18,

Silverberg19 and Sjolin20 are of the opinion that caking is the result of crystal

bridges appearing among granules, whereas Thompson13, Gamondes and Van't

Hoff21 ascribe the forces that connect the granules to capillary adhesion.

EXPERIMENTAL PART

Caking determination of lime ammonium nitrate samples was carried out by a

method specially developed for these purposes2. The method consists of exposing the samples

for 16 h of alternating two-hours heating at 60° and two-hours cooling to 17° providing four

crystal transformations of rhombic (IV) into monoclinic (III) ammonium nitrate and vice versa.
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The samples were, besides thermal treatment, exposed the whole time to a pressure of 196 kPa.

After 16 h, the samples were taken out of the apparatus and the pressure needed to cause sample

breaking was determined.

The phase structure of the fertilizer granules and crystal bridges between them was de

termined by X-ray diffraction of the powder.

RESULTS AND DISCUSSION

Having in view the causes of lime ammonium nitrate caking, cited in litera

ture, as well as the theory of agglomeration and sintering processes22-28, as the

possible caking mechanisms we assumed : 1 . The effect of van der Waals forces,

2. Capillary adhesion, and 3. Solid crystal bridges formation.

For the supposed mechanisms we have determined mathematically the

strength of caking for ammonium nitrate. For the caking strenght calculation,

with the supposition of the effect of van der Waals forces, Schubert's24,30 and

Rumpf's22 equations, and for the crystal bridge mechanism, Tanaka's31 equations

were used. The values calculated for the lime ammonium nitrate strength of caking

are shown in Table I.

TABLE I. Review of calculated caking strengths for lime ammonium nitrate for different,

assumed mechanisms of caking process

Supposed mechanism and

the equations used for

calculation

Caking strength

average granule diameter (mm)

1.17 1.49 1.95 2.79 3.52

Ref. to

eqns.

I. Van der Waals forces

R* %na*R

2H A

12a2«

II. Capillary adhesion

2y cos a sin a

8 = —
R ( 1 - sin a)

for

s =

a =

a =

2H

R*

45°

60°

333.2

R

(Pa) 170.0 133.0 102.0 71.3 56.5

(Pa)

(Pa)

44.4 35.0 26.7 18.8 14.8

198.0

390.2

155.7

308.4

119.0

234.1

83.2

164.7

65.9

130.5

(Pa) 284.8 223.6 170.9 119.4 94.7

III. Crystal bridge effect

8 = 0.085 [(1 - e)/ Ve] [(«» a' -*>)P '*(«»/ VT^Tc)(kPa.)

for a' = 1.33% (mass) 18.108

a' = 1.00% „ 16.202

a' = 0.50% „ 12.313

a' = 0.20% „ 8.587

29,30

22,23

21

22

31

The results obtained arc shown tor different granule diameters in the interval

from 1.17 to 3.52 mm, corresponding to the average granule diameters in the

fractions investigated. For the most massive lime ammonium nitrate frac

tion — 2.50 + 1.60 mm, with the average diameter of 1.95 mm, the caking strength



636 RASULIC and SCEPANOVIC

for the effect of van der Waals forces amounts to 26.7 — 102.2 Pa, and for the

capillary adhesion effect 119.0 to 234.1 Pa. Much more extensive caking has been

obtained under the supposition of crystal bridge formation and amounts to 8.6—18.1

kPa for the samples with water contents in the interval from 0.20 to 1.33 wt.%.

Our experimental results, for 86 samples of lime ammonium nitrate, frac

tions — 2.50 + 1.60 mm, in which water contents ranged from 0.20 to 1.16 wt.%.

show caking from 10.3 to 331.8 kPa. They are higher according to calculated

values obtained with the supposition of the van der Waals forces mechanism and

capillary adhesion, and of the same order of magnitude, but a bit higher than the

results obtained for the crystal bridge mechanism.

It should be mentioned that the results were obtained for the crystal bridge

mechanism calculated with the supposition that the temperature is constant (25=)

and that solubility does not change with temperature, in order to facilitate the

calculation procedure, but aware of the fact that it is not true, and we expected

somewhat lower values. Our experimental results were obtained under the effect

of increased presure (196 kPa) and temperature (60°), more precisely under more

rigorous conditions of alternating heating at 60° and cooling to 17°, that increases

caking.

Having in view the caking determination conditions which we have used

in our experimental work, as well as accepted suppositions in calculating the am

monium nitrate caking strength for the mechanism of solid crystal bridges, the

same order of magnitude of experimental and reckoning results points out that

the caking process develops most probably by the crystal bridge mechanism.

Wishing to prove that the most probable mechanism of caking is the mechan

ism of solid crystal bridge formation, we have carried out microscopic investiga

tions of lime ammonium nitrate agglomerate samples obtained in caking experi

ments. The presence of crystal bridges was observed in the investigated samples

as „the connective phase" among lime ammonium nitrate granules (Fig. 1).

The results of microscopic investigations confirmed that the caking process

develops by the mechanism of crystal bridge formation.

However, on the basis of microphotographs the impression has been got

that the crystal bridges are lighter and more transparent compared to the granules

 

 

Fig. I. Microphotograph of crystal brid

ges in the lime ammonium nitrate sample

obtained at caking determination (magni

fication 14 times)
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they connect, in other words, that they differ in their chemical structure from

the granules.

In order to give the complete characterization of these bridges, X-ray diffrac

tion investigations were carried out on the powder diffractometer Philips PW

1O01/0.

In order to give the complete characterization of the bridges, parallel exam

ination of two powders was carried out: the first powder presented the average

sample obtained by whole agglomeration grinding, and the second „enriched"

preparation obtained by mechanical separation of the bridges formed only among

trie granules. It was estimated that the enriched sample contained at least 90%

of" the material from the bridges themselves.

X-ray structural examinations of these powders have not shown differences

Ln bridge and granule structures. The supposition that the bridge consists prev

alently of ammonium nitrate recrystallized in the contact point of two granules,

nad to be abandoned, for it bad to be manifested through the intensities of charac

teristic peaks. However, calcite and ammonium nitrate peaks in the investigated

samples are according to the arrangement and intensity, practically identical.

Such a structural composition of the bridge points to the possibility of its

formation most probably only by the mass diffusion process in contact points

of the granules. Formation of crystal bridges by ammonium nitrate recrystal-

lization from the saturated solution at granule contact points, with nonsolvent

calcium carbonate diffusion, is less probable because it is difficult even to imagine

the conditions that would always provide the same chemical composition of the

bridge and the granule bulk.

H 3 B O a

IIPHJIOr OEJAIIIIbEH>y MEXAHH3MA 3n»yjIBABAH>A KPE^HOr

AMOHHjyM-HHTPATA

TOPflAHA PACyjIHTi h BEPA DTBEnAHOBHTi

XeMujcxa uHdycCupuja „TIaHueao" , 26900 fJaii'teso u Texjto.ioiuKP-McCua.iypuiKH

(fioKy.itueiTi y Eeoepady, it. up. 494, 11000 Eco^pa^

Ha ochobj' lUBeflcmix ucmmiBaH>a 3ai<^>yMeno je: 1. npou.ee 3rpy;;BaBan>a KpeMHor

aMOHHjyM-HtrrpaTa o/jBHja ce Mexaioi3Mo.M CTBapaiba kphct&iihhx MocroBa. 2. KpiiciaJiHH moctobh

Hacrrajy npouecoM flH(py3Hje MaTepujana rpaHyjie y Tawxajvia flojnipa rpaHyjia. LTpBH 3aKn>ytiaK

je npeTnocTaBJbeH aHajuwoM MaTeMarawKH oflpe!)eHHx javnia 3rpyflBaBan>a 3a TpH Moryha h

npeTnocraBjfceHa Mexami3Ma: a) flejcTBO van der Waals-OBHX ciwa, b) /jejcTBO KamtnapHe

aTxe3Hje, h c) cTBapan>e KpHCTanmix moctob8, Kao h h>hxobhm nopefren>eM ca eKcnepHMeHrajiHo

3o6njeHHM Bpe^HocTHMa 3rpy,HBaBaH>a 3a KpeMHii aMOHHjyM-mrrpaT. MHKpocKoncKa iicmmiRaifca

arjioMepaTa Kpewor a,woHnjyM-HHTpaTa, nocne o^petjHnaiba 3rpyflBanan>a, noTBp^iuia cy nper-

nocTaBjbeHH .wcxamiaaM. flpyra 3aKjbynai< je pe3yjiTaT peHflreHOCTpyiaypHHX iicmminaiba Ma-

Tepnjajia rpaHyjia a MaTepujajia KpncrajiHnx MocroBa. KpuciajiHH moctobh H*iajy hctii xeMHjciai

cacraB h HCTy crpyKrypy Kao h rpaHyjie KpeMHor aMOHHjyM-HHTpaTa, nrro yKa3yje Ha nponec

flH<py3iije Mace rpaHyjia y Tawaivia jwuipa nao iiajBeponaTimjii MexaHii3aM ltnxoBor Hacrojaiba.

(ripinvubeHo 1. MapTa 1983)
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ERRATUM

y uiaHKy „GrpyKrypa 3aBapeHor cnoja jierype AI-5Zn-lMg" on II. <t>oflopa, A. Mh-

xajnoBiiha h R. Miixaj.-ioBHh, OAnrraMnaHOM y rjiacnuxy 48 (5) 257 — 264 (1983), tcxhhikom

o .van ikom H30craBJbeHa je arnica 9 Koja ce, v3 H3BHH>eH>e ayropHMa, oiue penpoAyKyje:

In the paper ..Structure of a welded joint of the Al-5Zn-lMg alloy" by P. Fodor, A. Mi-

hajlović and D. Mihajlović, which appeared in the Bulletin 48 (5) 257 -264 (1983), Figure 9

has been omitted. It is as follows:

 

40 20 0 20 40 (mm)

CjiHKa 9 Figure

ITpoMeHa TBpaohe y 3YT-y ca pacToiaaeiw on 3anapa:

A — 6e3 npeArpeBaaa, B — ca npeflrpeBajteM.

Change in hardness in HAZ with the distance from

the weld: A — without preheating, B — with preheating.
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rAocmiK XeMujcxoi dpyiu&ea Eeoepad je iaocuao Cpucmt xejtujctcoi dpyiuuiea,

XtuujcKoz dpyuiuiea Bojeodune u jedHoepeAum Haynmi uacouuc 3a uieopujcKy u

upuMetbeny xejuujy yHueep3tdueiud y Eeozpady, Hosom Cady u Kpazyjeeuy u Hh-

cuiuuiytua 3a xejiujy, xuexHOAomjy u MeiuaAypeujy, Eeoepad. JJeo uipoiuKoea

utwaMuana uacouuca uoKpueen je doupuHOCOM Peuy6Aumce 3ajednuue uayne Cp6uje

u CaMoyupaene UHtuepecne 3ajedHuue 3a naynnu pad Bojeodune

TnacBiac XeMHjcKOr npynrrBa Eeorpaa o6jaBJi>yjeMece*iHO opHnmajme Hayroe paflOBe

H3 oGitacTH TcopajcKe h npHMC&CHe zcMnje Ha eHrnecKOM, iieMawoM, pycKOM, cpncKOxpBa-rcKOM

■ (ppamiycKOM jeaHKy. PyKonnce y /aw npmwepKa arcani Ha ajnpecy: npocp.CnoSojMH PiiOHHKap,

HHCTHTyT 3a tpB3i«Ky xeMHjy, IIpHpoAHo-MaTeMaTEniKH (paKyjiTCT, CiyfleHTCKB Tpr 16, 11000.

IXeHa roflHunfce npemnaTe Ha lacoimc aa MJiaHOBe HpynrrBa H3HOCH 200 a sa cry/jeme

100 mm.; 3a ocrane, Kao b npeay3eha b ycraHOBe ueHa h3hoch 1.000 huh. Yvuixtc ce Mory

H3BpiiiBTa Ha Horpo-pawyH 60803-678-3738. mm y KaHueJiapuju HpyurrBa, KapHerwjeBa 4/III,

Eeorpaa.

ypenmnc: CJIO EOJIAH B. PHBHHKAP

UpHpoaHO-MaTeManniKH cpaKyjrrer, Eeorpaa

TexHHWH ypeRHHK: CTJEFIAH n. PAflHTi
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OBa cBecKa TjiacHHKa nocBeheHa je ocaMfleceTOM potyeHflairy ana^eMHKa

"Bopfia CiecbaHOBHha. Hjiamui nonnry op aeroBHX Beaansamax yreHHKa, py-

roroAHUiH>Hx capaflHHKa h nom-roBaJiana.

*

This issue of the Bulletin is dedicated to the 80th anniversary of the Acad

emician Dorde Stefanovic, Emeritus. Professor of the Faculty of Science, Uni

versity of Belgrade. The submitted articles are contributions of his former stu

dents, collaborators and followers.





Ускоро се навршава 80 година живота академика Ђорђа Стефановића,

редовног професора Природно-математичког факултета у пензији, почасног

члана Српског хемијског друштва. У жељи да обележи овај значајан јубилеј

академика Ђорђа Стефановића, а у знак признања за његов огроман допринос

образовању великог броја хемичара и обезбеђењу материјалне базе хемијске

наставе и научног рада, Савет редакције и Редакција Гласника хемијског

друштва Београд донели су одлуку да се једна свеска Гласника посвети

80-годишњици живота професора Ђорђа Стефановића.

Академик Ђорђе Стефановић рођен је 10. мар

та 1904. године у Земуну од оца Косте А. Стефано-

вића и мајке Милеве, рођене Балко. Основну школу

завршио је у Земуну 1914. године а реалну гимназију,

такође у Земуну, 1922. године. Студирао је хемију у

Берлину и Цириху. Хемијске студије с докторским

испитом завршио је на Филозофском факултету у

Цириху 1928. године.

После одслужења војног рока у Обилићеву

код Крушевца, од 1930. до 1936. године радио је

у Хемијско-фармацеутској фабрици р. НоШпапп Ьа

Косће Со., А. О. Ва8е1. Од 1936. до 1939. године

бавио се као самостални научни радник у Хемијском

институту Филозофског факултета Универзитета у

Београду проблемима који су га интересовали. Го

дине 1939. изабран је за доцента при Катедри хе-

мије за медицинаре и фармацеуте на Медицинском факултету у Београду.

После ослобођења, поред редовне дужности на Медицинском факултету,

поставлен је 1945. године од стране Националног комитета ослобођења Ју-

гославије, Повереништво за народно здравље, за вршиоца дужности шефа

Одсека за синтетичку производњу у Научно-истраживачком институту за

хемијско-фармацеутску производњу.

 

Године 1946. изабран је за ванредног, а 1954. године за редовног про

фесора при Катедри хемије Природно-математичког факултета Универзитета



IV

у Београду, за предмет биохеми^а. Биохеми)у и хеми)у природних произвола

предавав )е све до пензионисан»а, 1973. године. За предмет хеми^а природних

производа издао )е скрипта 1951. године, а затим, за^едно са млаЬим сарад-

ницима и уцбеник ко)и )е доживео три издааьа.

Професор Ъор^е СтефановиЬ изабран )е за дописног члана Српске

академике наука и уметности 1959. а за редовног члана 1961. године.

Професор СтефановиЬ )е био научни сарадник Хемщског института

Српске академике наука од Нэсговог оснивааьа, а после реорганизаци^е научни

саветник и сарадник Хеми^ског института, Београд, до 1959. Био )е дугого-

динпьи управник Хеми^ског института ПМФ, шеф Катедре за хемшу и уп-

равник Одсека за хеми)ске и физичкохеми)ске науке ПМФ. Дутогодиппьи

)е руководилац веЬег бро)а научних про^еката у Институту за хеми)у, техно-

логику и металурп^у у Београду.

У току свог дугогодипльег рада на Универзитету, академик СтефановиЬ

)е окупио велики бро) сарадника копима )е несебично помагао у струйном

и научном раду преносеЬи на )ьих сво) велики ентузщазам и учеЬи их раду

и дисцишшни. Под шеговим руководством ургфено )е преко 200 дипломских

радова, низ магистерских и специ)алистичких радова и преко 30 докторских

дисертаци)а.

Академик СтефановиЬ се током цзлог свог радног века, па и данас,

бавио интензивно научним и стручним радом и постигнуте резултате об^авио

у око 100 научних радова у страним и домаЬим научним часописима. Об)авио

)е и веЬи бро) стручних радова, а одобрена су му 4 патента.

Радови академика СтефановиЬа спада)у у разноврсне области хеми)е

и технологи)е: од неорганске до органске хеми)е, од хеми)е природних про

извода до примешене хеми)е. Нфочито су значащи иьегови доприноси из

хеми)е природних производа и органске хеми)е. Посебно треба истаЬи да )е

проф. СтефановиЬ од почетна свога рада знатан део времена посветио ре-

шавансу проблема индустри)е и привреде. СараЬивао ;е с многим индустри)-

ским предузеЬима у зешьи.

За сво) допринос решавааъу проблема у хеми^ско) индустрией, професор

СтефановиЬ )е више пута наградиван од стране владе и Извршног веЬа Ср-

би)е. Седмо)улску награду за животно дело добио )е 1972. године.

Као вишегодиппьи управник Хеми)ског института и први управник

Одсека за хеми)ске и физичкохеми)Ске науке, професор СтефановиЬ ]е био

иници)атор и )'едан од главних реализатора изградье и опрема&а нове зграде

Хеми)Ског института, као и обезбе^ивааа средстава за интензивирааъе научног

рада.

Академик Ъор1)е СтефановиЬ )е почасни члан Српског хеми)ског дру-

штва и члан Шващарског и Холандског хеми)ског друштва.

Одликован )е Орденом заслуга за народ са златним венцем и Орденом

рада са црвеном заставом.
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NMR SPECTROSCOPY AND CONFIGURATIONAL DIFFERENTIATION

OF THE TWO AT C(l) EPIMERIC 2e 4e,6e-TRIMETHYLCYCLOHEXANE-

ETHANOLS

MIHAILO LJ. MIHAILOVIC*, SLOBODAN MILOSAVLJEVIC, VLADIMIR

ANDREJEVIC, SVETISLAV GOJKOVIC

Department of Chemistry, Faculty of Science, University of Belgrade, and Institute of Chemistry

Technology and Metallurgy, Belgrade,

and

STANIMIR KONSTANTINOVIC

Department of Chemistry, Faculty of Science, Svetozar Markovii University,

YU-34000 Kragujevac

(Received 23 June 1983)

By analysis of their 13C NMR and »H (360 MHz) NMR spectra, it was

possible to assign the correct stereochemistry at C(l) to the two diastereomeric

2e,4e,6e-trimethyl-l-cyclohexaneethanols, i.e. the cis-l-axial geometry of the CH2-

CHjOH group (with respect to the three methyl substituents) to alcohol 1, and the

trans-l -equatorial geometry of the same group to its epimer 2. At the same time,

the equatorial orientation of the three methyl groups [at C(2), C(4) and C(6)] in

alcohols 1 and 2 was confirmed. The synthesis of the c»i-alcohol I is described.

The two at C(l) epimeric 2e,4e,6e-trimethyl-l-cyclohexaneethanols 1 (ct -la)*

and 21 (trans-\e)*, necessary for the study of some oxidation reactions, were synth-

 

Fig. The two at C(l) epimeric 2e,4e,6e-trimethyl-l-cyclohexaneethanols 1 (cM-la) and 2 (trans-ic)

* Address for correspondence: Department of Chemistry, Faculty of Science, Studentski

trg 16, P.O. Box 550, YU-11001 Belgrade, Yugoslavia.

* Cw-1 and trans-\ in 1 and 2 refer to the geometry of the -CHaCHsOH group at C(l)

with respect to the three equatorial methyl groups at C(2), C(4) and C(6); a = axial, e = equato

rial (see Fig.).
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esized from aromatic substrates* and could be configurationally differentiated

and unambiguously stereochemically defined by means of their UC (25.15 MHz)

NMR spectra (proton noise-decoupled and ofi resonance) and XH 360 MHz NMR

spectra (using also in situ derivatization, and in combination with the shift reagent

technique at 60 MHz).

18 C {25.15 MHz) NMR spectra (Tabh I)

TABLE L 1SC 25.15 MHz NMR (CDC13) data (chemical shifts and multiplicity) concerning

epimers 1 and 2»>

Carbon 1 2

1 40.8 (d) 47.7 (d)

2,6 36.9 (d) 36.1 (d)

3,5 38.0 (t) 45.2 (t)

4 32.9 (d) 32.2 (d)

P 26.3 (t) 33.0 (t)

a 64.6 (t) 60.7 (t)

Me(2,6) 19.8 (q) 20.5 (q)

Me(4) 22.5 (q) 22.6 (q)

a) Chemical shifts 8c(in ppm) are given relative to TMS (=0 ppm) as internal standard.

For multiplicity (in the off-resonance decoupled spectra) abbreviations (in parentheses)' see foot

note a) in Table II.

The observed upfield shift of C(3), i.e. C(5), and C(P) in 1 (compared to

the chemical shifts of the same carbons in 2), which is typical for a -(-gauche effect2,

due to steric compression between an axial substituent (i.e. CH2((3) in 1) and the

Y-positioned axial hydrogens (i.e. H-C(3) and H-C(5) in 1), clearly indicated the

axial orientation of the CH2CH2OH group at C(l) in alcohol 1 and the equatorial

geometry of the same group in the epimer 2. This, together with the chemical

shifts of the remaining carbons, which are in good agreement with the corre

sponding calculated values, obtained using empirical parameters for the methyl

substituents2, fits very well to the la,2e,4e,6e and le,2e,4e,6e patterns in the dia-

stereomers 1 and 2, respectively.

*H 360 MHz NMR spectra (Table II)

Contrary to the :H 360 MHz NMR spectrum of compound 2, which could

be readily assigned, the spectrum of alcohol 1 had to be analysed by the aid of

derivatization, i.e. in situ conversion of 1 (with trichloroacetyl isocyanate, CI3C-

CO-N=C=0) to the corresponding N-trichloroacetyl urethane (CI3COO-NH-

-COOR), which afforded much better separation of most signals. The assignment

of proton signals in 1 was also verified by decoupling experiments (see Table II).

Epimer 2 gave rise to a high-field one-proton signal ($h 0.52 ppm) which

could be assigned, according to the chemical shift and splitting pattern (i.e. t x t,

J = 10.0 and 3.7 Hz), to the axial proton at C(l), thus confirming the proposed

geometry concerning C(l) in 2. At the same time, in the spectrum of the N-tri-

chloroaeetyl urethane of alcohol 1, the signal of the proton at C(l) exhibited ab

sorption at ca. &h 1-35 ppm (partially overlapped by other signals), which is in

accordance with its equatorial orientation. Moreover, the application of a lanth-

anide shift reagent, Eu(fod)3, caused in the XH 60 MHz NMR spectrum of

the epimer 1 the separation of the signal due to the proton at C(l) from the high-

-field methylene-methine envelope, thus enabling evaluation of its vicinal cou-

For the synthesis of 1 see Experimental, and of 2 reference 1.
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TABLE II. iH 360 MHz NMR (CDCls) data concerning the epimeric alcohols 1 and 2»>

Proton 1 1 + TAP) 2

1-Heq

1-Hax

2,6-Hax

3,5-Hax

c)

c)

ca. 1.35")

0.52(lH,txt, 10.0,3.7)

1.24 (2H, m)

0.62 (2H, q, 12.0)0.67 (2H, q, 12.0)

1.63 (2H, m)«

0.67 (2H, q, 12.0)«'0

ca. 1.35°)

1.40 (1H, my>

1.50(2H, dxt, 4.0, 8.1)

4.18 (2H, t, 8.1)

0.90 (2x3H, d, 6.3)«)

0.84 (3H, d, 6.0)0

3.5-Heq

4-Hax

P-CH*

s-CHj

c) 1.60 (2H, br d, 12.0)

1.39 (lH,m)c)

c) 1.74 (2H, dxt, 3.7,8.2)

2.6-Me

4-Me

OH

3.54 (2H, t, 8.2)

0.87(2x3H,d,6.3)

0.83 (3H, d, 6.0)

c)

3.61 (2H, t, 8.2)

0.91 (2x3H,d,6.2)

0.83 (3H, d, 6.2)

1.16 (lH.br s, «cD»0)

a) Chemical shifts 8 (in ppm, relative to TMS (=0 ppm) as internal standard) are given

outside of the parentheses; coupling constants J (in Hz) are given inside of the parentheses. Ab

breviations: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, broad; exc, exchanges,

b) TAI = trichloroacetyl-isocyanate (ClsCO-N=C=0). c) Not assigned due to overlapping

of the signals, d) Partially overlapped, e) Irradiation of 8 1.63 (m) converted 80.67 (q) and 8

0.90 (d) into t and s, respectively. 0 Irradiation of 8 1.40 (m) converted 8 0.67 (q) and 8 0.84

(d) into t and s, respectively.

plings ; the observed value of Ji& = Ji,t x 4 Hz, corresponding to equatorial-axial

couplings, afforded additional proof for the proposed axial position of the CH2-

CH2OH group in alcohol 1. It should also be noted that the chemical shifts of

the other protons in the epimers 1 and 2 (listed in Table II) are fully consistent

with the proposed geometries.

Acknowledgements. — The authors are grateful to the Serbian Academy of Sciences and

Arts and to the Serbian Republic Research Fund for financial support.

They also wish to thank Dr. H. Fuhrer (Ciba-Geigy Ltd., Basle, Switzerland) for the .

measurement of 'H-NMR spectra at 360 MHz and laC-NMR spectra.

EXPERIMENTAL*

IR spectra: Perkin-Elmer Spectrophotometer, Model 337. ^H-NMR spectra: Varian

Spectrometers A-60A (at 60 MHz, in CCU) and FT-80A (at 80 MHz, in CDCls), and Broker

HX-360 Spectrometer (at 360 MHz, in CDCI3); ™C-NMR spectra: Varian XL-100 Spectro

meter (at 25.15 MHz, in CDCls) equipped with a Fourier transform accessory; chemical shifts

are given in 8 values on the ppm scale relative to TMS (room temp.).

Synthesis of (all-equatorial) t-2,t-4,t-6-trimethyl-T-l-cyclohexaneethanol** (2). — The

preparation of this alcohol, m.p. 35.5—36°, and its spectral characteristics were described pre

viously1. (For "C-NMR and lH 360 MHz NMR data see Tables I and II, respectively).

Synthesis of (\a,2e,4e,6e) c-2, c-4, c-6-trimethyl-r-l-cyclohexaneethanol** (1). — This

alcohol was prepared by the reaction sequence shown in the Scheme.

Hydrogenation of 3.56 g (0.02 mol) of 2,4,6-trimethylbenzeneacetic acid (3), m.p.3 168°,

obtained from 1,3,5-trimethylbenzene4, via 2-(chloromethyl)-l,3,5-trimethylbenzene and 2,4,6-

-trimethylbenzeneacetonitrile3, was performed in glacial acetic acid (27 ml) with 0.4 g of Pt02,

at room temp, and under 202 kPa. After completion of the reduction, the filtered solution was

poured into ice-cold water, the precipitate removed by filtration, washed with ice-cold water

* lH-NMR spectra at 360 MHz and 13C-NMR spectra were recorded at Ciba-Geigy

Ltd., Basle, Switzerland (Dr. H. Fuhrer). Other spectral measurements ('H-NMR at 60 and

80 MHz, IR, mass) were performed in the Laboratories for Instrumental Analysis of the Chem

istry Department in Belgrade (directed by Prof. D. Jeremic). All compounds subjected to ele

mental microanalysis (performed by Dr. R. Tasovac) gave correct percentage values for C and H.

** t (= trans) and c (= cit) relative to the CHgCHaOH group at C(l).
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11.50 (1H, COOH). ^
 

Conversion of 1.84 g (0.01 mol) ofacid 4 to its methyl ester was effected with diazomethane

in diethyl ether, in the usual way. This ester, without further purification, was dissolved in dry

diethyl ether (10 ml) and reduced with lithium aluminium hydride (0.38 g, 0.01 mol) in dry

diethyl ether (10 ml), affording, after the usual work-up, 1.44 g (85%) of all-cii (aeee) 2,4,6-

-trimethylcyclohexaneethanol (1), which was recrystallized from ethanol, m.p. 65°; IR (film):

Vina - 3320, 1055, 1030 cm-'; IR (KBr): v,^ = 3270, 1055, 1030 cm-1. For "C-NMR and

H 360 MHz NMR data see Table* I and II, respectively.

MHXAHJIO Ih. MHXAHJIOBJTB, CJIOEOHAH MHJIOCAB. btnn n,

CBETHCJ1AB rOJKOBITK

XeuujcKU UHcmutuyiu npupogHO-MautiuauiuHKot (paxyjtuieuia yHUMpntmema y Eeoipagy u Hh-

cuiuuiyul sa xeuujy, uiexHOAotujy u uetuajtypiujy , Eeolpag

H

CTAHHMHP KOHCTAHTHHOBH"R

XeuujcKU UHciuuHiyiu npupogno-MaiueMauiuHKOi tpoKyAuieiua YKUtepmrneiua

„Ceeiuo3ap MapicoeuH" y Kpaiyjeeuy

AiaumaoM h>hxobhx l*C NMR h lH (360 MHz) NMR cneicrapa 6hjio je MoryhHo »»

pl^AB CTcpeoxe«Hja Ra C(l) kor mia nHacrepeoMepHa 2e,4e,6e-TpHMCTHJi- 1 -UHKJioxeKcaH-

Tyem?' T'* c«-l-«KCHj»™a reoMerpaja CHsCHiOH rpyne (y omiocy Ha Tpw MeTHJi-cyncTK-

2. jfcL.KOR anKOXOJia 1 h trans- 1-eKBaTopnjajiHa KOHcjjjirypamija hctc rpyne KOfl ernuiepa

C(4) U°rr^Ttli0' noTBP!>eHa )e eKBaTopHjajma opHjem-auHja cbc rpn MCTHJi-rpyne [Ha C(2),

^*W] ko« o6a enHMepHa anKoxona 1 u 2. Onucana je cmrreaa ctt-ajiKOxojia 1.

(ripHMJbeHo 23. jyHa 1983)
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In order to synthesize the sesquiterpene lactone vernolepin, the possible

reaction pathways are investigated. In that line, the important precursor to the

desired lactone, 6,6-ethylenedithio-10-methyl-perhydroisochroman-3-one is syn

thesized.

From the ethanolic extract of Vernonia hytnenolepis (Compositae), collected

in Ethiopia in 1965, the elemanoid dilactone vernolepin and the isomeric verno-

menin were isolated in 19681 (Fig. 1). Vernolepin shows physiological activity:

in vivo it inhibits tumor growth (the Walker intramuscular carcinosarcome 256)2;

in vitro it shows cytotoxic ability toward human cells of throat cancer. This activity

and the interesting structure of these sesquiterpenes make them the subject of

investigation of many synthetic chemists. Grieco3 and Danishefsky4 synthesized

vernolepin and its isomer using the derivatives of decalin as the starting compounds.

CH> OH CH>

VERNOLEPIN' VERNOMENIN

Figure 1

RESULTS AND DISCUSSION

In this paper a new synthetic pathway for obtaining the S-lactone 6,6-ethyl-

enedithio-10-methyl-perhydroisochroman-3-one (14) from dienone 4 is investi

gated (see Fig. 2). This pathway consists of nine steps with yields varying from

30 to 100%. The structures of the intermediates and of the S-laLtone were elu

cidated by the usual spectroscopic methods. The structures were confirmed by

microanalyses of the obtained products. All the pertinent data are presen ed in

the Experimental Sect:on.
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From the reaction mixture of />-cresol with chloroform and sodium hy

droxide we have isolated as the main product (75—80%) the aromatic aldehyde

5, whose structure was confirmed by spectroscopic data which agreed well with

those in the literature.

Light yellow crystals of dienone 4 (CsHgOCb, M+ mjz 190) were isolated

(12—25%) by fractional distillation of the reaction mixture. The structure of

this product was established on the basis of the obtained spectroscopic results

(IR, XK NMR, MS) which are identical with already published data7b.

Crystals of di-(4-methylphenoxy)-methane 6, (C15H15O2, M+ mjz 228) were

isolated (1 — 1.5%) from the darkly coloured residue, left over after fractional

distillation, by chromatography on silica gel column. This compound was not

known in the literature as the product of the Reimer-Tiemann reaction, and wc

have determined its structure on the basis of the spectroscopic data obtained.

In the IR spectrum there are bands at 3020 and 3040 cm-1, as well as at 1 600

and 1620 cm-1, which are characteristic for the aromatic nucleus, whereas the

band at 1130—1140 cm-1 suggests the existence of an aryl ether. In the JH NMR

spectrum of this compound there are three groups of signals: at 8 2.3 for the

methyl groups bound to aromatic carbons, at 8 6.3 for a CH2 group bound to

two O-phenyl groups and at 8 7.0 for eight aromatic protons. The corresponding

mass spectrum has a molecular ion M+ at mjz 228 and the elemental analysis

agrees very well with the formula C15H15O2.

In the next step of the synthesis, 4-methyl-4-dichloromethylcyclohexa-2,5-

-dienone 4, was condensed with malonic ester in the presence of sodium methoxide

in methyl alcohol. The reaction was carried out under nitrogen at 30—40° and

the product, white crystals of the ester 4-methyl-4-dichloromethyl-5-dicarbo-

methoxymethyl-2-cyclohexenone 7 (C13H16O5CI2, M+ m\z 322), m.p. 108°, was

isolated from the reaction mixture. The structure of this compound was elucidated

on the basis of the corresponding spectral data which are in accordance with those

in the literature8.

The acid catalysed hydrolysis, along with decarboxylation of compound

7, in 50% hydrochloric acid in the course of four hours at 100°, gave prismatic

crystals of the unsaturated acid 4-methyl-4-dichloromethyl-5-carboxy-2-cyclo-

hexenone 8 (C10H12O3CI, M+ m\z 250). The yield of this compound, with melting

point 185°, was 85% relative to the starting ester. The spectra of this compound

agree very well with those published earlier9.

The esterification of acid 8 with diazomethane, at room temperature in

the course of two hours, gave a monoester 4-methyl-4-dichloromethyl-5-carboxy-

methyl-2-cyclohexenone 9 (C11H14O3CI2, M+ m\z 246), which, when crystallized

from hexane, gave crystals, m.p. 90°, in a yield of 97% relative to the acid used.

Compound 9 was also obtained by decarboxylation of malonic diester 7 with di-

methylsulphoxide and sodium chloride10, at boiling point of the reaction mixture

in the course of 72 h. In this reaction, besides the monoester (70%), up to 30%

of dienone 4 was isolated. The structure of the ester was determined on the basis

of spectral data, which agree well with those in the literature8.

Hydrogenation of ester 9 with Pd/C in ethyl acetate, at room temperature

and atmospheric pressure, gave a saturated homologue 4-methyl-4-dichloromethyl-

-5-carboxymethyl-cyclohexanone (10) (C11H16O3CI2, M+ mjz 266). The crystals
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of this compound, m.p. 90—92°, were isolated in a yield of 80—90% relative

to the unsaturated ester.

In the next step, the saturated ester 10 was hydrolysed in acidic medium,

at boiling point of the reaction mixture, in the course of two hours. This reaction

gave prismatic crystals (from acetone) of the saturated acid 4-methyl-4-dichloro-

methyl-5-carboxy-cyclohexanone 77 (CioHi403Cl2, M+ mjz 252), m.p. 180°, in

a yield of 85—90%. The structure of this compound was suggested on the basis

of the spectral data and elemental analysis, which agree well with those published

elsewhere9.

The reaction of saturated acid 7 / with thioethylene glycol in glacial acetic

acid with catalytic amounts of boron trifluoride etherate at 50°, during two hours,

gave light yellow crystals of l,l-ethylenedithio-4-methyl-4-dichloromethyl-5-car-

boxycyclohexane 12 (C12H18O2S2CI2, M+ mjz 328) in a yield of 90-95%. The

melting point of this compound was found to be 170—172°. In this case, masking

of the carboxyl function is performed through the corresponding thioketals that

are stable in the basic medium, which is necessary for further reactions. The struc

ture of compound 12 was verified by spectral data and by elemental analysis9

Alkaline hydrolysis of the dichloro compound 12 at boiling point of the

reaction mixture, in the course of 12 h, gave crystals of l,l-ethylenedithio-4-

-methyl-carbaldehyde-5-carboxy-cyclohexane 13 (C12H18O3S2, M+ m\z 274), m.p.

138°, in a yield of 75%. The structure of this compound was established on the

basis of spectral data which are in accord with those given earlier10.

At this point we would like to stress that when investigating the. optimal

conditions for alkaline hydrolysis of the dichloromethylenic group, we tried, also

the direct hydrolysis of the unsaturated ester 9. In this way we isolated the com

pound 4-methyl-5-carboxy-5'-chloro-3-cyclohexenol (75) (C1H13O3CI, M+ mjz 204).

which crysta'.lizes from ether. The crystals, m.p. 58—60° were isolated in a yield

of 75—80% relative to the ester used. The structure of this compound, which

had not been described in the literature, was elucidated on the basis of the corre

sponding spectroscopic data. In the IR spectrum there are characteristic bands

for the hydroxyl group at 3450 cm-1 and for C-O vibration at 1250 cm-1. The

]H NMR spectrum (see Fig. 3) contains the following signals: at 8 1.75 (d, 3H)

for the methyl group (allylic coupling with H-C3) ; at S 2.2 (s, 2H) from C//2COOH ;

the hydroxyl proton gives the signal at 8 2.15; at 8 2.4—2.7 there is a complex

resonance (three overlapping doublets) which originates from CH2 groups in the

vicinity of the hydroxyl group; at S 3.75 there is another complex signal for the

CH2-C//-OH proton; multiplicity at 8 5.94 originates from the proton at C3

whereas the acid proton gives a singlet at 8 10.3.

The corresponding mass spectrum has a molecular ion M+ at m\z 204, 206

[35C1 (75%); 37Cl (25%)], which suggests the presence of one chlorine atom; the

important fragments are at 186, 151 and 107.

The reaction of compound 75 with sodium borohydride in methyl alcohol

gave crystals of 6,6-ethylenedithio-10-methyl-perhydroisochroman-3-one 14 (Cis-

H18O2S2, M+m/ar248). This compound, which has melting point 183—185°,

was obtained in 70% yield. The structure of this S-lactone was determined on

the basis of the analysis of the corresponding spectra, as well as by elemental anal

ysis. This compound had not been described in the literature so far.
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The IR spectrum has the lactonic carbonyl band at 1745 cm-1, as well as

the C-O vibration of the lactonic carbonyl band at 1250 cm-1. In the XH NMR

spectrum (see Fig. 4) the following signals appear: at $ 1.05 (s, 3H); at 1.45 S

 

1.0 7.0 (0 5.0 pFM(6) *•• 28 '•• •

Fig. 3. *H NMR spectrum of 4-methyl-5-carboxy-5'-chloro-3-cyclohexenol

multiplet signal from CH2-CH-C; at 2.15 another multiplet signal from C//2-CO;

GH2-S protons give a singlet at 8 3.3, another singlet at 8 3.95 originates from

GH2-O protons.

 

10 70 (.0 S.0 PPM(S) *0 1° JO 10 0

Fig. 4. *H NMR spectrum of 6,6-ethylenedithio-10-methyl-perhydroisochroman-3-one
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The corresponding mass spectrum has a molecular ion M+ at m\z 258, and

the important fragments are 198, 165, 131, 118, 93. On the basis of condensation

reaction of the diester 7, as well as correlation with results published elsewhere11,

we presume that lactone 14 has the di-configuration. The stereochemistry of

this compound is going to be the subject of our further research.

Compound 14 is the possible precursor to various compounds, and the

synthetic pathways to them are summarized in Fig. 2.

Besides the aforomentioned reactions for obtaining the key compound 14,

we performed reactions with the aim of synthesizing the unsaturated S-lactone.

The first phase involves blocking of the keto function with ethylene glycol

and />-toluenesulphonic acid in benzene. In this way we obtained crystals of 1,1-

-ethylenedioxy-4-methyl-4-dichloromethyl-5-carboxymethyl-2-cyclohexene 16(C\s-

H18O4CI2, M+ mjz 308), m.p. 59-63°, in a yield of 95-98%. This compound

has not been described in the literature. The IR spectrum of this compound has

the following important bands : at 3030 cm-1 the vibration of olefinic hydrogen ;

at 1770 cm-1 the ester carbonyl; at 1260 cm-1 vibrations of C-O bond; at 1260

cm-1 C=C vibration; at 1170 cm-1 ester C-O vibrations and at 770 cm-1 C-Cl

vibrations.

Hydrolysis of the ketal ester 16 with potassium hydroxide in ethanol/wate-

(1 : 1) mixture, at room temperature, in the course of 12 h, gave hygroscopic

crystals of the potassium salt of the ketal acid 17 (C12H15O4CIK, M+ mjz 262).

This compound had not been described in the literature. In the corresponding

IR spectrum the following important bands appear: at 2500—3500 cm-1 hydroxyl

group vibrations; at 1670 cm-1 and 1400 cm-1 carboxylate anion vibrations; at

1120 cm-1 C-O vibrations and at 760 cm-1 C-Cl vibrations.

The low stability of the unsaturated ketal 16 makes it unsuitable for further

work, and we therefore performed hydrogenation of this ketal, since it is known

that saturated compounds of this type are substantially more stable9. This hydro

genation was carried out with Pd/C in ethyl acetate at room temperature, under

atmospheric pressure, and the product obtained was the saturated homologue

1 , l-ethylenedioxy-4-methyl-4-dichloromethyl-5-carboxymethyl-cyclohexane (18)

(C13H20O4CI2, M+w/0 310). The crystals of this compound had melting point

94—96°, and were obtained in a yield of 98%. The structure of this compound

was determined on the basis of IR and 1H NMR spectra which agree very well

with those published elsewhere9-11.

Hydrolysis of ester 17 in ethanol/water, at room temperature, in the course

of 12 h, gave the saturated acid l,l-ethylenedioxy-4-methyl-4-dichloromethyl-5-

-carboxy-cyclohexane (19) (C12H18O4CI2, M+ mjz 296) in a yield up to 75% and

keto-acid 4-methyl-4-dichloromethyl-5-carboxy-2-cyclohexanone (11) (C10H14O3-

CI2, M+ mjz 252), in a yield up to 12%. The structure of compound 19 was de

termined on the basis of the obtained spectral data which are in accordance with

those in the literature11.

EXPERIMENTAL

IR spectra (KBr) : Perkin-Elmer spectrophotometer, Model 337. *H NMR spectra (CDCls) :

Varian spectrometers A-60-A (at 60 MHz) and FT-80 (at 80 MHz). Mass spectra: Varian-MAT

CH-5 spectrometer.
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4-Methyl-4-dichloromethyl-cycIohexa-2,5-dienone (4)

A solution of 108 g of p-cresol 3 and 1200 g (16.5%) of sodium hydroxide was heated

for 1 h at 67°. Chloroform (239 g) was added in the course of half an hour. The cooled solution

was extracted with ether, washed with a small amount of water and evaporated. Distillation in

vacuo (5.2— 7.2 mbar, 4— 6 mm Hg) gave an oily product (38.4 g, 20%). Crystallization from

ether-petroleum (1:1) gave the ketone 4, m.p. 46—48°. IR spectrum: 3020, 1670, 1640, 1430,

760- 780 cm"1; NMR spectrum: 1.58 (s, 3H), 6.1 (s, 1H), 6.61-6.81, 7.26- 7.44 (AB, q, 2H);

mass spectrum mjz: 190 (M+), 155, 107, 83, 77, 51. (Calcd. for CsHsOCh, C, 50.29; H, 4.22.

Found: C, 50.14, H, 4.05).

Di-(4-methylphenoxy)-methane (6)

Chromatography on silica gel (hexane :acetone = 7:3) afforded compound 6, m.p. 110—

-112° (2.2 g, 1%). IR spectrum: 3060, 1620-1660, 1220, 820 cm"1; NMR spectrum: 2.3 (s,

3H), 6.3 (s, 2H), 7.0 (s, 8H); mass spevtrum m\z 228 (M+), 136, 107, 90, 77. (Calcd. for CuHwO*,

C, 78.92; H, 7.06. Found: C, 79.11; H, 6.87.

4-Methyl-4-dichloromethyl-5-dicarbomethoxymetkyl-2-cyclohexenone (7)

A solution of 1 g (0.005 mol) of ketone 4, 0.695 g (4.9 x 10~3 mol) of dimethyl malonate

and sodium methoxide (from 0.121 g of sodium) in 16 cm3 of methanol was kept under nitrogen

at room temperature for 2 h. The yellow solution was evaporated in vacuo and ether was added.

The resulting suspension was filtered and the precipitate washed with ether. Crystallization of

the solid residue yielded starting ketone 4. The precipitate was dissolved in a minimum amount

of water, carbon dioxide was added and the mixture was extracted with chloroform. The extract

was dried over anhydrous sodium sulphate and evaporated. Crystallization of the solid residue

(480 mg, 30%) from ether gave keto ester 7, m.p. 108°. IR spectrum: 1760, 1740, 1700, 1200,

760- 780 cm-1; NMR spectrum: 1.5 (s, 3H), 2.9 (d, 2H), 3.9 (s, 3H), 6.05 (s, 1H), 6.15-6.98

(d, 2H); mass spectrum mjz: 322 (Af+), 239, 207, 193, 179, 197. (Calcd. for CiaHieOsCls, C,

48.32; H, 4.99. Found: C, 48.45; H, 5.09).

4-Methyl-4-dichloromethyl-5-carboxy-2-cyclohexenone (8)

A mixture of 1 g (3.23 mol) of ester 7 and 50 cm3 of 50% hydrochloric acid was refluxed

for 4 h. The cooled suspension was filtered, the filtrate extracted with chloroform and the ex

tract dried and evaporated. Crystallization from acetone yielded 600 mg (85%) of the acid 8,

m.p. 185°. IR spectrum: 3000- 3400, 1720, 1670, 1450, 750- 780 cm-1; mass spectrum mjz:

250 (M+), 215, 179, 167, 107. (Calcd. for CioHiaOsCl*, C, 47.83; H, 4.82. Found: C, 48.06;

H, 4.83.

4-Methyl-4-dichloromethyl-5-carboxymethyl-2-cyclohexenone (9)

A solution of 1 g (4 X 10-3 mol) of acid 8 in 50 cm3 of ether saturated with diazomethane,

was kept at room temperature for 2 h. A few drops of acetic acid were added and the solution

was washed with water, dried and evaporated. Crystallization of the resudie (1.05 g, 100%),

from hexane yielded the methyl ester 9, m.p. 90°. IR spectrum: 3040, 1750, 1700, 1680, 1370,

1250 cm-1; NMR spectrum: 1.3 (s, 3H), 2.4 (d, 2H), 2.55 (d, 2H), 3.0 (q, 1H), 3.7 (s, 2H), 5.9

(s, 1H), 6.15-7.1 (d, 2H); mass spectrum m\z: 264 (M+), 229, 191, 187, 107. (Calcd. for Cu-

H14O3CI2, C, 49.83; H, 5.32. Found: C, 50.02; H, 5.13).

A solution of 3 g (0.374 mol) of malonic diester 7, 0.55 (0.374 mol) of sodium chloride

0.32 cm3 (2x0.374 mol) of water and 5 cm3 of dimetylsulphoxide, was refluxed for 70 h. The

reaction mixture was poured into water, extracted with ether and dried over anh. CaSO.j, and

evaporated. Crystallization from hexane yielded 1.68 g (70%) of ester 9, and from ether — pe

troleum ether dienone 4, 0.4 g (30%).

4-Methyl-4-dichloromethyl-5-carboxymethyl-cyclohcxanone {10)

A mixture of 1 g (9x 10_8mol) of the ester 9 and 100 mg of 10% palladium-charcoal

in 60 cm3 of ethyl acetate was hydrogenated at room temperature and atmospheric pressure.

The mixture was filtered and the filtrate was evaporated. Crystallization from ether yielded the

ester 10, m.p. 90-92° (900 mg, 90%).
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4-Methyl-4-diMoronuthyl-5-carboxy-cyclohexanone (11)

A mixture of 1 g (3 x 10"3 mol) of the ester 10 and 50 cm3 (1 :1) of hydrochloric acid was

refluxed for 4 h. The suspension was filtered, the filtrate extracted with chloroform and the ex

tract dried over anh. NaaSOa and evaporated. Crystallization from acetone yielded the acid 11,

m.p. 178° (890 mg, 90%). IR spectrum: 3450, 3200- 2700, 1740, 1700, 1250, 770- 790 cm-1.

(Calcd. for C10H14O3CU, C, 47.45 H, 5.57. Found: C, 47.26; H. 5.64).

\,\-EthyUnedithio-4-diMoromethyl-5-carboxy-cyclohexaTU (12)

A solution of 1 g (9 x 10"3 mol) of the acid 11, ot a tew drops (0.2 cm3) of boron trifhio-

ride etherate and of 0.4 cm3 of ethanedithiol in warm acetic acid was stirred for 2 h and the mix

ture extracted with ether. The extract was dried and evaporated under high vacuum. Crystal

lization of the solid residue, 1.18 g (90%), from ether gave acid 12, m.p. 172°. IR spectrum:

2500- 3500, 1700-1720, 1200-1300, 850- 900 cm"1. (Calcd. for CisHieOsSjCU, C, 43.775

H, 5.51. Found: C, 43.63; H, 5.42).

I,l-Ethylenedithio-4-methyl-4-carbaldehydo-5-carboxy-cyclohexane (13)

A solution of 1 g (2x 10"3 mol) of the acid 12 and 1.5 g of sodium hydroxide in 60 cm*

of water was refluxed for 12 h. The solution was acidified and extracted with chloroform. The

extract was dried and evaporated. Crystallization of the residual solid (500 mg, 70%) from ether

gave aldehydic acid 13, m.p. 138°. IR spectrum: 3400, 1720, 1700 cm"1; NMR spectrum: 1.05

(s, 3H), 1.25 (m, 2H), 1.5 (m, 2H), 2.25 (m, 8H), 8.1 (s, 1H), 9.05 (s, 1H); mass spectrum m\z:

274 (M+), 245, 189, 152, 131, 118. (Calcd. for C12H18O3S2, C, 52.53; H, 6.61; S, 23.37. Found:

C, 52.23; H, 6.84; S, 20.80).

6,6-Ethylenedithio-10->nethyl-per}tydroisochroman-3-one (14)

To a solution of 1 g (0.004 mol) of the acid 13 in 10 cm3 of methanol, 0.2 g (6x 10~* mol)

of sodium borohydride was added. The mixture was stirred at room temperature for 3 h. A hy

drochloric acid solution (10%) and ether was added. The organic solution was separated, washed

with sodium bicarbonate solution, dried over anh. Na2SC>4 and evaporated. Crystallization from

chloroform yielded 670 mg (70%) the 8-lactone, m.p. 185°. IR spectrum: 1740, 1370, 1050,

1070 cm-i; NMR spectrum: 1.05 (s, 3H), 1.5 (m, 1H), 2.15 (m, 2H), 2.47 (d, 2H), 3.3 (s, 2H),

3.95 (s, 2H); mass spectrum m\z: 258 (M+), 165, 144, 131, 118, 85. (Calcd. for Ci2HigOsSt, C,

55.78; H, 7.02. Found: C, 54.18; H, 6.77).

4-Methyl-5-carboxy-5'-chloro-3-cyclohexenol (15)

A solution of 250 mg (0.01 mol) of the ester 9 and of 120 mg (0.03 mol) of sodium hy

droxide in 6 cm3 of water was refluxed for 12 h. A hydrochloric acid solution (0.1 mol/dm8)

and chloroform were added. Chromatography on silica gel (hexane :ethyl acetate = 7:3) afforded

compound 15. Recrystallization from ether gave 0.145 g (80%) of compound 75, m.p. 58—60°.

IR spectrum: 3450, 3500-2500, 1740, 800 cm"1; NMR spectrum: 1.75 (s, 3H), 2.2 (m, 2H),

2.4-2.7 (m, 2H), 3.7 (q, 1H), 5.9 (m, 1H), 10.3 (s, 1H); mass spectrum m\z\ 204 (M+), 186,

151, 107. (Calcd. for CsiHisOsCl, C, 52.82; H, 6.40. Found: C, 52.70; H, 6.76).

l,l-Ethylenedioxy^-tmthyl-4-dichloromethyl-5-carboxymetl^l-2-Q>clohexene (16)

A solution of 1.9 g (0.071) of ester 9, 0.5 cm3 of ethylene glycol and a few crystals of p-

-toluenesulphonic acid in 25 cm3 of benzene was refluxed in the presence of a water separator

for 12 h. A sodium bicarbonate solution and chloroform were added. The organic solution was

separated, dried and evaporated. Crystallization from ether afforded the ketal 16 (2.13 g, 98%),

m.p. 59-63°. IR spectrum: 3030, 1740, 1680, 1260, 1180, 770 cm"1.

A solution of 1 g (0.03 mol) of ketal 16 and 30 cm3 of 10% potassium hydroxide in 1:1

ethanol-water was kept at room temperature for 12 h. It was acidified to pH 8 with 10% hydro

chloric acid and extracted with chloroform. The extract was dried and evaporated. Crystal

lization from ether led to the potassium salt 17. IR spectrum: 3400, 1580, 1400, 1120, 760cm"1.

1 ,l-Ethylenedioxy-4-methyl-4-dichloromethyl-5-carboxymetkyl-cyclohexane (18)

A mixture of 500 mg (0.0016 mol) of ester 16 and 50 mg of 10% palladium-charcoal in

30 cm3 of ethyl acetate was hydrogenated at room temperature and atmospheric pressure. The
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mixture was filtered and the filtrate was evaporated. Crystallization from ether yielded the ester

18, m.p. 96° (500 mg, 100%). IR spectrum: 1735, 1370, 1265, 1190, 1100, 760 cm"1. (Calcd.

for dnHjoCiCls, C, 50.17; H, 6.48. Found: C, 50.22; H, 6.50).

l,l-Ethylenedioxy^-methyl-4-dichlorometkyl-5-carboxy-cyclohexane (19)

A solution of 300 mg (9 x 10~4 mol) of ester 18 and of 10 cm* of 10% potassium hydrox

ide in 1:1 ethanol: water was kept at room temperature for 12 h. The pH was adjusted to 8 with

10% hydrochloric acid and extracted with chloroform. The extract was dried and evaporated.

Crystallization from acetone gave the acid 19 (220 mg) and the keto-acid 11 (30 mg). IR spec

trum: 3450, 3200- 2700, 1240, 1140, 1110, 1060, 750 cm"1. (Calcd. for CitHisO«CIi, C, 48.50;

H, 6.10. Found: C, 48.29; H, 6.16).
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H3BOJI

HOBH CHHTETHHKH ITPHJIA3 CECKBHTEPIIEHCKOM JIAKTOHY BEPHOJIE-

ITHHy. CHHTE3A 6,6-ETHJIEHflHTHO-10-METHJI-nEPXIWOH3OXPOMAH-

-3-OH-a

MHJiyTHH CTEOAHOBHTi, flPArOCJIAB JEPEMHTi, CJIABHUA COJIYJITE H

CJIOBOflAH CYKO^UIAK

XeuujcKu uHciuuuiyiu npupogno-MaiueuauiuMKoi fancyAffltQa, YHUtepJumeiu y Eeoipagy u Mh-

duuiuyiu 3a xeuujy npupogHO-MOiuettamuHKOi faxyjtultitia, ymitepsuiueui y Kpalyjetuy

rioKyuiaj CHirre3e BepHOJiemnia, cecKBHTepneHCKor jiaKTOHa eneMaHOHAHor Tuna, nyreM

kojh ao ca^a Huje 6ho KopHmheR, peayjrroBSo je y chricsh uiurou H30xpoMaRCKor nma kojh

ce Mo>Ke KopHCTHTH 3a Aan>H pan Ha HanHH npefljiWHCH Ha cjihuh 2.

Ilojia3Ho jeflnaeiie je 6ho ahchoh 4 Kojn je peaKiwjaMa eciepmpinamHje, nflpoinae

H xHAP°reHH3auHje npeTBopeH y 3acnheHy KeTOKHcejiHHy 11. Hera KBcejmBa je npeKO tho-

KeTajiHe KHcejiBse nocnyxmna 3a ,no6njan.e iHOKCian-«uwexartHe tooonme, Koja peAyKTHBHOM

UHKJiH3auHjoM Aaje 6,6-eTHJieHAHTHo-10-Mernji-nepxHApoH3OxpoMaH-3-OH 14. CTpyKTypa jisk-

TOHa je oApe^eHa Ha ocHOBy pesym-ara cnexTpajmux aHanH3a (IR, NMR, MS).

(npHMjteHO 19. jyna 1983)
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In order to obtain evidence on the relationship between kerogen structural

types and the quantity and nature of their oxidation products, the products of mul

tistage, 25-step, alkaline permanganate degradation of a type I kerogen from a

sample of Green River, Colorado shale, have been studied qualitatively and quan

titatively. A high yield of oxidation products was obtained (76.38% based on orig

inal kerogen): 0.86% of neutrals and bases, 24.32% of ether-soluble acids, and

51.20% of precipitated, ether-insoluble acids. The ether-soluble acids and the

soluble products of further controlled permanganate degradation of precipitated

acids were found to consist of saturated unbranched Ce-Cs4 <x,o-dicarboxylic

and C10-C34 monocarboxylic acids as major oxidation products. The yield of al-

kane-tricarboxylic (C8-C14) and tetracarboxylic (C10-C14) acids, was noticeable.

Isoprenoid acids (C14-C20, except Cig) were less important but still significant

components. Hence, alkaline permanganate multistage degradation of the examined

type I kerogen produced saturated long-chain normal aliphatic acids as main oxi

dation products with subordinate proportion of alkane-polycarboxylic acids as

possible oxidation products of alicyclic and/or heterocyclic structures.

In kerogen structural studies, problems arising from complexity, inhomo-

geneity and diversity of kerogens, as well as from formational variations, have

often lead to disputatious structural interpretations1-8. One of the main reasons

for controversial conclusions concerning the structure of kerogens has probably

been a different provenance and hence a different chemical nature of the shale

samples that were investigated by different authors. Therefore, an attempt was

made to define and generalize the relationship between the structural type of

kerogens and the yields and the compositions of their oxidation products obtained

under identical experimental conditions.

For this purpose a number of kerogens of different geographic origin and

of different chemical nature, however defined on the basis of atomic H/C-O/C

ratio4-5, have been studied using the alkaline permanganate degradation method.

An extensive and systematic study of the relationship between the kerogen struc

tural type and the quantity and nature of the products of its multistage oxidative

degradation has been undertaken.

In this paper results of investigation of a type I kerogen from the Green

River shale, Colorado, USA, will be reported.

A careful, twenty-five-step alkaline permanganate degradation of the ker

ogen concentrate from this shale sample was carried out. The examination of
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the products, obtained in a very high total yield (ca. 76% based on original organic

matter), consisted in:

(a) Capillary gas chromatographic (GC) and gas chromatographic-mass

spectrometric (GC-MS) analysis of the methyl esters of ether-soluble acids ; and

(b) Further controlled, stepwise alkaline permanganate oxidation of precip

itated, ether-insoluble acids, followed by GC-MS analysis of the ether-soluble

acids thus obtained.

EXPERIMENTAL

The sample of the Green River shale, IFP no. 1 5409, was obtained trom the Institut Fran-

cais du Pitrole, Rueil Malmaison, France. The sample originated from a mine near Rifle, Col

orado, 15 m under the Mahogany ledge.

The kerogen concentrate has been prepared by tteatment of the powdered shale with

hydrochloric acid (1:3) at 70°C, followed by a 50 h Soxhlet extraction of the washed and dried

residue with an azeotropic mixture ot benzene and methanol. The kerogen concentrate contained

48.96% ash and 49.61% kerogen, consisting of 77.39% carbon, 10.26% hydrogen, 3.10% ni

trogen and 9.25% O 4- S (by difference). The atomic H/C and O/C ratios were 1.59 and 0.09,

respectively, corresponding to type I kerogen.

The kerogen concentrate (5.3090 g, containing 2.6338 g kerogen) was oxidized in 25 steps

with 0.5 g KMnCu per step in 100 cm3 of 1% KOH, according to the degradation scheme as

described by Ambles et al.* Prior to addition of each new portion of permanganate (0.5 g in 10

cm3 of aqueous solution), the mixture of kerogen concentrate or partially degraded kerogen con

centrate and alkali solution was heated to the reaction temperature of 75°.

At the end of each oxidation stage, established by disappearance of the violet and green

colours, the remaining solids involving the residual kerogen concentrate and MnOs were sep

arated by centrifugation and washed thoroughly with 0.5% KOH to remove all oxidation prod

ucts. •

Following every five steps, the MnOs was removed by treatment of the solid residue wit-

an excess of a solution of oxalic acid and thorough rinsing with distilled water. The last oxidation

mixture was treated in a similar way. The washed final solid residue was dried at 80° and anan

lyzed for organic matter.

The first two portions of permanganate were reduced in relatively short period of time-

The reduction periods showed a gradual increasing trend (Fig. 1) up to the final oxidation step-

However, at regular five-step intervals, the reduction periods of the steps following the removal

of MnOs were shorter compared to the preceding degradation steps. Since oxalic acid had been

quantitatively removed, this was probably the result of increased reactivity of purified kerogen

concentrate.

The last, twenty-fifth portion of reagent was not fully reduced even after 30 h, indicating

final oxidation of the kerogen.

The products from each five steps were collected and five fractions of products (marked

1-1 to 1-5) were thus obtained. These five fractions were separately worked up according to the

scheme described earlier2>3.

Three types of products were obtained from each of the five fractions: neutrals and bases,

ether-soluble acids, and precipitated, ether-insoluble acids.

Investigation of soluble acids

The soluble acids were methylated with ethereal diazomethane. The esters were analyzed

by capillary GC, and identified by GC-MS.

The GC separations were performed in a gas chromatograph Packard Model 427, using

a 25 m fused silica WCOT CP Sil 5 (0.16 |un) capillary column, coupled to an integrator-cal
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culator Spectra Physics „System 1". The temperature of the column was programmed from

70° (10 min isothermally) to 600° (5 min isothermally) at 2° min-1.

The GC-MS analyses were carried out with a system consisting of a gas chromatcgraph

Perkin-Elmer Sigma 3 coupled to a mass spectrometer Kratos MS 25. The GC column was also

temperature-programmed from 70 to 300° at 2° min-1, and a He (carrier gas) flow rate of 1 cm8

min-1. The mass spectra were recorded for all the separated significant peaks.

O KER00EN CONCENTRATE

• PRECIPITATED ACIDS

0
e

5*
o

Fig. 1. Duration of single

degradation steps (log f<»>=

= log time in seconds).

oo 0

o • 8 •

o • o o

• o
o ° •

10 IS 20

STEP NUMBER

In most cases identifications of individual components were accompanied by comparison

of the mass spectra obtained with available mass spectra of authentic compounds.

Further oxidation of precipitated acids

The precipitated acids from the five fractions (1.3486 g) were combined by dissolving

in 1% KOH at 75°. The acids were reprecipitated by acidification with hydrochloric acid (1 :1).

The yield of combined precipitated acids was 1.2490 g (92.61%). These acids consisted of 70.29%

carbon, 9.37% hydrogen, 4.55% nitrogen, and 15.79% oxygen (by difference).

An aliquot of 1.0010 g was oxidized in 30 steps with small amounts (0.5 g) of KMn04

per step in 100 cm3 of 1% KOH. Prior to addition of each new portion of permanganate (0.5 g

in 10 cm8 of aqueous solution), the acids were dissolved in the alkali solution, which was heated

to the reaction temperature of 75°.

The reaction mixture obtained after reduction of each portion of the reagent was worked

up according to the scheme shown in Fig. 2. The precipitated acids thus obtained were always

further oxidized, in the next step, with a new portion of permanganate. The MnC>2 was reduced

following each 5 steps.

The reduction periods gradually increased towards the final steps. However, they period

ically dropped, probably as consequence of periodic removal of MnOt (Fig. 1). The reduction

periods were very similar to those of the kerogen concentrate, indicating a similarity in the gen

eral type of structure of these two substrates.

The precipitated acids obtained in the last step (the oxidation not being complete) were

washed and dried at 80°.
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The soluble acids from each five steps were combined into six fractions (1P-1 to 1P-6).

The acids were methylated with ethereal diazomethane and analyzed by capillary GC. For GC-

-MS analysis the methyl esters were combined into two fractions, marked 1P-1-3 and 1P-4-6

(1-1 5th and 16-30th steps, respectively).

PRECIPITATED ACIDS It

Portions of 0.5 g KHnO^ and

100 cm3 1Z COB per (tap, 75*

Alkaline

solution

Solid residua

(♦lh02)

Hashing 2 tines with

100 as3 of 1Z KOB

J_

Isolation of

oxidatioij products

L_| Alkaline

solution

Solid residue {—al

NEUTRAL AND ETHER- PRECIPITATED
BASIC SOLUBLE ETHER-INSOLUBLE
PRODUCTS ACIDS ACIDS

«■** _v*
* O

i Solid residue

(+Jta02)

1
IZi of 5Z solution of

oxalic acid; washing with

water, to negative oxalate

Acidic Solid

aolution residue

Discarded

Fig. 2. Isolation of oxidation products from the precipitated acids.

RESULTS

Degradation of the kerogen concentrate

The rate of permanganate oxidation, based on one gram of kerogen, is pre

sented in Fig. 3a. Twenty-five steps were necessary for complete degradation

of the kerogen and a total amount of almost 12.5 g KMnCU was consumed (4.74 g

per gram of kerogen). Approximately 23 h were needed for the twenty-four steps.

As already mentioned, in the twenty-fifth step, which lasted 30 h, the KMnO*

was not fully reduced.

The yields of products in the five oxidation stages are shown in Fig. 4.

The total yields of neutrals and bases, ether-soluble acids, and precipitated

acids were 0.86%, 24.32%, and 51.20%, respectively, relative to the original

organic matter, the total yield being 76.38%. The participation of neutrals and

bases, ether-soluble acids, and precipitated acids in the total degradation products
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was 1.13%, 31.84%, and 67.03%, respectively. The ratio of insoluble VS soluble

acids was 2.1.

 

gKMnOt /1g kerogen
i i. » •
gKMnOt/lgAC

Fig. 3. Rate of permanganate oxidation, based on

one gram of kerogen (a) and precipitated acids (b).

 

i i > t •

OXIDATION STAGE (FRACTION)

Fig. 4. Yields of products in

various oxidation stages.

The solid residue in the final step (2.2164 g) did not contain organic matter.

A blank experiment was carried out for 48 h, with total amounts of reagents

corresponding to five steps. Only 2.2 mg of ether-soluble acids were obtained.

GC analysis of these acids in the form of their methyl esters revealed a number

of minor components.

Ether-soluble acids

One of the gas chromatograms of the ether-soluble acids in the form of

their methyl esters is given as example in Fig. 5.

 

Fig. 5. Gas chromatogram of ether-soluble acids 1 — 3, in the torm of methyl esters (stage

3). C^1 denotes saturated normal a,ca-dicarboxylic acids, C£-8 isoprenoid acids, C^1 al-

kane-tricarboxylic, and C"*™ alkane-tetracarboxy1ic acids.
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The GC-MS analysis of the various fractions revealed the presence of sat

urated normal a, co-dicarboxylic acids (C6-C27), isoprenoid acids Q4-C20 (except

Cis)» alkane-tricarboxylic acids Ca-Cu, and alkane-tetracarboxylic acids C10-C14

Table I).

TABLE I. Ether-soluble acids obtained by oxidation of type I kerogen from Green River

(Colorado) shale

Fraction n-Monocar-

boxylic

ot.eo-Dicar-

boxylic

Isoprenoid Alkane-tri

carboxylic

Alkane-tetra

carboxylic

From kcrogcr

1-1 Cii-Cu Co-Cm CljjCjgjCJ1, Cs-Cl4 Cio—Cu

1-2 Cio— C11 C7—Cio ^14 ^17
Co—Cu Cio— C13

1-3 C10— Cso C7— C»7
^-14 — «-17> ^19 > «^20

Cs— Cl4 Cu—Cu

1-4 C10—Cm C7—Cl7
/-•at . /-»at . /~*3

^14 ^17» ^19' ^20
Cg— Cl4 Cu—Cl4

1-5 C10— C»i C7-C1S Cj4-Cj7; C*9; C^q Cio; Cu Cu

From precipi

tated acids

-

1P-1-3 ClO—C«4 C7—Cm C14-C17 Cu Cu—Cu

1P-4—6 Cio—Cu C7—Cio - Cg—Cu —

There was no marked difference in the compositions of the ether-soluble

acids from the five oxidation stages.

Oxidation products from precipitated acids

The rate of permanganate oxidation of precipitated acids, based on one

gram of the acids, is shown in Fig. 3b. Thirty steps were not sufficient for com

plete degradation of 1.0010 g of precipitated acids. In thirty steps, a total amount

of 15 g of KMn04 was consumed (14.98 g per gram of acids) and the total du

ration of the thirty steps was 17 h.

 

Fig. 6. Yields of products obtained in

various stages by oxidation of precipitated

acids.
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The yields of the products obtained in the 30-step degradation of the pre

cipitated acids are shown in Fig. 6. The total yields of neutrals and bases and

ether-soluble acids were 11.22% and 96.56%, respectively, relative to the orig

inal precipitated acids. The yield of precipitated acids in the thirtieth step was

0.0527 g (5.26%). The gas chromatogram of one of the fractions is shown as ex

ample in Fig. 7.

 

Fig. 7. Gas chromatogram of ether-soluble acids IP— 1 — 3, obtained by oxidation of

precipitated acids (stages 1—3), in the form of methyl esters. Denotations are the same

as in Fig. 5.

The GC-MS analyses of the two fractions of ether-soluble acids revealed

the presence of saturated normal C10-C34 monocarboxylic acids, saturated normal

C7-C34 oc, w-dicarboxylic acids, C14-C17 isoprenoid acids, Cs-Cn alkane-tricar-

boxylic, and C11-C13 alkane-tetracarboxylic acids (Table I).

DISCUSSION AND CONCLUSIONS

The main purpose of this paper was to obtain evidence on the relationship

between a kerogen of type I and the nature and yield of the products of its oxi

dative degradation. The choice of experimental conditions, aimed at obtaining

high yields of oxidation products with retained kerogen structural characteristics,

was based on recent kerogen degradation experience23. The same experimental

conditions are planned to be used in studies of kerogens of other structural types.

A twenty-five-step alkaline permanganate degradation of the Green River

shale type I kerogen, described in this paper, resulted in very high yield of oxi

dation products, 76.38% based on the original organic matter. The ratio of pre

cipitated (ether-insoluble) VS ether-soluble acids was 2.1.

Somewhat lower total yield of oxidation products (76.38% VS 81.55%)

and a lower ratio of precipitated VS ether-soluble acids (2.1 VS 5.8), compared

to the degradation of the kerogen concentrate of another sample of Green River

shale3, is probably a consequence of a higher KMn04 to kerogen ratio used in
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this paper (2.6338 g VS 4.9530 g of initial kerogen, respectively), and hence a

smaller number of oxidation steps (25 VS 39, respectively).

The major components in the fraction of ether-soluble acids (24.32% yield)

were found to be the saturated unbranched a,a)-dicarboxylic acids (C6-C27).

Among them, the most abundant were the acids in the range C7-C18. The relative

abundance of individual members in this range of dicarboxylic acids is shown

in Fig. 8. In all five fractions the most abundant component was the C10 saturated

normal a, to-dicarboxylic acid.
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Fig. 8. Distribution of saturated normal a, to -dicarboxylic and

monocarboxylic acids in various stages of oxidation of kerogen and

precipitated acids.

The relative participation of a, w -dicarboxylic acids in the total mixture

of ether-soluble acids in the five oxidation stages gradually decreased from approxi

mately 70% to ca. 35%, and the proportion of normal monocarboxylic acids in

creased from ca. 10% up to more than 55%. The total yield of these two classes

of acids was very high and remained fairly constant through the five oxidation

stages (70- 80%).

The range of obtained saturated normal monocarboxylic acids changed

significantly, as illustrated in Fig. 8. The Oe maximum in the first three stages

moved to a maximum in the range C22-C24 with the fourth and fifth fractions.
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The yield of alkane tri- and tetracarboxylic acids was noticeable, particu

larly in the first three oxidation stages. Their range did not change substantially

except in the fifth fraction which contained very small amounts of this type of

oxidation products. Isoprenoid acids, in a relatively constant C14-C20 range, were

less important but still significant components.

Keto-acids and aromatic acids were not identified in the fraction of ether-

-soluble acids.

The evidence obtained from ether-soluble acids, i.e. predominance of sat

urated unbranched a, w-dicarboxylic acids of high molecular mass ( > C7), to

gether with smaller but significant yields of saturated normal monocarboxylic

acids (>Cio) and isoprenoid acids, suggested a predominantly open-chain, cross-

-linked and branched aliphatic structure. However, the presence of the alkane-

-tri- and -tetracarboxylic acids in the oxidation products indicated that alicyclic

and/or heterocyclic rings were probably also involved in the long-chain aliphatic

structure.

Oxidation products of the precipitated acids were also obtained in very

high total yield in the form of ether-soluble acids (96.56%, based on original pre

cipitated acids). Again, saturated unbranched a, w-dicarboxylic (C7-C34) and

saturated normal monocarboxylic (C10-C34) acids were found to be the major

oxidation products, particularly the dicarboxylic acids. Isoprenoid acids and al-

kane-polycarboxylic acids were also present but in much smaller range and quan

tity. Hence the major constituents of the degradation products of the precipitated

acids were shown to be similar to the ether-soluble degradation products of the

kerogen concentrate.

Therefore, taking into account the high yields of oxidation products and

their prevailing saturated long-chain aliphatic structure, a predominantly open-

-chain, cross-linked and branched aliphatic structure is suggested for the type

I kerogen from the examined Green River shale sample. Smaller participation

of alkane-tri- and alkane-tetracarboxylic acids, indicated a relatively limited pres

ence of alicyclic and/or heterocyclic rings in the long-chain aliphatic structure

of this kerogen.

This structural interpretation, based on kerogen oxidative degradation prod

ucts, corroborates the definition of the chemical nature of type I kerogen based

on atomic H/C-O/C ratio4-5, outlining a substantially aliphatic structure with

low content of polyaromatic nuclei and heteroatomic bonds.

The general findings in the degradation of the type I Green River shale

kerogen, observed in this paper, were similar to those described earlier2-3, obtained

in the study of the kerogen from another sample of Green River shale, which,

however, according to H/C-O/C ratio could also have been classified as type I

kerogen. Similar ranges and yields of the main degradation products were ob

tained from both shale samples. Nevertheless, some differences were observed.

For example, keto-acids, aromatic acids and branched dicarboxylic acids were

absent in the oxidation products obtained in this work. The observed differences,

however, may be a consequence of somewhat different experimental conditions

used in the two studies.

The fact that 13C NMR studies of the Green River shale samples have in

dicated the presence of a significant amount of aromatic carbon6-7 suggests that

aqueous solutions, remaining after extraction of oxidation products, should be

searched for aromatic acids or any other kerogen oxidation products which might

have been soluble in water.
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In conclusion, experiments with kerogen of type I suggest that saturated

high molecular mass open-chain acids are the main oxidation products, obtained

in very high yields upon controlled oxidative degradation. Alkane-tri- and alkane-

-tetracarboxylic acids, as possible oxidation products of isolated alicyclic and/or

heterocyclic structure, are obtained in much smaller yields. Variations in the

yields of some other minor oxidation products, such as branched dicarboxylic

acids and keto-acids, may be expected, particularly when different experimental

conditions are used.
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H3BOfl

BHUIECTEnEHA JIFTPAJTALUIJA KEPOrEHA THITA I nOMOTiy AJIKAJIHOr PA-

CTBOPA nEPMAHTAHATA

MHPJAHA •BOP'BEBH'E, ANDRE AMBLES* H OTATOMHP BHTOPOBH-R

XemujcKu uncummyui npupogHO-MauieMauiuwoi ipaKyAiuema YHueepmiueuia y Eeoipagy u HXTM,

Eeoipag, u *XeuujcKU uHcmumym Jlpupoguo-uauieuaiuuHKoi fyaxyAiueiua YHUfiepsuuieuia y Iloa-

uiujey , <t>pawu,ycKa

y oKBiipy npoyMaBaH>a o^Hoca H3Mehy cTpyicrypHor rana KeporeHa ■ kojiothhc h npH-

pOfle H.HXOBIIX OKCHflaqHOHHX npOH3BOfla, HCnHTHBaHH Cy, KBajIHTaTKBHO H KBaHTHTaTHBHO,

npoH3BOHH BHiuecTeneHe (25 CTynaeBa) flerpaaaimje ajmajiHUM nepiwaHraHaTOM KeporeHa Tana

I H3 jeflHor y3opKa Green River-mxpiubua H3 Kojiopaaa. JIoohbch je bhcok npaHoc aerpa-

flamioRHx npoH3BOfla (76,38% pa^yHaTo Ha nojia3Hy KOJiHHHHy Keporeaa): 0,86% HeyTpajrajoc

h 6a3HHX npo«3BOfla, 24,32% KHcejiHHa pacTBopHHX y eTpy h 51,20% CTajio>KeHHX KHcejiHHa,

HepacTBopHHx y eTpy. Ha^eHo je fla ciwece KHcejiHHa pacTBopHHX y eTpy, Kao h pacTBOpHH npo-

H3BOAH flo6nBeHH flajbOM KOHTpojiHcaHoiw ,nerpa,naun )om CTajiMKemix KHcejiHHa, campjKe, Kao

rjiaBHe OKCHflauHOHe npon3BOfle, 3acuheHe Hopiwajme Ce— C34 a,co-jnn<ap6oHCKe khccjihhc

h Cio— C34 MOHOKapooHCKe KHcejiime. 3ana>KeH je 6ho h npiuioc ajmaH-TpuKapooHCKHX (Cs— C14)

II ajiKaH-TeTpaKap6oncKHX (Cio— Cu) KHcejima. HsonpcHomme KHcejnnie (C14— Cm, H3y3eB

Cis) ao6HBeHe cy y ,waH>oj kojiiwhhh. IIpeMa TOMe, irpw BHmecTeneHoj flerpa^amijH hcitjith-

BaHor KeporeHa rana I noniohy aJiKaraior pacTBopa nep.MaHraHaTa /jo5nBeHe cy sacHhcHe Hop-

Majrae anndpaTHMHe KiiceJiHHe flyror HH3a Kao raaBHH oKCHflaiwoHH npoH3BOfl, ca Ma&HM ko-

RmuaaMa ajiKaH-nojiHKap6oHCKHx KHcemiHa Kao iworyhHHX OKCHflamioHHX npoiMBOAa ajnwH-

kjiiwhhx h xeTepomiKJiHMHHX CTpyirrypa.

(flprnvubeHO 5. cenreM6pa 1983)
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The rate of hydrolysis of the aspartyl-proline peptide bond, as well as of

the methionyl bond of pheasant hemoglobin was investigated. Two series of exper

iments were performed: in the first one the rate ot the Asp-Pro peptide bond

hydrolysis was controlled by N-terminal Pro determination and the Pro-peptide

isolation; in the second one the rate ot the methionyl-peptide bond cleavage by

cyanogen bromide was controlled by homoserine lactone determination. It was estab

lished that the Asp-Pro bond is being slowly hydrolysed with HCOOH at room

temperature, regardless of the presence of GuaHCl. Even after 12 h it was not

possible to identify Pro as the N-terminal amino acid. Hydrolysis, carried out

at 42°C, was much faster and reached a maximum (70 or 84%) after 72 h. Reliable

results were obtained through the cyanogen bromide cleavage of the methionyl

peptide bond, performed with a 50-fold molar excess of BrCN over the methionine

present, in 70% HCOOH, at room temperature, for 4 h (yield 84%). Due to the

low temperature and short reaction time, no Asp-Pro bond hydrolysis was de

tected. After a series of experiments with the separated, native and carboxymethyl-

ated chains as well as with the whole globin, a fast method was worked out for

quantitative separation, purification and identification of each of the eight cyanogen

bromide peptides. In that manner a method for rapid isolation of the overlap pep

tides which can be applied to other bird hemoglobins was introduced.

The isolation of overlap peptides, used for sequence check and smaller

fragments ordering over the protein molecule, is an important step in determining

the primary structure of proteins. For that purpose, methods which provide longer

fragments (20—50 amino acids) are particularly suitable. These fragments are

the result of the cleavage of the peptide bond formed from rare amino acids such

as : tryptophan, tyrosine, histidine1-4, methionine5-9 etc. The same can be achieved

by a limited acid hydrolysis10-12 or by the application of proteolytic enzymes.

In order to obtain pheasant hemoglobin overlap peptides — in view of the

fact that it contains 6 Met14-15 — we decided to apply cyanogen bromide cleavage5.

Since the conditions for cyanogen bromide cleavage differ from protein to pro

tein, the methods applied to the separation and purification of the produced pep

tides depend on their sequence. As the aim of this investigation was to find the

most suitable conditions for selective quantitative cyanogen bromide cleavage

of pheasant hemoglobin and the shortest possible procedure for the obtained

peptides separation and purification, and since cyanogen bromide cleavage is

always performed in strong acidic media in which hydrolysis of the sensitive Asp-

-Pro bond is possible, we have also studied the conditions of this bond cleavage.

665
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RESULTS AND DISCUSSION

Three genetic components of the hemoglobin and their a- and ^-chains

were obtained from the blood of adult pheasants {Phasianus cokhicus L.) accord

ing to the methods previously described14'15. In order to protect SH-groups,

aliquots of the isolated ai, an and ^-chains were carboxymethylated.15

All avian and mammalian hemoglobins investigated thus far at position

94—95 in a-chains and at position 99—100 in (J-chains, contain the Asp-Pro se

quence which can be hydrolysed in 80% formic acid10-12. As cyanogen bromide

cleavage takes place under the same conditions, the rate of the hydrolysis of the

Asp-Pro bond (of both native and carboxymethylated chains) was the first to

be studied. It was achieved by dissolving the proteins in 70% formic acid, adding

6 mol/dm3 GuaHCl to the number of samples and leaving the solutions in closed

vessels for 96 hours at 25° in one case, and at 42° in the other. Every 12 hours

the reaction course was controlled by N-terminal proline determination (accord

ing to the Dansyl method) in an aliquot of the reaction mixture. Chromatography

of the aliquot on Sephadex G-50 was also performed. After 12 h no N-terminal

proline was detected at 25°. Positive results were obtained from 24 h onwards.

It was determined by quantitative Pro-peptide separation that the Asp-Pro bond

hydrolysis developed a little faster in the presence of GuaHCl. After 96 h 38%,

i.e. 44% of Asp-Pro bonds was hydrolysed (Fig. 1).

The hydrolysis of the Asp-Pro bond at 42° was much faster. After 12 h

the presence of the N-terminal proline was detected. After 72 h the maximum

of Pro-peptide was achieved: 70%, i.e. 84% (Fig. 1). Analogous results were obtained

for the ai as well as for the (J-chain, testing both native and carboxymethylated

forms. On the basis of the results obtained we concluded that the reaction time

of cyanogen bromide cleavage should be shortened below 12 h, if possible, in

order to avoid Asp-Pro bond hydrolysis. On the other hand, in order to isolate

the C-terminal Pro-peptide, which turned out to be especially suitable for the

P-chains sequencing, satisfactory results can be obtained only when the chain

is incubated with 70% HCOOH in 6 mol/dm3 GuaHCl and then chromatographed

on Sephadex G-50 under condition given in Fig. 2.

The conditions most commonly used for cyanogen bromide cleavage are:

70% HCOOH or 0.1 mol/dm3 HC1 (rarely 70%, or anh. CF3COOH), temperature

20-30°, reaction time 20-24 h and excess of BrCN (30-300 mol). As hydro

lysis of the Asp-Pro bond is possible under these conditions, an attempt was made

to find conditions which would provide as good yields of cyanogen bromide pep-

 

8 3$ 75 60 72 3 * hours

Fig. 1. Yield of the cleavage ai

25 and 42° of the Asp-Pro bond

in the p-chain of pheasant Hb,

calculated after the analysis of the

aliquot of the separated peptides.

70% Formic acid in 6 mol/dm3

GuaHCl at 25° (7) and at 42°

(2); 70% Formic acid at 25° (J)

and at 42° (.4).
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tides as possible in the shortest possible reaction time. Investigations were made

with native ai-chain (which contains 4 methionines) and (3-chain (which contains

1 methionine). The concentration of the solution was 20 mg of protein per ml

70% HCOOH and 50-fold molar excess of BrCN over the methionine present.

Fig. 2. Separation of the Asp-Pro

bond hydrolysis products of the

(3-chain of pheasant Hb on a

Sephadex G-50 column (1.5x162

cm); eluted with 10% HCOOH

in 8 mol/dm3 urea; flow rate

S ml/15 min.

3K)nm\

2ft

Ifi

0.5

OJ

OJ

 

10 20 30 *0 fraction

The incubation was performed in a closed vessel, in the dark, at room temper

ature (22—24°) for 24 h. The course of the cyanogen bromide cleavage was traced

by homoserine lactone determination in aliquots taken each hour at the beginning,

and every 5 h later. Before sample application, in order to facilitate calculation,

all the homoserine was converten into homoserine lactone by applying the Ambler

method16-17. As the obtained results showed that in both cases the cyanogen bro

mide cleavage was completed in 3—4h, subsequent incubations were performed

in 4 h, which enabled us to avoid Asp-Pro bond hydrolysis. In the case of native

globin, 0.02% (3-mercaptoethanol was added into the reaction mixture in order

to avoid oxidation of sulphhydryl groups and the aggregation of the obtained

peptides (Fig. 3).

 

10 21 hours

Fig. 3. Yields of the homoserine

lactone calculated after the cya

nogen bromide claevage of oci (•)

and p-chain (o) ot pheasant Hb

As the main purpose of our experiments was to isolate and purify all cyanogen

bromide peptides in the most economic way, the whole globin (without previous

separation of genetic components, a and p-chains) was used as the starting mate

rial. The peptide mixture obtained after cyanogen bromide cleavage under the

given conditions, which was expected to contain 8 peptidees according to the

amino acid analysis, was chromatographed on Sephadex G-50 and 5 fractions

were identified. These fractions were heterogeneous and, according to the N-ter-

minal amino acid analysis, contained at least 2 to 4 peptides (Fig. 4). That was

why all the obtained fractions were rechromatographed. The purity of the obtained
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fractions was controlled by Baglioni paper chromatography, high voltage electro

phoresis, N-terminal amino acid determination, and amino acid analysis. For

the purpose of identification, the following methods were utilized: spot test for

histidine, tyrosine, arginine and tryptophan; manual Edman N-terminal sequence

determination and comparison with tryptic peptide sequences.

 

Fig. 4. Separation of the cyanogen

bromide peptides of the native

globine from pheasant Hb, on the

Sephadex G 50 column (2.5 x 78

cm + 1.5 x 180 cm); eluted with 6

mol/dm3 AcOH in the presence

of 0.02% p-mercaptoethanol ; the

flow rate was 3.9 ml/20 min; ex

tinction recorded at 578 nm after

alkaline hydrolysis.

By rechromatography of the fraction I on Sephadex G-50 with 6 mol/dm3

GuaHCl, two large peptides, auBCn and (3BCn, were obtained (Fig. 5). Rechro-

Fig. 5. Rechromatography of the

fraction I on a Sephadex G-50

column ( 1 . 5 x 1 70 cm) ; eluted with

6 mol/dm3 GuaHCl in 6 mol/dm3

AcOH in the presence of 0.02%

[3-mercaptoethanol ; the flow rate

was 2 ml/20 min; extinction re

corded at 578 nm after alkaline

hydrolysis.

 

matography of the fraction II on SP-Sephadcx yielded medium size peptides:

(3BCi and aiBCn (Fig. 6).

5flJnnJ
 

2 t 6 8 10 12 It IS IS

Fig. 6. Rechromatography of the

fraction II on a SP-Sephadex C-25

column (0.9 x 21 cm); eluted with

gradient 0.5 — 1 mol/dm3 pyridine-

-formate buffers pH 5.0—6.0; the

flow rate was 4.8 ml/10 min; ex

tinction recorded at 578 nm after

alkaline hydrolysis

The four small peptides left, aiBCi, aiBCm, aiBCiv and kiiBCi, were

isolated by preparative paper chromatography of fraction V. The yield of all the

peptides was satisfactory (about 80%) with the exception of ajBCm (about 50%),
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ue to the previously reported stability of the Met-Ser bond17. The isolated cyano-

en bromide peptides were identified on the basis of d .ta given in Tables I and

I. As the purity of the isolated peptides is 90—98%, they are suitable for se

quencing.

rABLE I. Amino acid composition of the purified cyanogen bromide peptides of pheasant

haemoglobin

aiBCi aiBCu aiBCiu aiBCiv auBCi anBCii SBC, &BCu

Analysis Sequence A S A S A S A S A S A S A S

Lys 3.2 3 3.5 4 1.3 1 2.6 3 2.6 3 8.5 9 2.4 2 8.6 9

His 0.9 1 1.8 2 1.8 2 0.8 1 1.2 1 8.2 9 1.2 1 5.5 6

Axg 1.0 1 1.3 1 1.2 1 0.9 1 1.3 1 2.4 2 2.1 2 2.7 3

Xrp 0.8 1 2.5 3 0.7 1

Cys — — — — 0.9 1 — — — — 1.5 2 0.9 1 1.3 2

Asp 2.3 2 6.4 6 4.2 4 2.4 2 3.1 3 8.6 8 4.6 4 9.5 10

Thr — — 2.8 3 — — 1.2 1 1.1 1 7.1 8 2.8 3 4.1 3

Ser 0.8 1 3.6 4 2.8 3 1.7 2 0.8 1 6.6 6 3.8 4 4.9 4

Glu 8.6 8 3.5 3 3.4 3. 2.4 2 4.1 4 5.8 5 5.6 5 6.2 6

Pro — — 2.7 3 1.0 1 1.2 1 — — 4.2 5 3.2 3 2.8 3

Gly 1.2 1 4.8 4 — — 1.3 1 2.9 3 6.8 6 4.6 5 5.0 3

Ala 5.7 6 3.6 4 2.4 2 4.9 5 6.0 6 12.2 11 7.4 7 9.2 9

Val 0.8 1 3.5 3 4.5 5 2.8 3 2.5 2 9.7 11 3.6 4 7.1 8

Met 1.2 1 1.0 1 1.0 1 — — 0.7 1 — — 0.9 1 — —

He 0.4 1 0.8 1 0.8 1 — — 1.7 2 5.4 6 2.6 3 3.6 4

Leu 2.3 3 3.8 4 5.5 6 2.3 2 1.9 2 13.1 13 6.6 7 10.1 11

Tyr — — 2.0 2 1.1 1 1.7 2 0.9 1 2.6 3 1.1 1 0.8 1

Phe 1.1 1 2.9 3 1.1 1 1.8 2 1.2 1 6.3 6 3.1 3 4.9 S

Sum 31.0 31 48.0 48 33.0 33 28.0 28 32.0 32109.0 109 59.0 59 87.0 87

TABLE II. Characteristics of the cyanogen bromide peptides of pheasant hemoglobin

N-ter-

BrCN peptides minal His Tyr Arg Trp N-terminal se- Overlapped tryp- Position in

amino quence tic peptides protein

acid

aiBCi Leu + + + -Leu-Asn-Ala- Ts-T« ■i 2-31

aiBCu Phe + + + - -Phe-Thr-Ala- T„-T,0 ■i 32-79

aiBCiu Ser + + + Ser-Glu-Leu- Tio-Ti, «i 80-112

a,BCiV Gly + + + — -Gly-Lys-Asp- Tn-Tu ■l 113-141

anBCi Val + + + - -Val-Leu-Ser- T!-T» KII 1-31

auBCn Phe + + + - -Phe-Ile-Thr- T4-Ti« ■II 32-141

0BCi Val + + + + -Val-His-Trp- Ti-Ts B 1-58

PBCn Val + + + + -Val-Arg-Ala- T.-Ti, 59-146

On the basis of the experiments performed, we may claim that a fast and

economical procedure is being introduced which can be utilized for obtaining

overlap peptides and is applicable to homologous hemoglobins of birds.

MATERIALS AND METHODS

Isolation of hemoglobin from blood of adult pheasant (Phasianus colchicus L.), a- and (i-

chains separation and carboxymethylation were performed according totthe methods previously

described14'1*.
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Asp-Pro cleavage: 200 mg of protein was dissolved in 100 ml of 70% HCOOH, or 70%

HCOOH/6 mol/dm3 GuaHGl. The cleavage was performed in a thermostated closed vessel

at 25° or at 42°, for 96 h. Every 12 h 1 ml of the reaction mixture was used for N-terminal amino

acid determination, according to the Dansyl method14,1', and 10 ml of the mixture were frac

tionated on a Sephadex G-50 column (1.5 x 170 cm) with 10% HCOOH in 8 mol/dm3 urea.

BrCN cleavage: 200 mg of native globin was dissolved in 10ml of 70% HCOOH con

taining 0.02% (3-mercaptoethanol, and BrCN in a 50-fold excess was then added. The cleavage

was performed in a closed vessel, in the dark, at room temperature, for 24 h. The course of the

cleavage was traced by homoserine lactone determination in aliquots taken each hour during

the first 5 hours, and later, after 10 and 24 h. For that purpose, 1 ml of the reaction mixture was

diluted with 10 ml of water, concentrated in the rotavapour and freeze-dried. After addition

of CFsCOOH, the solution was left at 20° for 1 h, diluted with water and lyophilized. After dis

solving in the buffer, it was applied on a short column of the Beckman Unichrom amino acid

analyser.

Alkaline hydrolysis: to 50— 200 yl ot each fraction 1 ml of 2.5 mol/dm3 NaOH was added.

The solution was hydrolysed at 100—105°. The cooled hydrolysate was neutralized with 1ml

of 30% CHsCOOH, and 1 ml of the ninhydrin reagent (6 g of ninhydrin + 2 g of hydrindan-

tin + 750 ml of Cellosolve + 250 ml of 4 mol/dm3 sodium acetate buffer, pH 5.5) was then

added. After heating at 100°, during 15 min, the extinction was recorded at 578 run.

Paper chromatography: For analytical purposes ascending chromatography on Whatman

N° 1 paper (16 x 18 cm) with the system: n-butanol — acetic acid — water (40 : 10 : 50) was

applied. The chromatogram was developed with 0.1% ninhydrin in ethanol at 100°. Spot tests

were performed: according to the Frank method for histidine20, Ascher method for tyrosine21,

Gottlieb method for arginine22, and Kleinschmidt and cowworkers method for tryptophan*3.

Preparative chromatography was performed on Whatman N° 3 paper (15 x 30 an) using the,

same eluent and reagents.

High voltage electrophoresis: 0.01—0.1 nmol of peptide mixture was applied on Whatman

N° 1 paper (36 x 56 cm) in shape of the line 1.5 cm long. Conditions used were: pyridine acetate

buffer pH 5.4, 3000 V, 60 mA, 2 h. After drying at 80° the same reagent applied for the chro

matogram development was used.

N-terminal amino acid determination, N-terminal sequence determination and amino acid

analysis were performed according to the previously reported methods14,15.

*
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nPHMEHA XEMHJCKHX METOflA 3A CEJIEKTHBHY IIAPHHJAJIHy XHJJPOJIH3Y

XEMOrJIOBHHA <PA3AHA (Phasianus colchicus L.)

EOJAHA H. TPyjH'E-HftAU, EHJBAHA B. ByUEJIHH h HATAJIHJA M. KPyDIHITR

XestujcKU uhtcuiuuiyui npupooHO-ntauien/auiuHKoi jtaxyAiueuia yuueep3uuieuia y Eeoipagy, u. up.

550, 11001 Eeoipag u Huduumyw. 3a xettujy, mexHOJioiujy u Memajtypiujy, Eeoipag

3a o;jpebiiBaii.e npHMapHe cTpyicrype npoTeHHa on; H3y3eTHor je 3Hanaja aoohbsac xa-

K03BaHnx npeKJionHHx nerrriiaa paflH npoBepe ceKBemje h pacnopena Ma&HX cJjpameHaTa yayrap

npoTenHCKor MoneKyjia. Y Ty cBpxy noceoHO cy norojrHe iweTOfle noMohy kojhx ce ,no6HBajy

BehH (pparMeHTH (20— 50 aMHHOKHcenHHa) . TaKBH (ppariweHTH ,no6nBajy ce pacKHvnufeeM nen-

THAHe Be3e Kojy rpaae Ma»e 3acTynn>eHe npoTeHHCKe ajwHHOKHCexiHHe (Trp, Tyr, His, Met),

Kao h orpamrieHa XHnpojiH3a noiviohy KHcemma hjih npoTeojiHTiwKHx eH3HMa. Paflii flo6nBa&a

npeKJionHHX nerrnma xeMorno6HHa iha3aHa oflnyqann cmo ce 3a GpoMUHjaHiguio paajiaraoe3,

c o63npoM fla Hb <pa3aHa caapmn yitynHO 6 Met14,15. Ycjiobh nop, KojnMa ce pa^H 6poMruija-

hhhho pa3^araa>e Bapnpajy on, nporeHHa flo npoTeiiHa, a MeTOAe 3a onnajaibe b npe^HinhaBaibe

flo6nBemix dpparMeHaTa 3aB«ce y MHoroiwe on ibHXoac ceKBeHue. Hhji> OBor pa^a je 6bo na ce
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Har)y HajnoBOJbHHjn ycnoBH 3a ccjickthbbo KBaBTHTaTHBHO 6poMimjaHHflHO paanaraae xejwo-

rjio6HHa (pasaHa h ihto Kpahu nyr 3a- oflBajaae h ripenHmhaBaH>e flooHBeHHX nenTHfla. KaKO

ce 6poMu>ijaHHAHO paanara&e yBeK paflH y KHcejioj cpeflHHH Mowe flohH h flo xHflpanH3e ocer-

JtMBe Asp-Pro Be3e, na cy npoyieHH h ycnoBH nofl Kojiuia ce Asp-Pro Be3a paanaxKe KOfl Hb-

-<pa3aHa. Bp3KHa XHflpojiH3e Asp-Pro Be3e npahena je oflpcftitBaihCM N-TepMHHajmor Pro ■

H30JiOBaH>eM Pro-nerrriwa. YTBprJeHO je fla ce Asp-Pro Be3a cnopo xHflpojiH3yje Ha co6hoj tcm-

eepaTypn, Taxo fla ce hh nocjie 12 uacoBa HHje Morao flOKa3aTH Pro Kao N-TeMHHajma aMHHO-

KHcejiHHa. XHflpojiH3a Ha 42° je 3HaTHo 6pwa h flocnoKe cBoj MaKCHiwyM nocne 72 iaca (cji.

1). O^BajaHie Tano aoGhbchhx nenrHfla c ycnexoiw je H3BpmeHo Ha Sephadex-y G-50 ca 10%

MpaBJbOM KHcejnraoM y 8 mol/dm3 Kap6aiwHjry (cji. 2). Ep3HHa pacKHflaH>a MeTHOHHJi-nenTHflHe

Be3e noMohy SpoMujijaHHfla npaheHa je oflpet)HBatt,eM xoMocepmuiaKTOHa y peaniiHOHoj ciwecH.

JIo6pH pe3yjrraTH flofjHBeHH cy paflehu y 70% MpaBJboj khccjihhh ca 50-CTpyKHM bhujkom

BrCN Ha coSho) TeiwnepaTypH y TOKy 4 naca (npHHoc 84%) (cji. 3). C o63HpoM Ha KpaTKohy

Bpeiwena h HHCKy TeivinepaTypy, npn pafly HHje saraxceHa xnflpojiH3a Asp-Pro Be3e. ITocne

HHsa orjiefla ca oflBojeHHM, hbthbhbm h Kap6oxcHiienuiOBaHHM hhsobmu, Kao h yKynmui

xeiworjio6HHOM, pa3par)eHa je MeTOfla 3a 6p3o h KBaHTHTaTHBHo oflBajarte cbhx ocaM 6poMimja-

hhahhx neirrima *!Hja je ^HCToha npoBepeHa h H3BpmeHa HfleHTHdwKainija. Kao nojia3HH *ta-

TepHjaji ynoTpe6ji.eH je yKynaH xej«orjio6HH ipaaaHa (6e3 OflBajaH>a KOMnoHeHan h HHaosa).

Ilocjie 6poMKHjaHHflHor pa3JiaraH>a cMeca flo6uBeHHX cpparMeHaTa oflBajaHa je Ha Sephadex-y

G-50 (cji. 4), a nojeflHHe cppaKUjije cy pexpoiwaTorpatpHcaHe Ha Sephadex-y G-50 y flHComj-

jatmOHoj cpeflHHH 6 mol/dm3 GuaHCl (cji. 5), SP-Sephadex-y (cji. 6) h npenapaTHBHOM xpo-

MaTorpa(pHjoM Ha xapTnjn. HucToha flooHBeHHX (JjpaKmija npoBepeHa je xpoMaTorpacpHjoiw

Ha XapTHJH, BHCOKOHanOHCKOM ejieKTp0(p0pe3OM, OApe^HBaH>CM N-TepiHHHajIHHX aMHHOKHCejiHHa

h aMHHOKHceJiHHCKOM aHajiH30M. 3a HfleHTud)HKamijy, nopefl Tora, nocjrywHJie cy h cnwr-pe-

aKUHje 3a His, Tyr, Arg h Trp, oflpeI)HBaH>e N-TepiHHHajme ceKBCHne MaayejiHOM Edman-

-obom iwcrofloivi h nopeljeHie ca ceKBeHuaMa tphjichhckhx nerrrHAa (Ta6ji. I h II). Ha onucaHH

HaiHH flaTa je 6p3a h eKOHOMHtHa iweTOfla 3a flo6HBaH>e npeKJiomnix nenTHfla Koja ce Moxce

npHiweHHTH, c o63Hpoi« Ha xoMojiorajy, h hb flpyre xeiviorjiooHHe rrrHua.

(IIpHMAeHO 6. cenreiudpa 1983)
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The absolute configuration of the cM,cts,cM-bis(aminocarboxylato)dinitroco-

baltate(III) ion containing glycine, S-alanine, S-valine and S-leucine, respectively,

has been studied. On the basis of the stereoselective effects noticed during the

synthesis of these complexes and by means of their molecular models, as well as

by the analysis of their CD spectra, the A absolute configuration was tentatively

assigned to all isolated (—)ss»-CM,cw,ett-diastereomer8, as well as to the (+)ss>-

-enantiomer with coordinated glycine.

In our previously published paper1 the synthesis and geometrical isomerism

of the ci'5,a'5,a'j-bis(aminocarboxylato)dinitrocobaltate(III) complexes containing

glycinato (gly), S-alaninato (S-ala), S-valinato (S-val) and S-leucinato (S-leu)

ligands, respectively, have been described. Continuing our investigations, in this

work we undertook the task of determining the absolute configuration of the

obtained optically active cis,czi,cis-isomers.

EXPERIMENTAL

Thi optically active cw,cw^:w-bis(aminocarboxylato)dinitrocobaltate(III) isomers were

prepared according to our previously described procedures1.

Chromatography oi the investigated iscmers was carried cut in the way described in our

previously published paper1, and the intensity measurement of the developed spots was done

on a Beckmann Analytrol Model RB densitometer.

CD spectra were measured on a Roussel-Jouan Dichrograph, Model CD 185. The meas

urements were carried out with aqueous solutions having a concentration of 0.01 g/10 cm3.

RESULTS AND DISCUSSION

In order to study the absolute configuration of the as,«'j,tt5-bis(anunocarbox-

ylato)dinitrocobaltate(III) isomers we investigated first the stereoselectivity of

the reactions which were used for their preparation in our previously published

paper1. Such effect is expected because of the fact that these isomers contain op

673
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tically active aminocarboxylato ligands (except for the case of inactive glycine).

As can be seen from the following results, a stereoselectivity has been found.

Namely, it was established by means of quantitative paper chromatography that

in the course of the reactions between sodium hexanitrocobaltate(III) and S-ala-

nine, S-valine, and S-leucine, respectively, two diastereomeric products in the

reaction solution exist. But the amount of one diastereomer is about twice that

of the other. Moreover, the diastereomers which are present in the solution in

a smaller amount are during attempted isolation isomerized to the most stable

cisQfOz), rra«j(N)-isomer. On the basis of all aforesaid one can conclude that

one out of two diastereomers of the cis,cis,cis-isomer of the bis(aminocarboxylato)-

dinitrocobaltatefll I) ion has an energetically more favourable absolute configuration.

In order to find out which one is this, we have studied the corresponding

structural models. On the basis of this study we deduce the following conclu

sions:

1. There exists in both diastereomers one alkyl group directed toward the

voluminous nitro group (Fig. 1). These groups are close in both diastereomers.

Consequently, it is not probable that these interactions are the reason for the

established reaction stereoselectivities;

 

Fig. 1. Molecular models of the cis,cis,

cii-bis(S-aminocarboxylato)dinitrocobalt-

ate(III) isomers.

2. In the diastereomer of A absolute configuration the alkyl group connected

with the second aminocarboxylato chelate is directed toward the relatively small

carboxylic oxygen belonging to the first chelate. Contrary to this, the same group

in the A diastereomer is directed toward the more bulky amino-group. Because

of that, one would expect that the steric interaction between the alkyl group and

oxygen is smaller in comparison to the interaction between the same group and

the amino group. On the basis of this, we tentatively assigned the A absolute con

figuration to the diastereomers which predominate in the reaction solution, and

the A configuration to the other diastereomers which are formed in smaller yield.

This assumption is supported by the facts obtained by comparing the CD

sPectra of the isolated diastereomers with the CD spectrum of the analogous cis,

"**>«XC,N,0)-A-(+)^-[Co(CN)2gly2]- complex2*. As can be seen in Fig. 2,

the isolated diastereomers show in the region of the first spin allowed d-d

^ * „The rule for using Cotton effects to compare configurations might be stated as: if.

s; *na|ogous compounds, corresponding electronic transitions show Cotton effects of the same

are t v compounds have the same optical configuration. Analogous compounds for this purpose

tije ,en as those with the same symmetry properties, the same electronic configurations, and

ame relative electronic energy levels"3.
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transition of the cobalt(III) ion a positive CD peak, which is near to the position

of the absorption maximum, with a smaller peak of opposite sign at longer wave

length. This implies a splitting of triply degenarate electronic state. Con

trary to this, in the CD spectrum of the a's,a'j,a's(C,N,0)-A-(+)^-[Co(CN)2gly2]~

complex2 the high energy CD peak has negative sign, and the Cotton peak at the

500 400 Mnm) 3333 ^

cis-cis-ds 

15 ' 20 25 5(cm-') 30 39

Fig. 2. Electronic absorption and CD spectra of the cij,cw,cw-bis(amino- ■■

carboxylato)dinitrocobaltate(III) isomers and CD spectrum of the dicy-.

anodiglycinatocobaltate(III) ion*.

lower frequency exhibits positive sign. This means that this complex has opposite

i absolute configuration to that of the isolated cis,cis,cis-(—)589-[Co(N02)2Am2]~

diastereomers*, which is in agreement with our assumption that the isolated

diastereomers have A absolute configuration.

Finally, the tentative absolute configuration of the enantiomers of the cis,

cj's,«j-diglycinatodinitrocobaltate(in) ion was assigned by comparing their CD

spectra with the ones described above. Namely, there is no stereoselective effect

during the preparation of this complex, due to the absence of glycine optical ac

tivity. As can be seen in Fig. 2, the glycine complex enantiomer which rotates

the plane of polarized sodium light to the right exhibits a positive Cotton effect

of the dominant peak (in the region of higher energy), similarly to the above de

scribed diastereomers which predimonate in the reaction solution. On the basis

of this, we tentatively assigned the A configuration to this enantiomer, and the

A configuration to the opposite one.

* AmH = Amino acid
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H3BOA

AnCOJIYTHA KOH4>HryPAimjA OITTHMKHX H30MEPA cis, eis, ew-BH C<AMHHO

-KAPBOKC31JUTO>OTHHTPO-KOBAJITAT(Iir>KOMnjrEKCA

CJ1ABKO M. HBimfB

PygapcKO-leoMuucu $axy/iuieui ytaitepiumeuia y Eeolpagy

riBTAP H. PAJWBOjmA ■ MHJIEHKO B. ^EilM!

XeuujcKU UHcmumyui npitpogno-MauietiauiwKof faxyjuueuia ymieepsuuieuia y Eeoipagy

HcmrrKBaHa je anconynia KOHdnrrypainija cw^w-ew^HC-(aMmo-Kap6oKCHJmTo)-flHHHTpo-

-Ko6ajrraT(III)-joHa kojh caapxac ivihuhh, Shumbxh, S-bsjihh, oahocbo S-jieymra. Ha ocHOBy

cTepeocenexTHBHHX ed>eKaTa yoneHjnt y TOKy CHBTC3e thx KOMiuieKca h noMohy MOJieKyjicKHX

MOjjena, rao h aiiajiHaoM h>hxobhx CD cneicrapa, npeTnocraBJMHO je j& cbh aoohbchh (—)s»-

-eu-cu-cu-AH)acTepeoMepH, Kao h (+)ss»-eHaHTHOMep ca KOop^HHOBaHHM tjoiuhhom, HMajy

A ancoJiyTHy KOBcpHrypamijy.

(TlpaaUfccao 12. cerrreM6pa 1983)
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The yields and monoterpenoid composition of the essential oils obtained from

Satureja horoatii Silic and Satureja subspicata Bartl. ex Vis. subsp. subspicata were

investigated. It was found that the former can be represented as a p-cymol — thymol

— carvacrol — bornyl acetate chemotype while the latter is a carvacrol — ter-

pinen-4-ol chemotype.

Thorough chemotaxonomic investigations require establishing a number

of determinants; those on the chemical composition of essential oils frequently

offer important information for such and related studies. In this respect, plants

of several genera of the Labiatae family were the subject of extensive investigations

for the purpose of recognizing the general pattern of the monoterpenoid compo

sition and also of establishing infraspecific variations1-5. Although plants of the

Satureja genus are widely distributed in Yugoslavia where they are represented

by nine species, five subspecies and seven varieties6, only the composition and

yields of the domestic 5. montana, subsp. montana, and 5. kitaibelii Wierzb. ex

Heuff. were investigated in greater detail7-9. As a continuation of these studies,

the yield and composition of the essential oils obtained from 5. horoatii Silic and

S. subspicata, subsp. subspicata were examined in this work. The former repres

ents an endemic species, fairly abundant in coastal and mountain areas of Mon

tenegro and Herzegovina, while the latter is found in southern Dalmatia and

northern Albania6.

EXPERIMENTAL

Plants were collected in full blossom (leaves and flowers only), and air-dried in shade

for 10 days. After having been ground, the plant material was steam-distilled fcr 2.5 h according

to the Clevenger method. The obtained essential oil was dried over anhydrous msgnesivm sul

phate, filtered and stored at +4° for further investigation.

Gas chromatographic analyses were carried out on a Varian Aerograph, series 1400, with

a flame ionization detector. Column: 3m x 2mm, 25% Carhpwax 20 M on Chromosorb W, 80/100

mesh, N2 carrier gas, temp, program 80— 240° at 2°/min., inj. temp. 260°. Authentic samples

were coinjected for identification of individual components.

RESULTS AND DISCUSSION

The data presented in Table I show that the yield of oil from 5. horvati'

Silic is much higher than that obtained from 5. subspicata Bartl. ex Vis., subsp
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TABLE I. Yields ot essential oil from 5. horvatii Silic and 5. subspicata Bartl. ex Vis. subsp.

subspicata

Species Location Collection time %

5. horvatii Silic Orjen 19 Sep. 1980 0.53

S. subspicata Bartl. ex

Vis. subsp. subspicata Mostar 19 Sep. 1980 0.19

subspicata, and also higher than that found for 5. kitaibelii Wierzb. ex Heuff9.

On the other hand, oil yields from both species under investigation are generally

lower than those reported for 5. hortensis and also for most populations of 5. mon

tana, subsp. montana3-*-10.

TABLE II. Monoterpenoids in 5. horvatii Silic and 5. subspicata Bartl. ex Vis. subsp. subspicata

Components % 5. horvatii Silic
5. subspicata Bartl. ex

Vis. subsp. subspicata

1. a-pinene 0.33 0.10

2. camphene 0.19 0.02

3. |3-pinene — 0.04

4. A3-carene 0.62 —

5. myrcene — • 0.41

6. />-cineole 0.28 0.03

7. limonene 0.14 0.75

8. 1,8-cineole 0.07 1.77

9. ocimene 0.03 —

10. Y-terpinene 0.60 2.01

11. p-cymene 27.58 0.67

12. menthone 0.11 0.38

13. linalool 0.26 0.41

14. lynalyl acetate — 0.29

IS. camphor 0.34 —

16. bornyl acetate 10.34 0.43

17. terpinen-4-ol 1.34 18.51

18. a-terpineol 4.64 7.30

19. geranyl acetate — 1.69

20. geraniol 0.34 —

21. thymol 27.43 0.51

22. carvacrol 17.75 58.12

The composition of the oil samples from the Satureja L. species under in

vestigation is presented in Table II. By GLC analysis, 39 components were re

corded in 5. horvatii Silic, the 19 identified representing 92% ofthe total oil sample.

In the oil sample of the other species, 33 components were recorded, with the

18 identified components representing 93%. As can be seen, 5. horvatii Silic

corresponds to a />-cymol — thymol — carvacrol chemotype, also characterized

by an unusually high content of bornyl acetate, while S. subspicata Bartl ex Vis.

subsp. subspicata is a carvacrol — terpinen-4-ol chemotype.

Consequently, neither of the two species corresponds to S. montana, subsp.

montana chemotypes which are found to be clearly differentiated, either as phe

nolic or terpene alcohol chemotypes8. It should be noted that some authors con

sider 5. subspicata only to be a variety of the polymorphic 5. montana L.u; our

results, however, are not in agreement with this suggestion, although definite
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conclusions require comparative studies on seasonal variations of the monoter-

penoid fraction composition in various Satureja species.

H3BO.Il

MOHOTEPnEHOH^H y ETAPCKOM yjty SATUREJA HORVATII SlLlC H

SATUREJA SUBSPICATA BARTL ex VIS. SUBSP. SUBSPICATA

MHPOCJIAB J. rAOIHTl h PAflOCJIAB nATCH-R*

XeuujcKU UHciuuiuyui IJpupogw-»iauieuauiuHKoi ipaKy.iiueiua y Eeoipagy u *XenujcKU UHciuuiuyui

npupogHO-MameMamwiKoi <j>aKyjtiueuia YHueepmiuema Kocoea, npmuwuua

HciiHTHBaH je cacTaB MOHOTepneHOHflHe cppaKinije h npwHoc eTapcKor ya>a Satureja

horvatii Silid h Satureja subspicata Bartl. ex Vis. subsp. subspicata. y rrpBoj BpcTH je noiwohy

racHe xpoMaTorpacpiije, ofl 39 peracTpoBaHHX KOMnoHeHaTa, HfleHTH<bHKOBaHO 19 (92%), hok

je y flpyroj Bpcm, ojs, 33 HfletrrHcpHXOBaHo 18 KOMiioHeHaTa (93%). 3a 5. horvatii Silid yTBp-

r)eHO je fla npeflCTaBJia p-u#MOji-THMOJi-KapBaKpoJi-6opHHJi aueTaTHH xeMOTHn, floK xeMoran

5. subspicata Bartl. ex Vis. KapaKTepmiie bhcok caapjKaj KapBaKpojia h TepnHneH-4-ojia.

(ITpHivubeHO 5. oKToSpa 1983)
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In the lead tetraacetate oxidation of cycloalkane-methanols (containing 5—15

ring carbons) intramolecular formation of n-oxabicyclo[(n-3).2.1]alkanes (where

n is the number of ring carbons in the starting alcohols) and ^-fragmentation are

two main competing reactions, whereby the ratio of the tricyclic ethers and (3-frag-

mentation products (olefins and acetates) depends on ring size, steric and confor

mational factors and transannular interactions. Cycloalkanemethanols containing

medium-sized rings (Cs— Cii) have been found to undergo exclusively or in large

predominance the ^-fragmentation reaction.

Primary aliphatic alcohols with hydrogen containing S-carbon and alkyl-

-substituted at the (3-carbon atom undergo 8-functionalization (usually in major

part by intramolecular tetrahydrofuran ring closure) and ^-fragmentation, when

treated with lead tetraacetate (LTA) in a non-polar solvent (preferably benzene2-4,

the ratio of these two competing reactions in alcohols with a secondary S-carbon

(i.e. S-methylene group) and tertiary p-carbon (i.e. one |3-alkyl substituent) being

about 78—80 : 22—20. Similarly, in cyclohexane-5, bicycloalkane-8-7 and polycyclo-

alkanemethanols7a-8-fl with a suitably oriented primary hydroxymethyl group,

permitting intramolecular 1,5-hydrogen abstraction from a 8-methylene group

(and 8-methyl or 8-methine group, too) in the intermediate alkoxy radicals, 8-

-functionalization, i.e. 5-membered cyclic ether formation, is also usually favoured

over (3-fragmentation (even when the (3-carbon is quaternary9b).

From the mechanistic course of these two reactions, observed in the LTA

oxidation of alcohols 1, and shown in Scheme 1, it can be seen that both processes

involve as key intermediate the common alkoxy radical species 2, which can sub

sequently undergo either (0 intramolecular 1,5-hydrogen abstraction and/or (it)

homolytic scission of the C(a)-C((J) bond2-4-10. In the first case (t) 8-hydroxyalkyl

radicals 3 are generated, which, upon one-electron oxidation, cyclize to tetra-

hydrofuran-type products 4, whereas in the second case (») the alkyl radical frag

ments 5, formed along with carbonyl fragments 6, also undergo predominantly

(in the presence of Pb(IV) and Pb(III) containing species) one-electron oxidation,

* Part 48 in the series „Reactions with lead tetraacetate". For Part 47 see reference 1.

** Address for correspondence: Department of Chemistry, Faculty of Science, Stu

ds ntski trg 16, P.O.Box 550, YU-11001 Belgrade, Yugoslavia.
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the resulting carbocation intermediates being finally converted, in major part,

to alkyl acetates 7 and/or olefins 8 (Scheme 1). (It should be noted that other

fragmentation products, derived from the carbon radical 5, such as saturated91,

dimeric2-11 and cyclic compounds7*-8"-12, and phenyl derivatives5, have been detected

too, but generally in minor amounts2-8.)

 

8 7 5 6 4

0- Fragmentation Cyclization

R(1"A,-H or alkyl

Scheme 1

The relative ease of cyclic ether formation (i) and ^-fragmentation (it) de

pends, for (0, on the fulfilment of structural and stereochemical requirements

necessary for intramolecular 8-hydrogen abstraction by the alkoxy radical 24-10,

and for (»), on the energy factors governing the |3-cleavage reaction, such as the

stability of the fragments (5 and 6) formed, relief of steric compression, decrease

of unfavourable interactions, entropy effects, etc.2-4-13.

In the present work we have studied the LTA oxidations of unsubstituted

cycloalkanemethanols (9) in which the hydroxymethyl group is attached to common,

medium and large carbocyclic rings, in order to establish the relative distribution

of bycyclic ether products (12) and (3-fragmentation products (14 and 15), and

thus, to determine the influence of various factors, such as ring size, conformation,

steric (transannular) interactions, etc., on the ease of intramolecular cyclization

and (3-fragmentation in these systems. The results, i.e. products (12, and 14 and

15) and yields, obtained in these reactions (when the LTA oxidations were per

formed with a 1 : 1 molar ratio of reactants in refluxing benzene for 4—18 hours,

i.e. until disappearance of tetravalent lead), are given in Table I, while the reaction

pathways leading to products (bicyclic ethers 12, and fragmentation acetates 14

and olefins 15) are presented in Scheme 2.

As can be seen from this Scheme, the first important intermediate species

in the LTA oxidation of cycloalkanemethanols 9 (« = 5— 15), under non-polar

conditions, are the corresponding cycloalkanemethyloxy radicals 10, which, when

possessing rings of common size (C5 and C6j n = 5 and 6), with the exception
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TABLE I. Distribution of intramolecular cyclization products and ^-fragmentation products

in the oxidation of cycloalkanemethanols with lead tetraacetate (see Scheme 2)a>

Cycloalkane- Cyclization (%) ^-Fragmentation (%)b> Ratio

methanol 9 „ Bicyclic Cycloalkyl Cycloalkenec> Total .„,.. , t-

^Scheme 2) ether i2 acetate 14 15 14+15 1Z/14 + 15

Cyclopentane S 0 24 6 30 0:100

Cyclohexaned>
6 si 10 Si 1 1 8.5:91.5

Cycloheptane 7 n*> 27 3 30 36:64

Cyclooctane 8 si 39 70 46 2:98

Cyclononane 9 0 45 60 51 0:100

Cyclodecane 10 0 18 49*> 67 0:100

Cycloundecane 11 5") 12 22«> 34 13:87

Cyclododecane 12 20h>
12 18"> 30 40:60

Cyclopenta-

decane IS 60") 12 8» 20 75:25

a) In addition to the products of ether ring closure (12) and (3-fragmentation (14 + 15),

other compounds isolated were: starting alcohol (10—20%), its acetate (up to 12%) and the

corresponding aldehyde (up to 6%).

b) (3-Fragmentation afforded usually, in addition to 14 and 15, small amounts (1-ca. 3%)

of the corresponding cycloalkane and phenylcycloalkane.

c) Low boiling point olefins were introduced, during the reaction, into a CCU solution

of Br2, and the resulting dibromocycloalkane isolated.

d) Taken from reference 12.

e) In the reaction of cycloheptanemethanol (9, n = 7) with the silver oxide - bromine

reagent14, the cis bicyclic ether 12 (n = 7) was obtained in 34% yield, and the starting alcohol

was recovered in 37% yield.

f) Z-Olefin.

g) Mixture ofZ and E isomers (in a Z\E ratio of ca. 1 :2.8 for n = 12, and 1 :3.7 for n = 15).

h) Of unknown cis-trans stereochemistry.

Pb(0Ac)4 A

(Crfl3»

9

 

(i)

Cyclization

 

'-3)
0
NCr&l

10 11 12

(»5% for n- 7,11,12,15)

^-Fragmentation

OAc

— to —-W
\Cp<3> Ncril3> NCr<3>

14 13

(for n -5.-15)

15

Scheme 2
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of C7 (n = 7), and of medium size (Cs, C9, C10, Cn; n = 8—11), undergo exclu

sively or in large predominance the (3-scission reaction, to give, via the cycloalkyl

radical fragments 13, the fragmentation cycloalkyl acetates 14 and cycloalkenes

15 (Table I). However, when the carbocyclic ring in the starting alcohol 9 is sev-

en-membered (n = 7) or of large size (« = 12 and 15), the intermediate cyclo-

alkanemethyloxy radicals 10 undergo both competing reactions (Scheme 2), i.e.

intramolecular 1,5-hydrogen abstraction (i) leading, via the 8-hydroxymethyl-

-cycloalkyl radicals 11, to the bicyclic ethers 12, and (3-fragmentation (it) to the

cycloalkyl radicals 13 with final formation of the corresponding acetates 14 and

olefins 15, whereby in the first two cases (n — 7 and 12) (3-scission (it) is favoured

over intramolecular cyclization (t), whereas with cyclopentadecanemethanol (9,

n = 15) internal ether ring closure (0 is considerably preferred (see Table I).

Since the intramolecular hydrogen abstraction step (i) with formation of

S-hydroxymethyl-cycloalkyl radicals 11 (Scheme 2) depends on the internuclear

distance between the carbon (8) attacked and the attacking radicalic oxygen and

on the orientation of the C(8)-H bond, the conformations of the carbocyclic rings

and their size have a predominant influence on the ether ring closure reaction10.

On the other hand, by homolytic C(a)-C(P) bond cleavage («) in the LTA oxi

dation of cycloalkanemethanols 9, a radical center is developed on the ring (3-

-carbon atom (13), whereby the ease of the (^-fragmentation reaction is therefore

only dependent on ring size, i.e. energy features (stability) of the cycloalkyl rad

icals 13, while the carbonyl fragment in all cases is the same (formaldehyde).

Therefore, as can be seen, both processes (1 and ii) involve the formation of rad

ical centers (11 and 13, respectively) on the ring carbon atoms by sp3-»-sp2 rad-

!calic conversion.

However, in spite of the radical course of the two reactions (0 and (it) in

their initial (and rate-determining) stages, the relative yields of p-fragmentation

products 14 and 15 (as reflected also, in part, by the ratios of bicyclic ethers 12

to acetates 14 + olefins 15), obtained in the LTA oxidation of cycloalkanemetha

nols 9 (Table I), are in good correlation with the rates of solvolytic reactions of

the corresponding cycloalkyl tosylates, involving carbenium ion species on the

cycloalkane ring (Figure l)15-17.

In solvolytic and related reactions involving sp'-^-sp2 (ionic) interconversion

on a ring carbon atom, it was found that steric energy changes involve various

interactions, such as compression of van der Waals radii, the distortion of bond

angles and bond opposition forces, all together known as Brown's /-strain15-17.*,

accompanying the heterolytic breaking of a bond to a ring carbon atom. In each

common, medium and large ring different /-strains exist, and, more general, differ

ent rates of sp3->-sp2 (ionic) conversion, as well as different stability of the cor-

respoding carbenium ionic intermediate species (Figure l)15-17.

By applying the /-s rain concept to the homolytic LTA ^-fragmentation

reaction of cycloalkanemethanols 9, it was found that here also, similarly to sol

volytic reactions of cycloalkyl tosylates, this strain, as a function of ring size, appears

to be a dominant factor controlling reactivity. Because of the largest /-strain in

medium-sized rings, considerably higher yields of ^-fragmentation products (14 +

15) were observed in the LTA reaction of cyclooctane-, cyclononane- and cyclo-

* /-strain = internal strain.
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decanemethanol (i.e. 46, 51 and 67%, respectively) than in the LTA oxidation

of cycloalkanemethanols containing a common ring (30% for cyclopentane, 1 1 %

for cyclohexane, and 30% for cycloheptane) or a large ring (30% for cyclodo-

decane and 20% for cyclopentadecane) (Table I, Fig. 1). These values are in

Fig. 1. The effect of ring size on the

^-fragmentation of cycloalkanemethanols

(9) in the lead tetraacetate reaction (A,

yields in %, taken from Table I), and

on the rate of acetolysis of cycloalkyl

tosylates (O, relative rates, taken from

refs 15 and 16). (* 2-Methyl-l-nonanol

(18); 4= 4-heptyl tosylate).

general agreement with the relative acetolysis rates for cycloalkyl tosylates, which

were found to be (with respect to cyclohexyl tosylate solvolysis rate taken as 1)

191 for C8, 172 for C9, 380 for Cio, 14 for C5, (1 for C6), 25.3 for C7, 3.2 for C12,

and 2.2 for C15 (Figure I)15.16. In both reactions the cycloundecane ring (Cu) appears

to exhibit less /-strain than other medium size rings, since the LTA oxidation

of the corresponding Cn-methanol 9 (n = 11) gave only 34% of fragmentation

products (14 + 15), and the acetolysis rate of cycloundecyl tosylate was about

7.5 times slower (relative rate 49) than that of the 10-membered ring tosylate15-16.

Therefore, it follows that the sp3->-sp2 interconversion on a ring carbon

atom has a similar effect on reactivity, i.e. change of /-strain factors, whether

this conversion is radicalic (Csp» = carbon radical) or ionic (C8p" = carbocation),

and that in both cases (homolytic — LTA (3-fragmentation, present study ; het-

erolytic — solvolysis, previous investigations15-17) alike arguments can be used

to explain15'18 the difference in reactivity, i.e. the results obtained, in the series:

carbocyclic rings from C5 to C15.

It should be noted that the fragmentation acetates 14 and olefins 15 are

(in major part) not formed directly from the alkyl radical fragments 13 (see Scheme

2), but, as shown in Scheme 3, upon formal one-electron oxidation, via pathways

proceeding by ligand transfer and/or electron-transfer processes and involving

probably organo-lead intermediates 16 and/or carbenium ion species 17. As can

be seen from Table I, cycloalkyl acetates 14 were the major p-fragmentation prod

ucts in all cases except in the LTA oxidation of cyclodecane-, cycloundecane-

and cyclododecanemethanol 9 (« = 10, 11 and 12, respectively), when the corre

sponding cycloalkenes 15 were predominant. This was particularly true in the

case of cyclodecanemethanol 9 (« = 10), which underwent p-fragmentation to
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give a high ratio ofcyclodecane to cyclodecyl acetate (15/14 = 73 : 27), probably as

the result of considerably more /-strain relief (including transannular interactions)

in the sequence 9-*13->-15 (CBpi->-Csp»->Csp»=Csp«, at the ring C-atoms)

than in the process 9-*13->14, the latter requiring the less favourable double

interconversion : Csp«->Cgpi->-Csp» at the ring C-atom.

As to the competing LTA intramolecular cyclization reaction^ i.e. 8-hy-

drogen abstraction by the cycloalkanemethyloxy r dicals 10, followed by ether

ring closure (pathway i, Scheme 2), it can be seen from Table I that in the case

of cycloalkanemethanols 9 containing a cyclopentane (n = 5), cyclohexane (n = 6)

or medium ring (n = 8—11), this reaction (i) is completely or nearly completely

suppressed. This is due, either because the optimal distance of 2.4—2.7 A4-10

between the hydroxylic oxygen and S-carbon for 1,5-hydrogen transfer in radical

10 cannot be attained (cyclopentane ring), or that such a distance can be achieved

only in conformation(s) with the energetically unfavourable „axial" or „intra-

 

17 15

16-*-14 and 17-^14 may also

take place,.by reaction with AcOH

Scheme 3

annular" hydroxymethyl group, this increasing the /-strain in the molecules.

(It should be noted that this position of the hydroxymethyl group is not a pre

requisite for the LTA (3-fragmentation reaction in the same cycloalkanemethanols

9)12. However, in the case of cyc'oalkanemethanols 9 containing a cycloheptane

ring (n = 7) or large ring (« = 12 and 15), the LTA oxidation afforded the bi-

cyclic ethers 12 in 17, 20 and 60% yie'd, respectively (Table I). In the 7-membered

ring the barrier to pseudorotation in the preferred skew or twist chair confor-
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lation is only about 9.2 kj/mol18, so that the hydroxymethyl group in cycloheptane-

lethanol (9, n — 7) can relatively easily attain a „pseudoaxial" position permitting

-hydrogen abstraction and ether ring closure. In the stable conformations of

tie 12-membered ring {e.g. the „square" conformation18) and particularly 15-mem-

ered ring18 in cyclododecanemethanol (9, « = 12) and cyclopentadecanemethanol

9, n = 1 5), respectively, the hydroxymethyl group can be located in a relatively

omfortable „equatorial" position and still be part of a ^awc/ie-butane type segment,

Uowing intramolecular cyclization. In general, because of considerably reduced

-strain, it appears that cyclododecanem thanol (9, n = 12), to a lesser extent,

nd particularly larger ring cycloalkanemethanols 9 (n > 12), such as cyclopenta-

lecanemethanol (9, n = 15), behave towards LTA similarly to open-chain fJ-

alkyl substituted aliphatic alcohols2'3, such as 2-methyl-l-nonanol (18), which,

CH3(CH2)6-CH-CH3 + CH3(CH2)6-CH-CH3 ♦

CH2OH CH3(CH2)r^K 6Ac

18 19 20

(75%, cis* trans) (5%)

+ CH3(CH2)6CH=CH2 + CH3(CH2)5CH*CHCH3

21a 21b

(4.5%) (6.5%.E+Z)

Scheme t

when treated with lead tetraaceta e in refluxing benzene, afforded (Scheme 4)

the cyclization product 2-pentyl-4-methyltetrahydrofuran (19.. probably cis-trans

mixture) in 75% yield, and the fragmentation products 2-nonyl acetate (20) in

5% yield and 1-nonene (21a) and 2-nonene (21b, E-Z mixture) in about 11%

yield (4.5 + 6.5%), the ratio of cyclization to (3-fragmentation being about 83 : 7.
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EXPERIMENTAL*

Gas chromatography (GC): Varian Aerograph instrument, Series 1400 (flame-ionization

detector) for analytical purposes; Varian Aerograph instrument, Model 700 (thermistor detector)

for preparative separations; the columns consisted of Carbowax 20M, XE 60, OV 225, OV 101

or TCEP, adsorbed on Chromosorb P or Chromosorb W (3—20%); carrier gas H» or Ar. IR

* Spectral measurements (IR, lH-NMR, mass) were performed in the Laboratories for

Instrumental Analysis of the Chemistry Department at the Faculty of Science (directed by Prof.

D. Jeremic).
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spectra: Perkin-Elmer Spectrophotometer, Model 337; W-NMR spectra: Varian Spectrometers

A-60A (at 60 MHz, in CCU) and FT-80 A (at 80 MHz, in CDC13). Mass spectra: Varian-Atlas

MAT CH-5 spectrometer. Fractional distillations: semimicro and micro Vigreux columns.

Starting alcohols

The cycloalkanemethanols used as substrates were either commercial products (cyclo-

pentane-, cyclohexane-, cycloheptane-, cycloundecane- and cyclododecanemethanol), or pre

pared by one of the following methods: (a) cycloheptanone(+ dimethyloxosulfonium methylide,

MesSO)18 methylenecycloheptane oxide -» (+ LiAUtyAlCU 1:4, EtsO)20 -» mixture of pri

mary alcohol (major product) and tertiary alcohol -» (separation by fractional distillation) -»

cycloheptanemethanol (9, n = 7); (b) cyclooctanone (+ dimethyloxosulfonium methylide, Mer

SO)" -► methylenecyclooctane oxide -♦ (+ BFs. Et20, EtjO)18 ->• cyclooctanecarboxaldehyde

-» (+ Ag20, H2O)21 -» cyclooctanecarboxylic acid -* (+ LiAlH4, EtsO) -» cyclooctanemethanol

(9, n = 8); (c) cyclodecanone (+ Br2, CCU, day-light) -> 2-bromocyclodecanone -♦ (+ NaOMe,

MeOH — Favorski rearrangement)24 -» cyclononanecarboxylic acid2* -» (+ LLAIH4, EtsO)

-» c>clononanemethanol (9, n = 9); (d) chlorocyclodecane (+ Mg, EtsO) -» Grignard reagent

■+ (+ COs, EtsO)23 -<• cyclodecanecarboxylic acid23 -► (+ L1AIH4, Et20) -» cyclodecanemeth-

anol (9, n = 10); (e) cyclohexadecanone (+ Br2, C8H(i/Et20)M -> 2,16-dibromocyclohexa-

decanone -» (+ NaOMe, CjHe)34 -* 1-cyclopentadecene-l-carboxylic acid methyl ester -» (+

H2/Pt02, EtOH) -» cyclopentadecanecarboxylic acid methyl ester -» (LiAlH4, EtsO) cyclo-

pentadecanemethanol (9, n = 15); (f) 2-nonanone (+ NaCN/H2S04) -» corresponding cyano-

hydrin -» (+ POCI3, benzene-pyridine 1:1) -» 2-methyl-2-nonenenitrile (and 2-methylene-

nonanenitrile) (+ NaOH, HaO/ethylene glycol) -» 2-methyl-2-nonenoic acid (and 2-methyl-

enenonanoic acid) -» (+ CH2N2, EuO) -* corresponding methyl esters -+ (+ Hs/PlOt, EtOAc)

-♦ 2-methylnonanoic acid methyl ester -» (+ LLAIH4, Et20) -» 2-methyl-l-nonanol (18).

All starting alcohols (i.e. substrates) had correct spectral characteristics.

Oxidations of cycloalkanemethanols with lead tetraacetate

Cycloalkanemethanols (9) were oxidized by means of lead tetraacetate in refluxing benzene

as previously described4. The separation and isolation ot the oxidation products was earned out

by gas chromatography or column chromatography, and their identification and characterization

was effected by IR, 1H-NMR and mass spectroscopy and by comparison with authentic com

pounds synthesized independently. (All the fragmentation cycloalkyl acetates 14 and the ace

tates of the starting cycloalkanemethanols were prepared from the corresponding alcohols and

acetic anhydride in pyridine; the fragmentation cycloalkenes 15 were either of commercial origin,

received as gift or prepared according to reported procedures26, whereby their IR and 1H-NMR

spectra were discussed earlier18.)

Bicyclic ether products 12. — 6-Oxabicyclo(3.2.1)octane (cis-12, n — 6), obtained in about

1% yield in the previously described LTA oxidation of cyclohexanemethanol (9, n = 6)12, bad

spectral (IR, 1H-NMR) characteristics reported elsewhere26.

7-Oxabicyclo(4.2.1)nonane (cis-12, n = 7) was produced from cycloheptanemethanol (9,

n = 7) in 17% yield; IR (film): vm« 1070 cm"1; ^-NMR: 8 1.15-2.35 (1 1H, complex m with

a max. s at 1.51), 3.65 (2H at C-8) m), 4.30 (1H at C-6, broad d) ppm; Mass: m\z 126 (M). In

the reaction of cycloheptanemethanol (9, n — 7) with the silver oxide/bromine reagent, carried

out by the procedure described previously14, the bicyclic ether 12 (n = 7) was obtained in 30%

yield.

11-Oxabicyclo(8.2.1)tridecane (12, n = 11) was formed in 5% yield from cycloundecane-

methanol (9, n = 11); 'H-NMR: 8 1.15-2.20 (17H, complex m with a maximum j at 1.50),

3.35 (1H at C-12, m), 3.9-4.3, m with superimposed t (/ x 7.5 Hz) at 4.04 (2H, one at C-10

and one at C-12) ppm; Mass: m\z 182 (M). (Unknown cis-trans stereochemistry.)

12-Oxabicyclo(9.2.1)tetradecane (12, n = 12), of unknown cis-trans stereochemistry, was

obtained from cyclododecanemethanol (9, n = 12) in 20% yield; IR (CCU): vm„ 1045; 1H-NMR:

8 1.2-1.9 (21H, complex m with a maximum s at 1.44), 3.23 (1H at C-13, r, J x 8 Hz), 3.8-

4.25, m with a superimposed t (J x 8 Hz) at 3.95 (2H, one at C— 11 and one at C— 13) ppm;

Mass: m\z 196 (M), 178, 165, 152, 135.

15-Oxabicyclo(12.2.1)heptadecane (12, n = 15), of unknown cis-trans stereochemistry,

was produced from cyclopentadecanemethanol (9, n = 15) in 60% yield; IR (film): vm„ 1050
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1070 cm-1; 'H-NMR (80 MHz): 8 complex m with a maximum centered at 1.35 (27H), 3.23

(1H at C-16, t, J a 7.5 Hz), 3.8-4.25, m with superimposed t (7 « 7.5 Hz) at 3.95 (2H, one

at C — 14 and one at C— 16).

2-Pentyl-4-methyltetrahydrofuran (19, probably cis-trans mixture) was obtained in 75%

yield from the LTA oxidation of 2-methyl-l-nonanol (18); IR (film): Vni«x 1053, 1020 cm-1;

'H-NMR (80 MHz): S 0.85-2.5 (17H, complex m), 3.35 (1H at C-5, m), 3.95 (2H, one at C-2

and one at C— 5, m).

H3BOa

HHTPAMOJIEKYJICKA miKJIH3AHHJA H P-<X>PATMEHTA1JHJA I1PH OJIOBO-TE-

TPAAUETATHOJ OKCHflAUHJH UHKJIOAJIKAH-METAHOJIA

5KHBOPAH MEKOBPTB, EPAHHCJIAB MYmHUKH, JOBAH EOHIHiAK H

MHXAHJIO Jb. MHXAMJIOBH'B

XeuujcKU UHciuuiuyui npupogno-MaiueuauiuuKoi tjxixyAuieuia ymteepzuuieuia y Eeoipagy u Mh-

ciuuiuyiu 3a xeuujy, iuexHOjwiujy u tueiuajtypiujy , Beoipag

npn onoBo-TeTpaaueTaTHoj OKCHAaunjH mucnoanKaH-iweTaHOJia (ca 5—15 yrjbeHHKOBHX

aTOMa y npcTeny) Bpme ce flBe rjiaBHe KOHKypeHTHe peaiatHje: HHTpaMOJieKyjicKo CTBapaH>e

n-OMca6HUHKJio[(n— 3).2.1]ain<aHa h p-cpparivieHTauHja, npn Me*iy oflHoc 6huhkjihmhhx eTapa

. npejvia (3-cbparMeHTamioHHM npoH3BOflHiwa (ojied)HHHMa h aqeTaTHMa) 33bhch ofl BenmHBe np-

crreHa, CTepHux h KOHcpopMaitHOHHX cpaKTopa h TpaHcaHynapHHX mrrepaKinija. Hal)eHo je

ce KOfl mucnoaiacaH-MeTaHona Kojn caflpwe cpe^ibe npcTeHOBe (Cg—Cn) Bpum HCKJbyiHBO

hjih y BejiHKOM BHiuKy p-djparjweHTauHOHa peaKiwja.

(IlpHMjbeHO 14. OKTo6pa 1983)
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The fruit bodies of the edible mushroom Agaricus bisporus (L) Sing. S-56

were investigated tor polysaccharide content and structure. The trichloroacetic acid

extract was found to contain three polysaccharides: a neutral glucan, an acidic

glucan and a heteroglycan composed principally of D-glucose and D-galactose.

The investigation of the neutral glucan has shown it to be a branched a-D-glucan

composed of (1 -» 6)- and (1 3)-linked D-glucopyranose units, the first of

them being in preponderance. The branching units are joined through O-l, 0-3

and 0-6.

There are numerous informations on polysaccharides of higher fungi of

Basidiomyce es group, largely with reference to the skeletal polysaccharides. The

common feature of all members of Agaricales investigated is the presence of oc-

and (3-D-glucans primarily with (1 -> 3)- or (1 -> 3)- and (1 -*■ 6)-linkages1-10.

However, there have been only a few reports on the structure of A. bisporus poly

saccharides, one of them dealing with the hyphal chemistry and architecture11

and the two other reporting the structure of an alkali-soluble wall glucan12-13.

The present paper reports the isolation of a glucan from the fruit bodies of Aga

ricus birporus (L) Sing. S-56 and the result ; of the structural study on it.

The polysaccharide material was extracted from the freeze-dried fruit bodies

of A. bisporu< (L) Sing. S-56 with trichloroacetic acid followed by fractional precip

itation with methanol. Two fractions were obtained. Fraction A, precipitated

at a 50% concentration of methanol, was found to contain only D-glucose. Fraction

B, precipitated at 75% concentration of methanol, gave D-glucose, D-galactose

and some acidic component on acid hydrolysis. Fractional precipitation of copper

complexes of B yielded three subfractions (B f-i> B f-2 and B f-s)> the first two

being heteroglycans and the third an acidic glucan (see Scheme I)

The crude polysaccharide fraction A had a high optical rotation, [oc]d + 130.5°

(sodium hydroxide) suggesting the presence of oc-D-linkages. This was confirmed

by the i.r. spectrum which displayed absorption bands at 930, 850 and 770 cm-1

characteristic for equatorial Ci-H i.e. ac-D-linkages. The crude fraction A was

methylated by the Hakomori procedure14 to give a fully methylated product (no hy-

rdroxyl absorption bands in the i.r. spectrum), the large part of which was chlo-

ofjrm-Jtt racrable, whereas the smaller one could be extracted from the reaction

691
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mixture with ether only. The chloroform-soluble fraction had [a]n + 114.2°

(chloroform) and the ether extractable material had [oc]d + 39° (chloroform),

indicating the polysaccharide fraction A to be probably a mixture of two compo

nents. The major component with higher optical rotation was further investigated.

GENERAL ' SCHEME 0? ISOLATION AND FRACTIONATION OF POLYSAC

CHARIDES FROM Agarlcue bigporue fruit bodies

fruit bodies

1+ 3* TCA ( 5°0 )

XOA extract

la) cone.

|b) + CH30H ( to 50* )

Precipitate
 

CHjOH ( to 75* )

Lpitate

Traction B (2;2jf)

Precipitate

Traction Bp ^

+ M NaOH

♦ Fehling. sol.

nitrate""" """""precipitate

Lo^OB Traction B^

nitrate

[+O2P5OH ( td 50* )

nitrate"*^ ^ Precipitate

( discarded) Traction Bp ,

On acid hydrolysis of this product, 2,4-di-, 2,3,4-tri-, 2,4,6-tri and 2,3,4,6-tet-

ra-O-methyl-D-glucose were detected by g.l.c, in a molar ratio of 1:8:1:1. The

presence of these four methyl ethers was confirmed by paper and thin-layer chro

matography, although 2,4,6-tri- and 2,3,4-tri-O-methyl-D-glucose overlapped

partially in some solvent mixtures. The structural features indicated by the pres

ence of these methylated D-glucose compounds are shown in Table I.

The glucan thus contained a mixture of (1 ->6)- and (1 ->3)- linked D-

-glucopyranose residues with branching through the position 0-6 of (1 3)-

-linked units or through 0-3 of (1 -> 6)-linked units or both. As 2,4-di-O-methyl-

-D-glucose was the only di-O-methyl-D-glucose detected by g.l.c, p.c. and t.Lc,

the presence of other branch points was thus excluded. Equimolar quantities

of 2,3,4,6-tetra- and 2,4-di-O-methyl-D-glucose from the polysaccharide that

was essentially fully methylated were detected in proportions that indicated a

branch point for every eleven D-glucose residues.
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TABLE I. Hydrolysis products from the methylated neutral glucan from Agaricus bisporus (L)

Sing. S-56

Vlethylated glucose as G.l.c. Approximate molar Mode of linkage

ilditol acetate (T)» proportionsb

2,3,4,6-Tetra- 1 1 Glcp-(1 -»

2,4,6-Tri- 1.80 1 -»3)-Glcp-(l -►

2,3,4-Tri- 2.20 8 -►6)-Glcp-(l

2,4-Di- 4.20 1 -»3, ->6)-Glcp-(l -♦

a) Retention time relative to l,5-di-0-acetyl-233,4,6-tetra-0-methyl-D-glucitol; b) values were

corrected by e.c.r. factor [Carbohyd. Res. 40, 217 (1975)]

The presence of non-reducing terminal or (1 -> 6)-linked, and (1 ->3)-

or (1 -> 3, 1 -> 6)-linked D-glucose residues was confirmed by the detection

of glycerol and D-glucose in the hydrolysate of periodate-oxidized glucan, de

graded by the Smith procedure15. A small quantity of erythritol was also iden

tified. The values found for the consumption of periodate (1.37 mol) and the

release of formic acid (0.58 mol) per hexose residue are in reasonable agreement

with those expected from methylation data (1.63 and 0.8, resp.). The small dis

crepancy could be ascribed to insufficient purity of the polysaccharide prepa

ration A. The presence of erythritol, however, remains to be explained, since

it might be of structural significance if not arising from admixed impurities.

In conclusion, it may be stated that A. bisporus fruit-body glucan is a branched

a-D-glucan, the glucose units of which are joined by (1 -*■ 6)- and (1 -> 3)-link-

ages. Branching occurs through 0-6 of (1 -> 3) linked glucose residues and/or

through 0-3 of (1 -*■ 6)-linked glucose units. Thus the polysaccharide has a su

perficial resemblance to the known Agaricales polysaccharides, but this polysac

charide differs distinctly from the others in the basic chain which is primarily

(1 -> 6)-<x-D-glucan with 9% of (1 -*■ 3)-bonds. On the basis of these results

it is possible to suggest the alternative structures shown in Fig. 1 as being the

most probable basic structures of A. bisporus fruit-body glucan.

[-> 6)-oc-D-Glcp-(l]x -» 3)-a-D-Glcp-(l -► 6)-a-D-Glcp-(l -+

3

T

or Glcp-1

[-» 6)-a-D-Glcp-(l]x -» 3)-a-D-Glcp-(l -+ 3)-a-D-Glcp-(l

6

T x< 8

Glcp-1

Fig. 1. Proposed structure for the neutral glucan from A. bisporus (L) Sing. S-56

EXPERIMENTAL

General methods. Evaporations were carried out under reduced pressure at temperatures

not exceeding 40°C. Paper chromatograms were run on Whatman ffs, 1 paper, using the follow

ing systems (v/v): (A) ethyl acetate — pyridine — water (2.5 : 1 : 2.5); (B) 1-butanol-ethanol-

-water (4:1 : 5); (C) 1-butanol — pyridine — water (6:4:3) and (D) 2-butanone saturated

with water. Thin-layer chromatography was performed on silica gel H (Merck) plates with (E)
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benzene-acetone (1 : 1) and (F) 1-butanol — acetic acid — ethyl ether — water (9 : 6 : 3 : 1J

Sugars were detected with p-anisidine hydrochloride14, silver nitrate-sodium hydroxide17 and

50% sulphuric acid (t.l.c). Sugar determinations were made by using gas liquid chromatography

(g.l.c.) of alditol acetates1* and partially methylated alditol acetates". G.l.c. was performed on

a Varian Model 1200 instrument, using 3% OV-225 on HP Chromosorb W at 170 and 200°.

The retention times of partially methylated alditol acetates are relative to that of 1,5-di-O-acetyl-

-2,3,4,6-tetra-O-methyl-D-glucitol. Optical rotations were determined at room temperature

(20—22°) with a Perkin-Elmer 141 MC polarimeter and i.r. spectra with a Perkin-Elmcr Model

421 spectrophotometer.

Isolation of the glucan. The freeze-dried fruit bodies of Agaricus bisporus (L) Sing. S-56

(38 g) (produced in Kolubara, Junkovac, Serbia; mycelial material purchased from Somycel,

France) were dipped in 3% trichloroacetic acid (570 ml) and the mixture kept at 5° overnight

and filtered. The filtrate was concentrated to about one half of the original volume (rotatory

evaporator, below 35°) and the polysaccharide precipitated with an equal volume of methanol.

The precipitate was separated by centrifugation, washed successively with methanol and etber

and air dried; yield 1.53 g (Fraction A). The filtrate, after separation of A was treated with an

equal volume of methanol i.e. to a final 75% concentration of methanol, when fraction B pre

cipitated; yield 0.83 g. On hydrolysis fraction B gave rise to D-glucose, D-galactose and some

acidic component (probably uronic acid) whereas D-glucose was the sole component in the hy-

drolyzate of A (p.c, solvent A). Fraction B was dissolved in M sodium hydroxide and treated

with Fehling solution followed by gradual precipitation with ethanol. Three subtractions were

obtained, Br-i which separated as insoluble copper complex, Bf-2 which was precipitated at

30% concentration of ethanol, and Bf_s which separated in 50% ethanol. Bf_i and Bf-s

on acid hydrolysis gave D-glucose, D-galactose and some uronic acid (p.c, solvents A and C),

whereas the subtraction Bf_s was found to be composed of D-glucose and some slow moving

component, probably uronic acid.

Fraction A was dissolved in water (1% cone.) and mixed with an equal volume of 2%

solution of cetyltrimethylammonium bromide („Cetavlon"). Since only slight opalescence ap

peared, the crude fraction A was used for further investigation.

Methylation analysis. The polysaccharide (400 mg) was dissolved in dimethyl sulphoxide

(40 ml) and treated with methylsulphinyl carbanion solution prepared by dissolving sodium ,

hydride (1.45 g) in dimethyl sulphoxide (25 ml)14. The mixture was stirred under nitrogen 3 h '

at room temperature, and meth>l iodide (3 ml) was then added. The mixture was then stirred

3 h, diluted with water, dialyzed and extracted successively with chloroform and ether. The

extracts were evaporated to dryness and the procedure of methylation repeated with each extract

separately. The chloroform extractable fraction, Ai, had[a]p + 114.2° (c 0.28, chloroform),

and the fraction As, obtained by extraction with ether, had [a]^ + 39° (c 0.18, chloroform). \

Both methylated products displayed no hydroxyl absorption in their i.r. spectra.

The methylated product Ai was treated for 1 hwith 90% formic acid at 100°. After evap

orating formic acid under reduced pressure, hydrolysis was continued in sulphuric aci d (0.25

mol/dm8) at 100° overnight. After neutralization (barium carbonate) the hydrolysate was deion-

ized and concentrated to a syrup. A part of the hydrolysate was then examined by p.c. an" t.Lc.

in solvents B and D and E, respectively. For g.l.c. the mixture of methylated sugars (1 m8) was

reduced in water solution with sodium borohydride (10 mg) for 2 h, deionized with Dow'x 50

(H+) and concentrated in the presence of methanol20. The partially methylated alditols were

then acetylated with a mixture of acetic anhydride and pyridine (1 : 1) for 10 min. The acetylated

product was then diluted with water and extracted with chloroform and subjected to g.l.c. The I

results are summarized in Table I.

Periodate oxidation. The dried polysaccharide fraction A (120 mg) was oxidized with

0.1 mol/dm* sodium periodate (100 ml) at room temperature in the dark. Aliquots were removed

at intervals for estimation of periodate and formic acid15. The oxidation was completed after

two days, and the periodate consumption was calculated from analytical data by extrapolation i

to zero time. The polysaccharide consumed 1.37 mol of periodate with concomitant release of

0.58 mol of formic acid per hexose residue. The oxidized polysaccharide was then degraded by

the Smith procedure21. The solution of polyalcohol was evaporated to dryness, hydrolysed with

sulphuric acid (1 mol/dm3, 8 h, 100°) and neutralized with barium carbonate. The precipitated

salts were removed by centrifugation and the solution was then evaporated to dryness. One part

was examined by p.c. (solvent C) and the other by g.l.c. of derived alditol acetates18. The pres- ,

ence of glycerol, glucose and a smaller quantity of erythritol was detected.
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H3B0JI

CTPYKTyPHE CTYflHJE ITOJIHCAXAPHflA H3 JECTHBHX TJBHBA. I. rVryicaH H3

Agaricus bisporus-z (L) Sing. S-56

MHPJAHA XPAHHCABJbEBH'R-JAKOBJBEBH'B, JEJ1EHA MMJI.KOBH'E-CTOJAHOBH'K,

BEPA riABH'R 11 MHPOCJIAB BPBHTV

XeMujcKU UHciuumym IIpupogno-MauieMauXuMKOi 4>axyAiueiua YHuaepauwewa y Eeoipagy, u. up.

550, 11001 Eeoipag, u Huciuuuiyui 3a xenujy, mexuojiolujy u Me&aaypiujy, Eeoipag

HcriHTHBaH je cacTaB ii CTpyKrypa nojincaxapiw H3 n.ioflHHqa jecTHBe rjtHBe Agaricus

bisporus (L) Sing. S-56. EKCTpaKuajoM no.Mohy TpHMopcHpheTHe KHcenime ii30JionaHa je

CMeca nojiiicaxapnaa H3 Koje cy (ppaKunoHHcaH>eM A"o6HBeHa rpn nonncaxapHfla: HeyrpaJiHii

rjryKaH, KHcejiH rjiyKaH h xeTeporjiHKaH npeTOKHO cacTaBJbeH ofl D-nryK03e h D-rajiaKT03e.

HcnHTHBaiteftj cTpyicrype HeyTpajnior rjiynaHa yTBpr)eH0 je aa je to paMBacTH a-D-rjiynaH

koa Kora cy rjryK03HH ocTami noBe3ami (1 -» 6)- h (1 -» 3)- rjiiiK03HflHiiM Be3aiua. MojiapHH

oflHoc obhx THnoBa rjryK03HHX jeAHHMia je 8 : 1 . PaiBaite nojiucaxapHAa ce Bpiun npeno no-

jioiKaja 0-3 (1 -» 6)-Be3aHHX D-rjryKonHpano3HHX ocTaxaKa hjivi npeKo nojioMcaja 0-6 rjiyKO-

niipaH03imx jefliiHHiia ca (1 —» 3)-rjim<o3HAHHM Be3aMa.

(IIpHMJBeno 14. OKTo5pa 1983)
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The carbonylation of di-(jL-acetatobis(2-methoxycyclooct-5-enyl)dipalla-

dium(ir) (i-OAc) in methanol has been investigated under mild experimental condi

tions. The mechanistic implications of stereospecific formation of methyl trans-8-

-methoxy-4-cyclooctenecarboxylate (4), as a major product, confirm that the methoxy

group has an exo and palladium endo configuration in the starting organometallic

adduct. Substantial amount? of primary oxidstion products, such as 4-cyclooctenone

(J) and 2,5-cyclooctadienyl methyl ether (<$), arising from (3-elimination of hydrido-

palladium acetate (HPdOAc), were identified. A minor amount of unsaturated car-

bonylated product, methyl 4-cycolooctenecarboxylate (7) was also found, which is

the result of readdition of palladium(II)hydride species to 1,5-cyclooctadiene (formed

by the deoxypalladation-reverse reaction of oxypalladation), followed by carbon

monoxide insertion.

In recent years, there has been a large number of studies related to the car

bonylation of some a-palladium(II) complexes 21-5, formed by the reaction of

diene-palladium(II) ^-complexes 1 with various nucleophiles (Nu), as is repre-

2<5>C + 2

i

[ = chelating dienes such as 1,5-cyclooctadiene, norbornadiene,

^-|| dicyclopentadiene, 1,5-hexadiene

NU = "OR 6, "CH(C00R)2 7, RCOCHCOR' 8, "OAc 9, "N? 10, "OH n,

12
primary amines

sented by the general equation given above. Although the insertion of carbon mon

oxide into the carbon-palladium o-bond is well known13-14 we were especially in

terested to study this reaction, because little attention has been devoted so far to a

critical examination of competing reaction path involving a-palladium complexes 2.

Hu
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In addition, the stoichiometric carbonylations are of special interest with respect

to the carbonylation reactions of chelating dienes, catalyzed by palladium(II]

salts. Therefore, we investigated the carbonylation of di-(i-acetatobis(2-methox-

ycyclooct-5-enyl)dipalladium(II) (5-OAc) in methanol, in order to get better

insight concerning the possible intermediates and individual steps of catalytic

carbonylation of dienes such as 1,5-cyclooctadiene, 1,5-hexadiene, norbomadiene

and dicyclopentadiene15. The a-bonded palladium(II) complex 5-OAc was pre-

 

3-X (X - OAo, CI)

pared from 1,5-cyclooctadiene-palladium chloride r-complex and silver acetate

in absolute methanol as a solvent9. The starting Tr-complex6-18 is easily obtained

by treatment of the corresponding diene with disodium tetrachloropalladate17 in

acetone or alcohol. The methoxy adduct 5-OAc was subsequently allowed to

react with carbon monoxide in methanol at room temperature. Contrary to the

high CO pressures usually employed1-2, here the carbonylation was carried out

at only 200 kPa. The slightly yellowish solution turned black nearly immediately

(1—2 min) upon introduction of carbon monoxide, but the reaction was con

ducted for prolonged period of time (24 h). On the basis of measured palladium

metal that was recovered (100%), the reaction goes to completion. The reaction

mixture which was analyzed by gas chromatography, consisted of four components

4— 7, which were separated by preparative gas chromatography.

 

pOgCHj

6

2-OAc 2* h' ***' Major (68*) (18*)

ft 5

OCH5

6 ■

§

The structures of the major compound 4* and other compounds 5—7 were

determined by ir, JH nmr and mass spectroscopy. In addition to that, retention

* The'carbonylation of the methoxy palladium adduct i-Cl gives under drastic experi

mental conditions the p-methoxy ester 4 as a single product in methanol4 (4000 kPa, 85 h, r. t.\

and 1,5-cyclooctadicne, its palladium chloride 7t-complex and organic product 4 in benzene1

(5000 kPa, 60°).

J + Pd(0)

(100*)

z



CARBONYLATION OF 1,5-CYCLOOCTADIENE -Pd(II) o- ADDUCT 699

times and spectra of collected gc peaks were compared with authentic samples

that were synthesized in independent ways. The total yield of organic material

(4— 7) calculated by means of a calibrated internal standard was 90%, whereas

the relative yields of four products were 68, 18, 8 and 6%, respectively.

Bearing in mind the well documented fact that in the complex 5-OAc, or

in similar Pd(II) or Pt(II) complexes9-18 the methoxy group is trans to the metal,

with the metal being endo and the substituent exo, the formation of product

4 can be rationalized as follows (Scheme 1). The palladium adduct 5-OAc forms

2-OAo

L » CO or CH,OH

L

CO

qcH3

a
OAo

OCH„

^ ,OAc

CHjOH

H3CO C020H3

HPdOAc
COOCH,

I H

OCH,

</— OCH,
+ 5

1 //—-*• Pd—t-,c.

{ Scheme 1

an acyl palladium intermediate 8 via a penta coordinate palladium carbonyl com

plex13. Nucleophilic attack by methanol on carbonyl group of the acyl palladium

complex 8 gives rise to an intermediate 9, which decomposes to the unstable

hydridopalladium acetate and organic product 4 with presumably trans stereo

chemistry. In order to prove the stereochemistry of 4, one should synthesize spe

cifically methyl «s-8-methoxy-4-cyclooctenecarboxylate (4-cis) by another route,

and compare the gc retention time and spectrochemical data of 4-cis with relevant

data of the compound 4 obtained in the carbonylation reaction. We decided how

ever to prepare the corresponding saturated p-methoxy ester 12-cis instead,

because it is easier. Thus, the readily available 2-carbomethoxycyclooctanone (10)

was chosen as a starting substrate, due to its expected ease of conversion into

the CK-p-methoxy ester 12-cis stereospecifically, by selective reduction of the

ketone functionality, followed by alkylation of the (3-hydroxy ester 11-cis (Scheme 2).

0. COgCHj HO C02CHj

[reduction^ ^ ^ [alkylation ]^

HQ pOzCH3

 

10 11-cis.

ScHemo 2

12-cis

(vhen R.CHj)
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Accordingly, (J-keto ester 10, prepared in 90% yield by addition of cyclooctanone

into the suspension of sodium hydride and dimethyl carbonate in benzene1', was

subjected to low pressure hydrogenation with platinum oxide at 200—300 kPa

and room temperature. The gc analysis showed the presence of three components

and one of these, according to retention time was the starting material. Spectro-

chemical analysis of the two remaining products clearly proved the formation of

the ci's-(78%) and trans- (12%) p-hydroxy derivatives 11-cis and 11-irans. With

respect to the stereochemical outcome of the reaction, close inspection of models

shows that the preferential cis addition of hydrogens to carbonyl group should

take place from the less hindered side, which is the side away from the carbomethoxy

group (Fig. 1). The side of the bulky ester functionality is much more sterically

hindered. Nevertheless, such an unfavorable reaction pathway results in a 12%

yield of methyl rrani-2-hydroxycyclooctanecarboxylate (11-trans). For subsequent

transformation of the mixture of as-and trans-p-hydroxy esters 11 to the methoxy

derivatives 12, trimethyloxonium tetrafluoroborate20 was the reagent of choice.

A mixture of cw-(83%) and trans-(l4%) methoxy derivatives 12-cis and 12-trans

was formed, accompanied by 3% of the unreacted cw-p-hydroxy ester 11-cis.

Having synthesized the desired methyl ci5-2-methoxycyclooctanecarboxylate (12-cis),

we have unambiguously showed on the basis of respective retention times, ir and

nmr spectra that the isolated product 4, after reduction of the double bond, gives

rise to methyl frans-2-methoxycyclooctanecarboxylate {12-trans).

In addition to the trans-p-methoxy ester 4 as a main product from the car-

bonylation of the acetato-bridged methoxy-palladium adduct of 1,5-cyclooctadiene

J-OAc, the organic mixture consisted of 4-cyclooctenone (5), 2,5-cyclooctadienyl

methyl ether (6) and methyl 4-cyclooctencarboxylate (7). 4-Cyclooctenone (18%)

was identified by its reduction to saturated cyclooctanone and subsequent spectral

and gc data comparisons with those obtained for the standard sample of the

known saturated ketone. The structure of ether 6 (8 %) was determined in the

same way as the structures of other organic products. Thus, 2,5-cyclooctadienyl

methyl ether (6), isolated from the carbonylation mixture, was identical in all

respects with the standard sample synthesized according to the method developed

by Cope21. Anderson et a/.22 who reported compounds J and 6 among the products

of methanolysis of dichloro(l,5-cyclooctadiene)palladium(II) and its methoxy-palla

dium adduct 5-C1, showed that in the case of di-(x-chlorobis(2-methoxy-cyclooct-5-

-enyl)dipalladium(II) (5-C1), the reacting species is not the binuclear adduct itself,

^CATALIST

less eleotrou rspulsioa

Figure 1

 

'3
'OH
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but a methanol coordinated palladium intermediate 13. An interesting difference

between the experimental conditions of the methanolysis reaction and the condi

tions of the carbonylation is that the former takes place in refluxing methanol

 

OCH,

HOCH, _^"Vo

14

(ca. 68°) and the latter at room temperature (ca. 25°). One can conclude then,

that carbon monoxide catalyzes the oxidation of the organic ligand on palladium,

perhaps via a palladium carbonyl intermediate like 14. Consequently, the CO

ligand might be expected to stabilize palladium in the zerovalent state relative

to the divalent state, because of its ability to back bond, and thus reduce the activa

tion energy for heterolysis of the carbon-palladium a-bond. Hence, the mechanism

for the formation of ketone 5 is envisioned as a result of cis (^elimination to give,

via intermediate 15, first 1,5-cyclooctadienyl methyl ether (75) and hydridopalla-

dium acetate (Scheme 3). Reaction of vinyl ether 16 with traces of acid, generated

through the decomposition of hydridopalladium species, gives 4-cyclooctenone (5).

OCH. OCH, OCH,

OAo

14 15

H

f-*^i~CO

OAc

HOAo + Pd(O)

-HPdOAc .

-CO

Scheme 5

 

H*

-CHjOH

 

16

Similarly, a cis p-elimination of HPdOAc from the same precursor 14 is proposed

as a main step in the formation of 2,5-cyclooctadienyl methyl ether (6) (Scheme 4).

OCH, 

OAc

14

OCH,
 

Scheme 4

The last product of the carbonylation of the methoxy palladium adduct 5-OAc

to be discussed is methyl 4-cyclooctenecarboxylate (7). This compound was iden

tified by its spectral properties23 and hydrogenation to the saturated ester, whose

structure was confirmed by comparison of its spectral properties and its gc reten

tion time with the respective data of an authentic asmple. The mechanistic pattern

leading to the unsaturated ester 7 (Scheme 5) is postulated to occur via 1,5-cycloocta-

diene, formed by deoxymetalation of 3-OAc. In the next step 1,5-cyclooctadiene
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Scheme 5

reacts with a hydridopalladium(II) species, which is a product of the carbonylation

and oxidation reactions just discussed. The adduct 17 then undergoes carbonylation

as already described, yielding the final product 7.

EXPERIMENTAL

'H nmr spectra were recorded on Varian T-60 and Varian XL- 100 spectrometers; chemi

cal shifts are given in 8 ppm vrlues, the internal standard being Me4Si; the abbreviations for

multiplicity employed are s = singlet, d = doublet, t = triplet, q = quartet and m = multi

ples Infrared spectra (ir) were obtained on a Perkin-Elmer Model 283 spectrometer. Mass

spectra were obtained on an AEI MS-902 spectrometer. Gas chromatography (gc) was carried

out on a Loenco model 15 C — E and Hewlett-Packard model 775. Gc coulmns used for ana

lytical and preparative analysis were packed with 10% and 20% Carbowax 4000 on Chromo-

sorb W 60/80 mesh, non-acid washed. For higher temperatures Carbowax 20 M on Chromosorb

W 60/80 mesh, non-acid washed was used.

Preparation of palladium^ I) complexes. Dichloro(l,5-cyclooctadiene)pJladium(II) was

prepared by the published method of Chatt6. Di-(x-acetatobis(2-methoxycyclooct-5-enyl)dipalIa-

dium(II) (i-OAc) was prepared by the method of Anderson and Burreson". Disodium tetra-

chloropalladate was prepared by the procedure hescribed by Kauffman et a/.17

Stoichiometric carbonylation of di-\j.-acetatobis(2-methoxycylooct-5-enyr)dipalladium(ir) (3-

-OAc). The 8-palladium complex i-OAc (1.0704 g, 1.7 mmol) was completely dissolved in

170 ml of absolute methanol in a 250 ml hydrogenation bottle. The bottle was connected with

a Parr hydrogenation apparatus and filled with carbon monoxide from a ballast tank. The

carbon monoxide was CP grade — 99.5% pure. The solution was flushed a few times with ni

trogen and evacuated. Then, with constant shaking, carbon monoxide was introduced under

pressure (200 kPa) at room temperature. The rapid precipitation of palladium black occurred

(after few minutes), but the reaction was continued for 24 h. The methanol solution was fil

tered, and the metal residue washed with dry ether. The measured amount of palladium (0.38 g)

indicated quantitative decomposition of the starting S-palladium adduct (J-OAc). After

the work-up, the yellowish reaction mixture was analyzed by gas chromatography using a

3 m x 0.64 cm column of 10% Carbowax 4000 on non-acid washed 60/80 mesh Chromo

sorb W operated at 120' and 68 kPa. Gc analysis indicated the presence of four compo
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nents 4—7 with following retention times: 105, 22, 11.5 and 38 min respectively. The

organic mixture was then separated by preparative gc using the same column. The total yield

of the organic material calculated by means of an internal standard was 90%.

The major product (68%) was identified as methyl tranj-8-methoxy-4-cyclooctenecarbox-

ylate1 (•/): W max (CDCls): 8 5.57 (m,2H,HC = CH), 3.57 (s, 3H, COaCH3), 3.5 (m, 1H,

CHOCHa), 3.29 (s, 3H, OCH3), 2.8 (m, 1H, HCCO2CH3), 2.2 (broad m, 4H, allylic), 1.7 (broad

m, 4H, ring methylene protons) ; Ir (neat): 1735, 3020 cm-1; Mass spectrum: m\e 198 M+.

Three other products separated by gc were identified as 4-cyclooctenone28 (5) (18%">:

JH nmr (CDCls): 8 5.62 (m, 2H, HC = CH), 2.45 (m, 4H, CH2COCHs), 2.1 (m, 4H, allylic),

1.6 (m, 2H) ; Ir (neat) : 3020, 2904, 1705, 1465 and 750 cm-1; 2,5-cyclooctadienyl methyl ether22(6)

(8%): m nmr (CDCls): 8 4.95-5.6 (broad m, 4H, olefinic), 3.2 (s, 3H, OCH3), 3.6 (m, 1H,

CHOCHs), 1.8-2 (m, 2H), 1.2-1.7 (m, 4H); Ir (neat): 3030, 1090, 1210, 790 and 740 cm-1;

and methyl 4-cyclooctenecarboxylate2S (7) (6%): JH nmr (CDCls): 8 5.5. (m, 2H, HC = CH),

3.6 (s, 3H, CO2CH3), 2.6 (m, 1H, CHCO2CH3), 1.3-2.2 (m, 10H); Ir (reat): 3030, 2935, 1730,

1164 and 730 cm"1.

Catalytic hydnatirogeon of 2-carbomethoxycyclooctanonela {10) with Adams catalyst to form

methyl cis-2-hydroxycyclooctanecarbcxylate {11-cis). Dissolved in 3 ml of absolute methanol, 1.26g

(6.8 mmol) of 2-carbomethoxycylooctanone {10) was hydrogenated catalytically in the presence

of platinum oxide (45 mg) at room temperature at an initial pressure of 200— 300 kPa

using a Parr hydrogenation apparatus. After 15 h, 15 mg of fresh catalyst was added, and

hydrogenation continued for 2—3 h. The mixture was filtered by suction to remove the

catalyst, and after evaporation of the solvent the residiuc was analyzed by gas chromato

graphy on a 3 m x 0.64 cm column of 10% Carbowax 4000 on non-acid washed 60/80 mesh

Chromosorb W operated at 140° and 68 kPa. In addition to 10% of unreacted p-keto ester 10

(retention time 60 min), two other compounds were isolated (retention times 110 and 145 min)

by preparative gas chromatography and analyzed afterwards. The major compound (78%; reten

tion time 110 min) was identified as methyl cis-2-hydroxycyclooctanecarboxylate {11-cis): JH

nmr (CCI4): 8 4 (m, 1H, iTCOH), 3.75 (s, 3H, CO2CH3), 2.83 (s, 1H, CHOH), 2.6 (m, 1H,

HOCCHCO2CH8), 1.4-2.2 (m, 10H); Ir (neat): 3200- 3600, 1740, 1115 and 1040 cm"1.The

structure of the compound with the longest retention time (145 min) was established as the

corresponding methyl fram-2-hydroxycyc)ooctanecarboxylate ill-trans') (12%): JH nmr (CCI4):

8 4 (m, 1H, HCOK), 3.7 (s, 3H, CCfeCHs), 2.63 (m, 1H, HOCCHCO2CH3), 2.5 (m, 1H, CHOH),

1.4-2 (m, 10H); Ir (neat): 3200- 3600, 1740, 1120, 1040 cm1.

Alkylation of the 6:1 mixture of methyl cis- and trans-2-hydroxycyclooctanecarboxylate

{11-cis and 11-trans) with trimethyloxonium tetrafluoroborate20. The mixture (6: 1) of methyl cis-

and traw-2-hydroxycyclcoctanecarboxylate (11-cis and 11-trans) (1.6302 g, 8.7 mmol) was treated

at room temperature with 1.47 g (10 mmol) of trimethyloxonium tetrafluoroborate in 15 ml of

methylene chloride under nitrogen atmosphere for 24 h. Then, 25 ml of water was added to

the reaction nrxture, followed by 5% aqueous solution of sodium bicarbonate to make the

solution neutral. The organic layer was separated, and the aqueous layer extracted three times

with 10 ml portions of methylene chloride. The combined methylene chloride solution was

washed two times with 10 ml portions of water, dried with magnesium sulfate and then filtered.

The solvent was removed by simple distillation, and the residue analyzed by gc (3 m X 0.64 cm

column of 10% Carbowax 4000 on non-acid washed 60/80 mesh Chromosorb W operated at

140° and 150 kPa). The mixture showed the presence of two components in the nearly same

ratio (6 : 1), as that for the starting materials with retention times 30 and 38—9 min respectively.

The third component (3%) having the same retention time as methyl cts-2-hydroxycyclooctane-

carboxylate {11-cis) was found too. The major compound isolated by preparative gas chromato

graphy (83% retention time 30 min) was identified as methyl cj's-methoxycyclooctanecarboxylaie

{12-cis): iH nmr (CC14): 8 3.58 (s, 3H, CO2CH3), 3.62 (m, 1H, HCOCHs), 3.28 (s, 3H, OCH3),

2.6 (m, 1H, HCCOaCHs), 1.35-1.8 (m, 8H); Ir (neat): 2950, 1745, 1090 cm"1. The minor com

ponent (14%; retention time 38—9 mm) isolated also by preparative gc was identified as

methyl trans-2-methoxycyclooctanecarboxylate {12-trans) : JH nmr (CCU) : 8 3.36 (s, 3H, CO2CH3),

3.59 (m, 1H, HCOCHs), 3.25 (s, 3H, OCHs), 2.58 (m, 1H, HCCO2CH3), 1.2-1.8 (m,8H); Ir

-neat): 2970, 1740, 1085 cm"1.
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H3BOA

nPOH3BOOT KAPEOHHJIOBAIkA AUETATO-IIPEMOIiniEHOr

METOKCH-nAJIAJXHjyM AflYKTA 1 ,5-UHKJIOOKATAHHEHA

CURTIS B. ANDERSON

XeMujcKU UHC&uiuyw ynueep3uu7euia y Ka.iwpopuuju, Camua Eap6apa ,

CoHiiia Eapoapa, Ka.w$opHuja 93106, CAJ

H

PAflE MAPKOBHH

Xe.HujcKu UHciuuiuyui npupodHO-MauuMaiuwKoz 4>clk\.liueiua YmtficpMuieuia y Beorpady

KapooHHJioBaae flH-(i-aueTaTo6Hc(2-MeTOKCHUHKjiooKT-5-eHHJi)flimaJiafliijyMa(II) (3-

-OAc) y iwrr«HOJiy je npoynaBaHO no« G-'iarn.vi eKcnepHMeHTajmHM ycnoBHMa. MexaHHcnrace

HMiuiHKauHje cTepeocneun4)iWHor rpabeiba MeTiiJi-wfa«c-8-MeTOKCH-4-uHKnooKTan<ap6oKciL,Taia

(4), Kao rnaBHor npon3Boaa, noTBpbyjy fla mctokch-rpyna Hjvia ez3o h naJiafliijyM(II) eudo koh-

dmrypainijy y nojuufflOM opraHOMeTajmoM aflyKTy. HaeimicpHKOBaHe cy 3Hanie Ko.urmiHe npn-

MapHicc oKcmnauHomix npoH3BOfla, Kao mro cy 4-uhkjiooktch (5) h 2,5-uHKJiooKTaflHonmMCTH-

jieTap (6) kojh Hacrajy (3-e.iHMHHaunjoM XHflpHflonaJiaflHjyMaurraTa (HPdOAc), a TaKoJ>e je

Hat)eHa h MaH>a Kojunoraa HC3acHheRor KapooimnoBaKor npoH3Bo;ia, Menui-4-miKJiooKTeHKap-

6oKCHJiaTa (7), KojH HacTaje Kao pc3yjrraT peaoHmije xnApHsa njiaflHjyMa(II) Ha ) ,5-unKJiooKTa-

;ij!ch (Rarpa^eH ;ieoKcnnajia,ioBaH>eM-noBpaTHOM peaKunjoM OKCHnajia^oBatta), npaheHe yMcra-

H>eiw yrjMHMOHOKCttaa.

(ITpHMJieHo 8. cenTeM6pa 1983)
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Taochuk XeMujcxoi dpyiumsa Beotpad je zjiocuao Cpucxoe xeuujcKOz dpytuuisa,

XtuujcKoz bpyunuea Bojeoduue u jedmepeueHO nayvnu nacouuc 3a meopujcxy u

upUMefbeuy xejtujy yHwepmiuema y Eeoipady, Hoeoju Cady u Kpaeyjeeify u Mh-

cuiuuiyuia 3a xejtujy, xuexHOAomjy u Meuiajiypeujy, Eeoepad . JJeo wpoiutcoea

mmoMuana uacouuca uoKpueen je doupunoccM Peuyd/iuuxe 3ajeduuue nayxe Cpouje

u CaMoyupasHe umuepecue 3ajednuue 3a nayunu pad Bojeoduue

rnacHMK XeMHjcicor ffpymrw Eeorpaa o6jaB^>yjeMeceMHo opHTtraanHC mywe p&aoBC

H3 06jiaCTH TCOPHICKC H IIpHMCH>CHC XfeMHIC Ha CHTJICCKOM, HCMalKOM, pyCKOM, CpnCKOXpBaTCKOM

u 4>paHuycKOM je3HKy. PyKonHce y flBa npuMepna cnani 11a aapecy: Ilpocp.Cjio6oAaH PnoHHKap,

HHCTMTJT 3a <pH3Hm<y xeiuijy, npHpoflHo-MaTeiwaTHMKH (paKyjrreT, OryfleHTCKB Tpr 16, 1 1000.

LleHa roaminbc npenuiaTe to Hacoimc 3a qjiaHcme Hpynrraa iuhoch 200 a sa cryaeHTc
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The regioselective chlorination of aliphatic esters possessing a long alkoxy

or acyl unbranched chain by means of phenyliodine dichloride was achieved under

irradiation conditions. In nonpolar media the most favourable chlorination is in

the region from C7 to Cu (70% of the chlorinated products) for the Cis alkyl chain

with total conversion of startingjesters of up to58%. Similar width of the chlorination

region was also obtained in the reaction of methyl n-hexadecanoate and n-tetra-

decanoate with the same chlorination reagent. However, by using benzene — ethyl

acetate (10:1) as a solvent, chlorination predominantly takes place at Ct and Ca

positions.

The regioselective functionalization of nonactivated carbon atoms, involving

a free radical as intermediary species, is controlled by stereochemical and confor

mational factors1-3. High regioselective intramolecular functionalization was

achieved in conditions when geometrical and structural factors permit approaching

of the radicalic centre to only one proactivated carbon atom on the optimal distance

of about 0.25 nm which is necessary for hydrogen migration4-6. Several reactions

of this type involving alkoxy or nitrogen radicals, in which the most favourable

site for functionalization is the carbon atom at the S-position, were systematically

investigated4-9.

The concept of directed approaching of the highly energetical radicalic

species to the nonactivated C—H bond is not dependent on the number of atoms

existing between two centres involved but is only dependent on the distance of the

radicalic centre from the proactivated carbon atom3. So, directed functionalization

of the remote nonactivated carbon atoms involving ten- or larger-membered cyclic

transition states were achieved1 (and refs. cited therein). Pioneering work in the

remotely directed functionalization was done by Breslow1-10-12. By attaching

benzophenone or penyliodine dichloride moiety as an ester on the Caa position

of the steroid skeleton intramolecular regioselective functionalization of the remote

nonactivated C9 or Cu carbon atoms was achieved1. The distance between 3 a

oxygen and a certain hydrogen atom in a-position (9 or 14) was precisely determined

by molecular models and by selection of appropriate number of atoms to bypass

the benzophenone structure on the 3« oxygen, the carbonyl group of the benzo-

phenonic structure can be directed to certain remote hydrogen atom thus permitting

♦Adress for correspondence : Department of Chemistry, Faculty of Science, University of Belgrade,

Studentski trg 16, 11001 Belgrade, Yugoslavia.
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regioselective functionalization. The regioselective chlorination of the aliphatic

chain was observed when long chain alkyl />-iodinedichloride benzoates were

irradiated18. On the other hand when androsterone trifluoroacetate was treated

by phenyliodine dichloride, under irradiation conditions intermolecular chlori

nation takes place with satisfactory regioselectivity14.

The general concept of the reactions of this type is closely related to the

enzymatic functionalization of nonactivated carbon atoms16. The regioselective

functionalization is based on specific interactions of the substrate and enzymes

thus generating a highly reactive molecular species which is suitably located and

oriented towards a certain carbon—hydrogen bond to be attacked16-17.

Since phenyliodine dichloride is an efficient free radical chlorination re

agent18-19 we investigated chlorination of esters of long-chain acids such as methyl

w-octadecanoate, n-hexadecanoate and n-tetradecanoate as well as M-octadecyl

trifluoroacetate without attachment of the phenyliodine dichloride onto the long-

-chain compounds by covalent bond, in order to achieve intermolecular regio

selective functionalization of the long aliphatic chain remote from the present

functional group.

It was found that the PhlCl radicalic species is involved in the chlorination

of nonactivated methylene or methyne groups by phenyliodine dichloride18. 19.

The mechanism of this free radical chlorination reaction can be presented by

Scheme 1.

The chlorination of long-chain aliphatic esters (e.g. 7) by phenyliodine di

chloride was performed in benzene (or benzene — ethyl acetate) solution, by

irradiation with an incandescent lamp, until the chlorinating reagent was com-

pletly consumed (up to 45 min) and a complex mixture of chlorinated esters were

obtained (see Experimental) (Scheme 2).

PhICl2 — PhiCl + Cl-

 

R+PhICl2 R—CI + PhlCl

Scheme 1

CH8(CH2)i6COOCH3
hv, PhlCli

C.H,
CH3(CH2)„ —CH—(CH2)m COOCH3

a

1 2

n+m=\5

Scheme 2
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In order to determine the distribution of chlorine in the long alkyl chain,

i.e. to determine the positions of attacking carbon atoms by phenyliodine chloride

radicalic species the following sequence of reactions was applied (Scheme 3). The

mixture of isomeric chlorinated esters, obtained by chlorination of esters by penyl-

iodine dichloride, was dehydrochlorinated by sodium ethoxide in dimethyl sul-

phoxide20 and mixture of the corresponding unsaturated esters was obtained*.

In the subsequent reaction, unsaturated esters were oxidized by a mixture of po

tassium periodate and potassium permanganate (45 :1)21 to the mixture of mono-

and dicarboxylic acids which was esterified by diazomethane ard the corresponding

esters were analysed by gc (by comparison of their retention times with the authentic

samples) and by gc/ms (Scheme 3).

CH3(CH2)„—CH—(CH2)mCOOCH3

I

a

EtONa

DMSO

CH3(CH2)n-i-CH=CH-(CH2)m COOH CH3(CH2)»-CH=CH-(CH2)m_iCOOH

KIO,

KMn04

CH3(CH2)„_i COOH + CH3(CH2)„ COOH + HOOC(CH2);il_i COOH +

HOOC(CH2)m COOH

«+>«=15 (for methyl w-octadecanoate)

CHzNi
Methyl esters

Scheme 3

The attacking sites of the PhlCl species onto the long-chain and distribution

of the chlorine in the chlorination of methyl M-octadecanoate and n-octaddcyl

trifluoreacetate with phenyliodine dichloride in benzene solution are summarized

in Table I.

Methyl w-octadecanoate was chlorinated in the region from C5 to Ci3 with

most preferable functionalization at C9 (16.4%) with total conversion of the starting

ester of 58%. As can be seen from Table I, 70% of chlorine was introduced from

C7 to C11 . Almost the same region of the long chain was chlorinated in the reaction

of w-octadecyl trifluoroacetate in which Cs and C9 were most favourable sites

for attack of the PhlCl radical.

In the reaction of methyl w-octadecanoate the methylene group in the a-po-

sition and carbinol carbon in H-octadecyl trifluoroacetate were not attacked by

phenyliodine dichloride by using benzene as solvent, even they are activated by

the present functional group. It is obvious that chlorination is considerably more

* Since from one monochlorinated ester statistically two positional isomers of unsaturated

esters can be formed in equal amounts, we used an approximation by which the yields of two

final neighbourning esters of mono- or dicarboxylic acids are added and divided by 2 to obtain

the yield of chlorination of each carbon atom in the chain.
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favourable in the homopolar conditions on the remote nonactivated carbon atoms

than on the carbon adjacent to the functional group.

TABLE I. Chlorination of methyl n-octadecanoate and n-octadecyl trifluoroacetate by phenyl-

iodine dichloride. Distribution of chlorine in an alkyl chain in %.

Methyl

n-octadecanoate

Chlorination

in %

n-Octadecyl

trifluoroacetate
Attacking position

COOCHs CHsOCOCFs

1 1 1

P 2 C

1

— — C

1

c c
1 1
1 1

4 c — — c
1 1
1 1

3 c 3.3 — c

1 1
1 1

6 c 8.7 9.8 c

1 I
1 1

7 c 12.4 12.1 c

1 1
1 1

8 c 14.1 14.6 c
1 1
1 1

9 c 16.4 14.3 c
1 1
1 1

10 c 15.9 13.5 c

1 t
1 1

11 c 11.7 12.2 c
1 1
1 1

12 c 8.8 10.9 c

1 1
1 1

13 c 6.2 6.7 c

1 1
1 1

14 c — — c
1 1
1 1

15—18 c« — — c«

In the chlorination of methyl n-hexadeeanoate and tetradecanoate by phenyi-

iodine dichloride in benzene as a solvent a difference was found in the distribution

of chlorine along the chain (see Table II). In the case of methyl n-hexadecanoate,

chlorination takes place on all carbon atoms up to Cn, with maximum chlorination

on C7 (14%), while the alkyl chain of methyl w-tetradecanoate was chlorinated

up to C9 with preferential attack on Ce (22.8%).

In the reaction of phenyliodine dichloride with all ofthe investigated substrates

a region of an alkyl chain was observed which is preferentially attacked by the

PhlCl radicalic species. If no specific interaction of phenyliodine dichloride with

an ester as a substrate existed, no regioselective attack of the radicalic species

would be obtained, and a random chlorination all over the long chain would take

place. We believe that the phenyliodine dichloride must be in some kind of coor

dination with the oxygens of the ester group, and in this coordination structure

(Fig. 1) all carbon atoms in a long alkyl chain can not be in the same stereochemical

relationship to the radicalic centre located on the iodine atom of the reagent. It

means that we do not have pure intermolecular chlorination but some type of
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TABLE II. Chlorination of methyl n-hexadecanoate and n-tetradecanoate by phenyliodine

dichloride. Distribution of chlorine in an alkyl chain in %.

Attacking position
Methyl Chlorination

in %

Methyl

»-tetradecanoate

COOCHa

i

COOCHs
■

I 1

2 C
■

7.2 13.2 C
■

1 1

3 c 4.1 8.8 c
1 1
1 1

4 c 8.1 5.2 c

1 1
1 1

5 c 11.8 18.0 c
1 1
1 1

6 c 12.9 22.8 c
1 1
1 1

7 c 13.7 13.0 c
1 1
1 1

8 c 12.7 8.3 c
1 1
1 1

9 c 9.7 3.1 c
1 1
1 1

10 c 7.5 — c
1 1
1 1

11 c 3.8 — c

1 1
1 1

12 c 1.5 — c

1 1
1 1

13 c — — c

1 1
1 1

14 c — — c

1
1

15,16 C2 —

interaction of the reagent and substrate provides the regioselective reaction. A

similar explanation was given for the enzymatic regioselective activation of the

nonactivated carbon atoms.

Fig. 1. Coordination state of phenyliodine

chloride radicalic species with an ester y,---f-^._ &

as a substrate involved in hydrogen

abstraction process. ^1

The evidence supporting the interaction of phenyliodine dichloride with

ester groups we obtained from experiments in which ethyl acetate was used as

a co-solvent with benzene. In the presence of ethyl acetate coordination of phenyl

iodine dichloride takes place almost exclusively with shorter alkyl chain esters,

and random chlorination over a wide region of the long alkyl chain, e.g. methyl

w-octadecanoate, was observed (see Fig. 2). Under these conditions chlorination

depends only on the C—H bond energy. This indicates that in more polar con

ditions chlorination takes place preferentially on the a- and (J-C—H groups.

Use of the mixture of benzene — ethyl acetate as a solvent reflects also on the con
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formation of the long alkyl chain, since the conformation of the chain is strongly

dependent on the polarity of the solvent22, and certain change of the chlorination

region was observed.

The second evidence supporting the assumption of the existence of inter

action of phenyliodine dichloride with an ester group and thus conserving the

relationship between two molecules in which regioselective chlorination could be

achieved, was obtained by comparison of our results and Breslow's chlorination

of an alkyl chain having 16 carbon atoms (see Fig. 3). In our reaction even in the

absence of a covalent bond binding of the reactive radicalic species onto the alkyl

chain as a substrate, as in Breslow's experiments, we obtained similar regioselecti-

vity18.

30

 

CARBON CHLORINATED CARBON CHLORINATED

Fig. 2. Distribution of chlorine in the Fig. 3. Distribution of chlorine in the

chlorination of methyl n-octadecanoate chlorination of methyl n-bexadecanoate

by phenyliodine dichloride in benzene by phenyliodine dichloride (A) and

(A) and benzene — ethyl acetate (10:1) n-hexadecyl p-iododichloride benzoate

(O) as solvent. (O) (taken from ref. 13)

Assuming that the benzene ring of phenyliodine dichloride is coordinated

with an oxygen atom of the ester group, and also that the optimal distance between

the radicalic centre and the C—H group to be attacked is about 0.25 run, by in

spection of molecular models it was found that C5-H is the closest position for

the functionalization from the coordinated stage (Fig. 1) by involving three gauche

interactions. The attack on the further carbon atoms in the long alkyl chain reflects

the other conformations, such as those in which coiling shortens the effective

length of the chain, and chlorination of more remote carbon atoms than C5 can

occur by involving four or more gauche interactions. The region from C2 to C5

can be chlorinated only by real intermolecular attack without involving the coor

dinated stage of the reactants.
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EXPERIMENTAL

Reagent and starting materials

Phenyliodine dichloride. The cold solution of phenyl iodide in chloroform was chlorinated

"by dry chlorine23. The yellow crystals of phenyliodine dichloride were filtered off, washed and

dried in a vacum desiccator with protection from light.

Methyl esters were prepared by esterification of acids by diazomethane.

w-Octadecyl trifluoroacetate was prepared by reaction of n-octadecyl alcohol with the

anhydride of trifluoroacetic acid in pyridine solution24.

General procedure for chlorination of long chain esters by phenyliodine dichloride.

In the Pyrex vessel for photolytic reactions were placed 10 mmol of the long-chain ester

(e.g. methyl n-octadecanoate), 10 mmol of phenyliodine dichloride and 200 ml of dry benzene

(or benzene — ethyl acetate 10:1). The stirred reaction mixture was irradiated by a 500 W incan

descent lamp. The course of reaction was controlled by the potassium iodide — starch test and

after 20 min of irradiation phenyliodine dichloride was completly consumed. The reaction mixture

was washed with water and aqueous sodium bicarbonate, dried, and solvent was removed under

reduced pressure. The content of chlorine corresponds to 35 to 58% conversion of the starting

esters to monochlorinated products.

Dehydrochlorination20. The mixtures containing chlorinated esters, in order to determine

the position of the chlorinated carbon atoms in the long chain, were subjected to dehydrochlorin-

ation under basic conditions. About 3.5 g of the mixture of chlorinated esters and 10 g of sodium

«thoxide were dissolved in 60 ml of dimethylsuphoxide and the reaction mixture was heated to

80° for 24 h. The mixture was poured into water, extracted by ether and washed again by water.

After drying, the solvent was removed by distillation under reduced pressure and a mixture of

unsaturated acids was obtained. The presence of olefinic bonds was detected by chemical reactions

and by ir and nmr spectra of the complex mixture.

Oxidation of unsaturated acids (or alcohols)21.

The mixture of unsaturated acids (about 3.0 g), 9 g of potassium periodate, 0.2 g of potassium

permanganate and 4 g of potassium carbonate dissolved in water (40 ml) was stirred for 24 h at

room temperature. The reaction mixture was acidified by 10% sulphuric acid and extracted with

ether, dried and the solvent was removed under reduced pressure, and 3.1 g of a mixture of mono-

and dicarboxylic acids was obtained.

Esterification. The mixture of mono- and dicarboxylic acids (3.1 g) was treated with an

excess of ethereal solution of diazomethane, and a mixture of methyl esters was obtained.

The crude and complex mixture of methy esters of mono- and dicarboxylic acids were

analysed by gas chromatography by using a column with stationary phase of XE-60 on the Chro-

mosorb P. Identification of the esters was done by comparison of the retention times of C4-C14

monocarboxylic and C3-C14 dicarboxy'ic methyl esters with the corresponding authentic samples.

In the reaction of methyl n-octadecanoate with phenyliodine dichloride the final mixture of methyl

esters was analysed also by gc-ms and exellent agreement with the gc analysis was obtained.

The results are summarized in Tables I and II and in Fig. 2.
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H 3 B O n,

PETHOCEJIEKTHBHO XJIOPOBAftE AJBfcDATiraHHX ECTAPA JiyTA^IKOr HH3A

nOMCVRy *EHHJIJOa-^HXJIOPHHA

•Afl ^EKOBITE H TAB>A OPHITE

XejuujcKu UHCiuuiuyiu npupoduo-MauuMaSiuuKM tfoKyjaueuia ymieepsutuetua y Eeotpady u

sa xejtujy, uuxHOAomjy u Memaxyptujy, Eeotpad

ajuu|M>M<iHn ecrapa kojh HMajy syraiKy ejikokcb tarn

man HepasrpaHsiTy rpyny nocTHTHyTO je noMohy 4>eHHJijoA-OTXJiopima non (porojihtmikhm

ycnoBHMa. y Bcnoiiapaoj cpckhhh xJiopoBSH>e ce HajpaaHje Bpnnt y o&iacTH on C7 so Cu (70%)

koa Cti noon hh3«, npm <K«y R3pearyje so 58% nonuaor ecrpa. Cm nmpHHa ofiai ih

rnopoBa&a AOOHBeaa je y peawrHjaMa mcthji n-xcKcajjeKaHoaTa e n-TtTpafleKHHoaTa ca hcthjh

peareHCOM 3a uiopoBa&e. MeQyTHM, xaoa ce ynorpeoH 6ch3oji — enui aqeiST (10:1) Kao pacr-

ce yrjiaBHOM Bpnra y nanowajHMa 2 h 3.

(npHMJBCHO 2. cemeM6pa 1983)
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Modern knowledge both of the composition and structure of single Earth's

layers was analysed. A particular attention was paid to the mechanism of reactions

in solid state taking place under the influence of high pressures in single Earth's

layers.

It has been only since recently that a considerable number of information

on changes concerning properties of solids when exposed to high pressures and

temperature appeared thus enabling a more detailed conception on Earth's structure

to be formed.

The very problem dealing with phase changes in single Earth's layers has

been already investigated, from a theoretical point of view, since the beginning

of the sixties and presented in papers of Savic1.2 fnd Savic and Kasanin3-6. On

this basis the essential properties characterizing the single Earth's layers26 have

been calculated (Table I).

TABLE I. Characteristic properties of single Earth's layers

Properties I II (Mantle) III (Outer core) IV (Inner core)

Depth (km) 0—39 39—2831 2831—4371 4371—6371

Density (g/cm3) 2.70—3.00 3.60—6.00 10.00—12.00 14.00—19.74

Mean density

(g/cm3) 2.84 4.23 10.63 17.07

Having in mind the importance of the action of high pressures, particular

attention was paid to the composition, as well as to the structure of the mantle

and Earth's core.

Kuskov7-9 thoroughly considered the question of the possible composition

both of mantle and core, paying attention to nickel and silicon dissolution in Earth's

core. It was him who suggested the dissolution mechanism for silicon.

Benedeliani10 was engaged in studies of possible structural transformations taking

pi ice in a transient layer of Earth's mantle where forsterite (Mg2SiC>4) transforms

into the spinel phase which is characterized by a higher density. A whole series of

other transformations such as are for example the transformations of enstatite

(MgSiOs) into corundum, i.e. SiOz into the rutile structure, are taking place in

this layer.

713
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Savic and Kasanin6 established a theoretical hypothesis on the Earth's core

composition. Sorokhtin11 starting from electronic structures of single elements,

considered the possible physico-chemical processes occurring during Earth's core

formation. The same problem was investigated by Kuskov and Khitarov12 but

this time from the geochemical point of view.

In this paper the possible phase transformations taking place in single Earth's

layers have been analysed, while particular emphasis is placed on the physical

chemistry of oxidation-reduction processes occurring under high pressures.

PHASE TRANSITIONS AND CHEMICAL REACTIONS IN EARTH'S MANTLE

Birch13 having analysed seismical data came to the conclusion that the upper

mantle layer can be considered as a homogeneous one, while phase transformations

provoking no essential changes in chemical composition, take place in the medium

layer. However, Shimazu14 is of the opinion that decomposition of silicates into

oxides can occur under the influence of high pressures in this very layer, at the

moment when the conducted energy to a system exceeds the energy of a chemical

bond in the respective silicate. Thus enstatite (FeSiOs) decomposes into forsterite

(Fe2Si04) which has a spinel structure and quartz (Si02) having a rutile struc

ture10.

Some other reactions causing mixture formation of oxides such as MgO,

FeO (structural CsCl type) and Si02 (structural CaF2 type)10 can be expected

to appear in the transition layer of Earth's mantle, as well. The final completion

of the above reactions can be preceded by previously mentioned transformations,

including transition stages, too. These stages are known for structure transfers

of rutile into those of fluorite type under the pressure : a-PbC>2 type (coordination

number 6); Zr02 type, moncl. (coordination number 7); ZrC>2, type tetragonal

(coordination number 8). In this case the layer density is equal to 4.3—4.4 g/cm3,

which is in good agreement with the mean value of the density of layer II26, pre

sented in Table I.

The experimental results obtained during statical compression of quartz

under superhigh pressures suggested the possibility of transition of SiC>2 (stishovite)

from rutile into fluorite (ZrC>2) structures15. The relative density of this modi

fication can be calculated from the following data. Namely, it results out of tran

sition of Si02 (rutile modification) into SiC>2 (fluorite modificanor ) that r(Si4+

VIII)=0.048 ran, while r(Si4+VI)=0.040 ran. The interatomic distance in Si02

with fluorite structure is then a=r(Si4+VIII)+/?(O2-IV)=0.048+0.138=0.186

nm. It consequently follows that the parameter of a cubic lattice a =47? v 3=0.430

ran, and the volume of the unit cell is K=0.08 nm3. Thus the density of a new

quartz modification is 5.0 g/cm3. This value can be reached at a pressure somewhat

lower than 200 GPa.

As already mentioned, decomposition of a silicate into correspor ding oxides

can take place within deeper parts of the mantle. Dubrovskii and Pankov16 sche

matically presented the breakdown of olivine (Mgi-iFea^SiC^ by the following

equation:

(Mgi-IFeI)Si04->2xFeO +2(1 -*)MgO+SiQ2
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Ferrous oxide (FeO), like any other oxide, can suffer decomposition when

exposed to high pressure and it is therefore logical to expect that the very existence

of FeO can be followed by the presence of pure Fe at certain Earth depths. Ho

wever, it is presumed16 that Fe20, crystallizing in a cubic way, can exist only under

conditions exceeding 150 GPa. In this oxide the Fe+ atoms together with O2-

ions form the bonds and structure of the diamond type on the account of covering

the hybridized orbitals (sp3). It is also considered16 that Fe20 can be present even

within the outer Earth core, while the relative density of this modification ranges

from 9.8 to 10 g/cm8.

Al'tshuler and Sharipdzhanov17 investigating the phenomenon of iron distri

bution in the Earth, came to the conclusion that stishovite(SiC>2) and a solid solution

of wustite (FeO) in a periclase (MgO) isomorphic structure are the most probable

components of deeper parts of the mantle. A compound (MgFe)zSi04 having

a strontium plumbite structure is a possible variation. The density of this

layer is equal for both cases.

The study of oxidation-reduction reactions taking place in the Fe-FeO-

-Mg-Si02-Si-02 system carried out by Kuskov and Khitarov18 showed that sti-

shovite (Si02) can be reduced and transformed into metallic silicon. Owing to the

utilization of quasi-chemical theory of dissolution, the same authors also pointed

at the possibility of silicon to be dissolved in liquid Fe under conditions prevailing

in Earth's interior.

Generally speaking, the information concerning the processes occurring in

single Earth's layers can be obtained when, having in mind the previously men

tioned structural considerations, thermal effects of basic reactions taking place

in the mantle, are calculated.

Let us analyse the reaction of the following type:

2FeO(S8)=2Fe(1)+02

Si02(8t)=[Si]+02

where FeO(88) is a solid solution ot wustite in periclase (magnesium wustite), Si02(st)

— stishovite, [Si] — silicon dissolved in iron (11.2 weight % S1O2).

The very estimation of the thermal effect (A/f) can be performed according

to the equation:

ain/<

d(l/D

(AH),

R

where ft — oxygen fugacity in Earth's mantle, R — gas constant, T — tempe

rature.

The authors of Ref. 17 following the geophysical calculations of the pressure

which is approximately 214 GPa within the outer core, carried out the estimations

of (A//)j> in the intervals between 0.2—214 GPa and 1500-^1000 K. The results

they obtained are presented in Fig. 1.

It is obvious that at certain pressure (different for various reactions) the

thermal effect is equal to zero, while at very high pressures the reduction process,
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accompanied by heat evolution is performed. On the basis of these facts the follow

ing conclusion can be made: Due to the sign inversion of the thermal effect of

reduction processes that take place in the mantle, the reduction of FeO<gS) and

 

Fig. 1. The influence of pressure on the change of thermal effects of FeO and SiOs reduction1'

stishovite into iron and silicon can happen, what undoubtedly contributes to the

increase in density of the relative layers.

EARTH'S CORE AND ITS COMPOSITION

The two competitive hypotheses on the composition of Earth's core are

very active even nowadays; the first one stating that the core consists of metallized

silicates, the second proving iron to be the essential element16. According to the

first hypothesis the core consists of the same substance as the mantle, only that
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it is in a metallized state. Savic and KaSanin6 theoretically pointed out that the

core is in fact a mixture of elements in the metallized state, the mean atomic weight

of which is 26.56. In order to establish the elements which form the relative mix

ture, they presented the following equations for the mixture consisting of three

elements:

J ni w2 n3

A Ai Az A3

V Vi V2 V3

A A\ Az As

«i+»2+«8=l («i>0, n2>0, ns>0)

where A\, Az, Az — atomic weights of elements; A — mean atomic weight of

a mixture; m, n2, ns — relative composition of elements; Vi, Vz, V3 — zero

volumes of the elements; V — zero volume of the mixture. The calculation of

the possible chemical composition of the core, which is in agreement with the

above equations is presented in Table II. Naturally, some other theoretical com

binations are also possible27.

TABLE II. Theoretically possible chemical composition of Earth's core (%)

Element (compound) a b c d

Fe 70 76 56 64

Si 28 17 28 17

O 2
 — —

s — 7 — —

FeaO —, — 16 —

FeS — — — 19

On the grounds of analyses concerning iron distribution in the Earth it

was established17 that metallized silicates cannot form the core, but it certainly

consists of a mixture of metals, as was already theoretically suggested by Savi£

and KaSanin6.

According to the lollowing scheme monovalent iron can be formed along

the mantle — core boundary

Fe2Si04 = Fe20+Si02+l/202

2FeO = Fe20+0

FeO+Fe = Fe20

while the formation of an Fe-Si alloy along the same boundary results from the

following reaction

Si02(st)+2Fe(i) = FeO+[Si]Fe.

The free energy of this reaction increases with increasing concentration of si

licon in the relative alloy, but decreases with temperature and pressure rise. It
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means that these factors positively infuence on its course to the right hand si

However, silicon can also be the component ofthe Fe-Si alloy in the interval 0—1

GPa if the temperature does not exceed 2500 K 9.

Taking into consideration both of the mentioned processes which take pli

at the very mantle — core boundary, it can be certainly proved, as stated by Sa

and Kasanin6, that the core consists of metals. This can be also confirmed by t

fact that both the density and elasticity of the core almost do not differ from t

values of the same parameters characterizing iron when exposed to the pressi

over 150 GPa17. After all, the transition of ferrous silicates into the superder

state, has not been yet experimentally proved.

Sorokhtin11 having investigated the possible physico-chemical proces;

concerning the core formation showed that electron transitions are those that £

responsible for performance of the same processes. Thus, iron in its native st;

is characterized by the 3d6 4s2 electron configuration within which the two tra

sit ions can occur when it is exposed to high pressures:

3d64s2 .i. 3d74si S, 3d84s».

The s-»-d transition is followed by changes in chemical properties of iron regardi:

oxygen. Thus, in the 3d74sx state the formation not only of Fe2+ and Fe3+ ioi

but also of Fe+ is possible. Apart from this the appearance of strong s<r-ai

hybrid (sd)a-covalent bonds that enable formation of a series of oxides li

Fe20, FeO, Fe20s is also possible.

The quantitative estimation of the stabilization energy of the possible ferro

oxides Sd'ds1 u proved that only FezO is stable in the field of very high pressun

The fact that Fe20 has a higher density than other iron oxides and that it rang

from 9.6—10.1 g/cm3 on the surface of the core to 10.9—12.0 g/cm3 in the co

interior, speaks in this behalf. It is interesting to mention that the oxygen conte

in this oxide is 0.14 (14%) what, having in mind the closeness of atomic mass

of carbon and oxygen, is in agreement with the first triplet given by Savic ar

Kasanin6.

The estimation of the chemical composition of the core on the basis of tl

model of electron transitions is presented in Table IIIU.

TABLE III. Chemical composition of Earth's core (%)

Element (compound) Outer core Inner core

Fe20 100 _

Fe _ 73

Ni 8

FeS — 19

Al'tshuler et al.19 showed, on the basis of performed investigations of iro

and nickel impact compression, that the core cannot consist only of iron and nickt

but also of a certain quantity of light metals, which was previously mentione

by Savic and KaSanin8.
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The results of the research carried out by Mao et al.21, presented in Fig. 2,

suggested the justifiability of calculation of the chemical composition of the core,

on the basis of the model of electron transition (Table III). It can be seen from

Fig. 2 that the mean value of the core density results from the corresponding iron

content i.e. FeS in the core.

300

200

100

Fe0,S,25*C,is«tlierm,

shock- *a»e data,

TJ.Ahrens [231

F«S,23 K, isotherm,

M.K.fW et at. (11]

 

Fe,»hocic-w«ve

l.v.MtsMer

«t ai. [2^

f-Fe.JVC,

isothtrm,

U.K-Mao and

P.M.ReU [29J

U-P.S«vic'$]*j

f(g/cm*) /5

Fig. 2. The dependence of density on pressure in Earth's core*1

The dependence of density on pressure (i.e. depth) according to the results

of investigations obtained by Al'tshuler et al.19 is given in Fig. 3. It can be noticed

>

CO

1Z00

' iooo"1

i (6

P(GPa)

 

1000 2900 5000 (km)

Fig 3. The dependence of density on pressure of single Earth's layers1*
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that the previously established results concerning the mantle and core1-* are irt

very good agreement with the data presented in this Figure. The changes in mantle

and core densities range pm=3.60—6.00 g/cm3 within the values: pc=10.0—12.0

g/cm3 (dotted areas)2. The mean density of the outer core is 10.63 g/cm32, proving

the hypothesis that the core cannot consist of pure iron or nickel. This is also in

agreement with the results presented in Ref. 21.

The performed quantum-statistical calculations20, taking into account the

correlation energy, proved the possibility of the existence neither of oxides nor

minerals, the density of which is equal to that of the core. The same was confirmed

by the results of the analysis showed in Fig. 1, as well as by the diagram presented

in Fig. 2.

CONCLUSION

From the theoretical point of view, a light was shred onto the behaviour

of materials exposed to high pressures and the data on chemical composition and

phase transformations of Earth's mantle and core were analysed. It was shown

that the very decomposition of silicates into basic oxides takes place in the mantle,

while quartz can be transformed into the fluorite state whose density is 5.0 g/cm3.

Apart from this, the reduction process of the oxides FeO and SiC>2 to metals can

occur in deeper parts of the mantle, more precisely along the mantle — core boun

dary, although, having in mind the eventual s->d electron transition, the formation

of monovalent iron (Fe20) can occur as well.

Earth's core cannot be formed of silicates only. It is likely that the oxide

FeaO exists in the outer core. But, the inner core must contain, apart from iron,

a certain quantity of light metals.

Experimental results obtained by numerous authors confirm the justifiability

of utilization of the theoretical model established by Savic and KaSanin in investi

gation of the behaviour of materials in the Earth under high pressures.
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И 3 B O Д

РЕАКЦИЈЕ У ЧВРСТОМ СТАЊУ И ФАЗНИ ПРЕЛАЗИ ПОД ВИСОКИМ

ПРИТИСЦИМА У ЗЕМЉИНИМ СЛОЈЕВИМА

ПАВЛЕ САВИЋ н МОМЧИЛО РИСТИЂ

Српска академија наука u уметности, Београд

У светлу теорије о понаша&у материјала под високим притисцима анализирани су

подади о хемијском саставу и фазним трансформацијама мантије и језгра Земље. Показано

је да у мантији може доћи до распадања силиката на основне оксиде, при чему кварц може

прсћи у флуоритни облик густине 5,0 g/cm3. Осим тога у доњим деловима мантије, тачније

ва граници мантија-језгро може доћи до редукције оксида FeO и SiOi до метала, мада,

нмајуКи у виду могући електронски прелаз s-»d може доћн и до настајања једновалентног

гвожђа (Fe20). Језгро Земље не може се састојати од силиката. Могуће је да у спољашњем

језгру постоји оксвд Fe20. Унутрашње језгро, међутим, поред гвожђа мора садржаватв

н извесву количину лаких метала. Експериментални резултати низа аутора потврђују оправ-

вавост коришћења теоријског модела Савнћа и Кашанина у проучавању понашања мате-

дијала у Земљи под високим притисцима.

(Примљено 23. септембра 1983)
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Thermodynamic characteristics of the saturated vapor of silicon (vapor

pressure, second virial coefficient, molar volume, third and second law values of

standard enthalpy of vaporization) are evaluated by appliyng the concept in which

a gas mixture of molecular species with different number of the same atoms is treated

as a monatomjc real gas. In the applied procedure equations are derived for the

dependence of the silicon vapor pressure and of the second virial coefficient on

temperature, within a range of 1700—2500 K. Vapor pressure and saturated vapor

molar volume values calculated on the basis of the established relations are in remark

able agreement with the corresponding values obtained from thermodynamic table

data for Si,- species, treating saturated vapor as an ideal gas mixture of Sii to Sis

species. The values of A H0 si obtained by the third and second law expressions

with small deviations from mean values are in agreement with the CODATA re

commended value.

The saturated vapor of silicon contains, besides Si atoms, polyatomic clusters,

mostly those with two and three atoms1-3. For this reason, for thermodynamic

characterization of silicon vaporization, the same procedure as for alkali metals4

and carbon5-6 were applied. In the applied procedure, the volumetric behavior

of saturated vapor is described by the virial equation truncated on the second

term. The Woolley exponential form7

B=-aT exp(blT) (1)

is anticipated as the temperature dependence of the second virial coefficient and

for vapor pressure temperature dependence the Rankin-Kirchhoff relation is used

inP=a-(p/r)+Yr+z)inr. (2)

The third and second law expression for A Ho si> developed on the basis

of Eqs (1) and (2)

Av/fo(IH)=rAv<D-i?r ln(P/P0)-£P (3)

AT/T(II)=-Av(Hr-//o)+||r+Y T+D^ (RT+BP)-^- (4)

are used as a basis for a numerical iterative procedure applied to optimize para

meters in Eqs. (1) and (2). The same numerical procedure was used in the calculation

of the carbon vaporization thermodynamic characteristics5.

723
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CALCULATION OF THERMODYNAMIC CHARACTERISTICS

The parameters a, b, a, (3, y and D are optimized in the iterative procedure,

using free energy function and (H°T— Ho) table values8 for liquid silicon and ideal

gas state of monatomic silicon particles, in the temperature range of 1700—2500 K.

The procedure based on Eqs. (3) and (4) included the following steps:

1° Calculation of initial B(T) values through the expression

|B(r)| bvHl-TAy<l>+RTln(PIPo) (5)

using for initial vapor pressure values the values selected from the Plu—Pli,

range, Plu and Pll being given by expressions5

Plu=P exp^l — 1 (6)

PLL=Pexpll ^ 1 (7)

2" Evaluation of a and b parameter values from B{T) values calculated in the pre

ceding step, by applying the linear regression method to the expression

ln|lB|/r)=ln a+(blT), (8)

3° Calculation of a new set of B(T) values via expression (1), using the obtained

a and b values.

4° Determination of P(T) values through expression (6) by the trial and error

method, using B{T) values obtained in step 3°.

5° Calculation of M(T) function values

The M(T) function is derived from the identity ofthe Av i/o,si third (3) and second

(4) law expressions and related to the equation (2) parameters by expression

M(r)=(p/r)+Y t+d, (io)

6° Evaluation of (1, y and D parameter values applying the linear regression method

to Eq. (10) and using M(T) values obtained in step 5°.

7° Determination of a via Eq. (2), with fi, y and D values and P(T) values deduced

in step 4°.

* Expression (6) for Plu, — the upper limit of vapor pressure — is derived from Eqs

(3) and (1 1), taking into account that v>0>B and \B\P has to be lower than RT. The expression (7

for the vapor pressure lower limit is derived for saturated vapor as a monatomic ideal gas (j>i=P)
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Iteration was stopped when the correlation coefficient of Eqs. (8) and (10)

linear regression reached extreme values, so that

r(8)=o(l/T) fc/a(ln|5|/J)=0.999

r (10)=2; <*(*<) «*/« (lnP)=1.0036

i

where a2 is variance of x< points and x< and tot represent respectively: *i=l/r,

xt= T, xs=lnT, and 101= {J, a>2=Y> &>z=D.

The optimized parameter values : a=2.658 x 10"10 (m3K-! mol-1), 6=39270.71

(K-1), a=23.425, p=47019.30, y=154x10-6 and D=0.207 were obtained.

Using these values, for temperatures 1700—2500 K, the following was cal

culated : the second virial coefficient B, vapor pressure, AvHo(III)si and Avi/o(II)81

through Eqs. (1) to (4) and molar volume of silicon saturated vapor by the virial

equation

v=(RTIP)+B. (11)

In order to check the validity of the procedure when applied to silicon and

of the obtained results, we computed the vapor pressure and molar volume values

of silicon saturated vapor as an ideal gas mixture, using the ideal gas equation of

state and partial pressure* table data for species Sii(g*), Si2(g*) and SisQj*)8.

The silicon vapor pressure is in this case equal to the sum of equilibrium partial

pressures of the present molecular species

P=2> (12)

1

and the saturated vapor molar volume is given by expression

v=RTIZipt (13)

DISCUSSION

The obtained values for the subexponential parameter of the second virial

coefficient temperature dependences (1) correspond to the anticipated Wolley's

rA^-AvtflCSi)

pi=exp _

RT

for t=2, 3

Pi TAtQi-AtHUSit)

Pi=— Kpi=exp ?

Kpi RT



726 M. STEVANOVlC

model, the product bR being approximately equal to the standard enthalpy of

dimer dissociation. Mean Ad//j<Si2) value for the temperature range 1700—2500 K

is 335,550 J mol"1, while bR equals 326,510 J mol-i.

The values of carbon vapor pressure, obtained by Eq. (2) with optimized

parameters, in the investigated temperature range (1700—2500 K), coincide with

the the P values obtained by Eq. (12), i.e. deviations of two P values do not exceed

1.2% (Table I).

TABLE I. Vapor pressure values of silicon

Temperature PCEq. 2)

(Pa)

i>(Eq. 12)

(Pa)

S*

(K) (%)

1700 6.94X10"2 | 6.91x10-* 0.39

1800 3.27 x lO"1 3.29 xlO-1 0.68

1900 1.309 1.317 0.63

2000 4.566 4.587 0.46

2100 14.152 > 14.142 0.08

2200 39.564 39.597 0.07

2300 101.36 100.93 0.43

2400 240.05 238.17 0.79

2500 * 530.86 *~~* 524.60 1.18

*8=(l_^^)xl00%

I P(Eq. 12))

The molar volume values of the saturated vapor of silicon obtained in the

applied procedure, using Eq. (11), fully agree with those obtained by using the

ideal gas equation for the mixture of Sii to Sis species (Eq. 1 3) and table values

of pt (Table II).

TABLE II. Saturated vapor second virial coefficient and molar volume values of silicon

Temperature - B u(Eq. 11) t;(Eq. 13) 8*

(K) (m» mol"1) (ms mol-*) (m» mol-») (%)

1700 4868.4 198 884.0 200 530.0 0.82

1800 1428.4 43 643.0 44 382.3 1.23

1900 478.2 11 507.0 11 468.7 1.06

2000 179.1 3 462.5 3 437.7 0.72

2100 73.8 1 159.0 1 166.8 0.58

2200 33.1 428.9 430.9 0.47

2300 15.9 172.7 175.0 1.30

2400 8.1 75.0 76.7 2.24

2500 4.4 34.7 35.9 3.35

^ „ / t»(Eq. 11) \

* 8-f 1 — xl00%

^ «(Eq.l3);
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Established agreement of the values for silicon vapor pressure and saturated

vapor molar volume, calculated by using temperature dependences of B and P,

with the same values calculated by using the equation ofstate for an ideal gas mixture,

is a direct proof of the reliability of derived equations representing dependences

of the second virial coefficient and silicon vapor pressure on temperature. It also

substantiates the suitability of the applied procedure to the vaporization thermo

dynamics of silicon.

The obtained values of Av//0(Iir)si and AvH0(II)si for temperatures from

1700 to 2500 K, with small dissipation arround mean values

AVHS(III)=445,666±25 J mol"*

AvHo(H)=445,602±350 J mol-*

as well as the agreement of these mean values with the CODATA recommended

value9 (Avi?0, si=445,667 J mol-1), are one more proof of the reliability of the

procedure used.

CONCLUSION

The saturated vapor of silicon a mixture of molecular species Si<, is treated

as a real gas of monatomic particles, whose volumetric behavior, in the tempera

ture range of 1700—2500 K, is described by a virial equation truncated to the se

cond term.

Applying the procedure used before in thermodynamic characterization

of carbon vaporization8, the following relations, representing dependences of the

Si saturated vapor second virial coefficient and Si vapor pressure on temperature,

for the temperature range of 1700—2500 K, are evaluated:

B 2.658 x lO-m T exp(39270.71/7O (nAnol-1)

lnP(Pa)=23.425-(47019.3/7,)+1.54x 10-5T+0.207 \nT.

The subexponential parameter of the B temperature dependence corresponds

to the statement of the anticipated Wolley's theoretical model. The value of

6/2=326.51 kj mol"1 is close to the Si2 dissociation enthalpy (335.55 kj mol-1).

The third and second law standard enthalpy of vaporization values, calculated

from the established realtions for B and P temperature dependences

Av#o(III)si=445,666±25 mol-1

AvHoCII)si=445,602±350 J mol"1

are in agreement with the CODATA recommended value.

The values of the silicon vapor pressure and of the saturated molar volume

in the temperature range of 1700—2500 K, calculated by using the established
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relations for B and P temperature dependences, and those computed by ideal gas

equation from Sii, Si2 and Sis species table data, agree within the limits of 1.2

and 3.5% respectively.

The obtained results justify the suitability and reliability of the applied

procedure to the silicon saturated vapor.

NOMENCLATURE

P pressure, vapor pressure

Pi partial pressure

v molar volume

T temperature

G Gibbs function

H enthalpy

R gas constant

B second virial coefficient

Kp equilibrium constant

<S> free energy function, «=-(<^.-HJ)/r

a, |3, Yi Dj B>t parameters of vapor pressure temperature dependence

c* variance

a, b parameters of virial coefficient temperature dependence

r correlation coefficient

SUPERSCRIPTS

standard state

ideal gas state

SUBSCRIPTS

d dissociation

s* molecular species

* reference temperature

v vaporization

H 3 B O A

TEPMOflHHAMHMKE KAPAKTEPHCTHKE HCITAPABAIbA CHJIHUHJYMA

MOMMHJIO CTEBAHOBKB

Hncuiuuiyiu sa uyKAeapne nayxe „Bopuc Kudpwt", u.up. 522, 11001 Eeoipad

TepttammaioTOKe KapaHiepiiciiuce sacHhese nape cHJinqnjyMa (HanoH nape, Apyni

BRpnjanHB KoedunriijeHT, mojickb sanpeMBBa, bpcahocth CTaanapAHe euiajumje HcnapaBa&a

BapatyBare npexo Bspasa Ha 6bsh III r II 3aKOHa TepMomraaMBice) H3BCAeHe cy npuMenoM

nocrynKa, npeiwa komc ce racmi ciweuia MoneKyjicKHx Bpcra ncror aTOMa TperHpa nao peanaH

MOHoaTOMCKH rac. H3BefleHe cy jeAHamme KojRMa ce onHcyje 3aBHCHOCT Hanona nape h APyror

BHpHjaxmor KoediuuiijeHTa oa TCMnepaType, y TeMnepaTypHOM KHTepoajiy 1700—2500 K. Bpea-

hocth HanoRa npe h mojickc 3anpeMHHe 3acHheHe nape, H3pa<ryHaTe Ha ocnoBy H3BeaeHiix tcm-

nepaTypcKHx 38bhchoctr y njHOM cy cnara&y ca oAroBapajyhHM BpeAHoeraAia Ao6HjeHnM H3

Ta6mnKHX noAaTana 3a BpcTe Sii , SU h Sis, npeno jeAHawtHe HAeajmor racHor CT8H>a. .H,o6njeHe

BpeAHOCTH ciaKAapAHe eirrajraHje iicnapaBa&a cna>Ky ce ca CODATA BpeAHoiuhy.

(IIpHMJbeHo 17. jjTia 1983)
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Chloride, bromide and iodide ions in molten Ca(NC>3)2 • 4H2O were titrated

coulometrically with silver ions at different temperatures from 50 to 80°C. The

course of titration was followed potentiometrically. From the titration data the

solubility products of AgCl, AgBr and Agl were determined. A G°, A H° and A S"

values for the dissolution and enthalpy of solvation (A H°olv) of silver halides in

this melt were calculated and compared with data for aqueous solution and other

aqueous and anhydrous melts.

The solubility of silver halides in molten nitrates has been investigated by

many authors, but mostly in anhydrous melts. The solubility of silver halides in

molten salts containing water (so-called „aqueous melts") attracted much less

attention. Gal1 measured the solubility of silver chloride and bromide in molten

ammonium nitrate dihydrate, Burrows and Noersjamsi2 determined the solubility

product of silver halides in molten calcium nitrate tetrahydrate, and Bartocci

et a/.3 in molten sodium acetate trihydrate. In most of the investigations1- 2- 4-7

weighed quantities of silver nitrate were added into the melt containing halide

ions (or vice versa) or the halide ions in molten salt were titrated with silver nitrate

solution in the same melt by means of a hot burette8. To avoid disadvantage of

adding the weighed amounts of the titrant or the use of hot burette, Bombi and

co-workers9 introduced a method in which the halide ions in molten LiNOs—KNOs

were titrated coulometrically by oxidizing a silver electrode with a constant current.

The same method was later used by Bartocci et al.3 in sodium acetate trihydrate.

In the work of Burrows and Noersjamsi2 to the calcium nitrate tetrahydrate

melt containing silver nitrate the weighed amounts of KC1, KBr or KI were added

and the emf of suitable concentration cell was measured after each addition. The

drawback of the method was that it required the use of a large amount of molten

salt (about 200 g) or weighing very small quantities of titrating substance.

The purpose of the present work was to apply the coulometric technique

of silver ion addition instead of adding the weighed amounts of solid halide or

silver salts, and to obtain some additional data on silver halide formation in molten

calcium nitrate tetrahydrate. The results were compared with the available data

for silver halide formation in molten calcium nitrate tetrahydrate and in other

nitrate me 1 .
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EXPERIMENTAL

Reagents. All chemicals were reagent grade. Calcium nitrate tetrahydrate (Kemika, Zagreb)

was recrystallized from water and dried on air. Sodium chloride (Kemika, Zagreb) was recrystallized

from water acidified with hydrochloric acid and dried by prolonged heating at 500°C. Potassium

bromide (Merck) and potassium iodide (Merck) were dried at 120° and used without purification.

Apparatus. The cell used for the emf measurements was a jacketed reaction vessel of about

100 cm3 capacity with suitable holes for supporting the indicator electrode, reference electrode

compartment, working electrode, and counter-electrode compartment. The thermostated water

was circulated through the jacket from a Mechanik Prufgerate thermostat and the temperature

was controlled to within ±0.1°.

The indicator and reference electrodes were silver wires covered with AgCl, AgBr or

Agl, the working electrode was a 2 mm diameter silver wire (purity 99.99%), and the counter-

-electrode a platinum wire. In some experiments both the indicator and reference electrodes were

silver wires, not covered with AgX. The reference electrode and the counter-electrode compartment

were separated from the main compartment by G4 sintered glass discs. The cell is shown in Fig. 1 .

 

Fig. 1. Cell for coulometric ti

tration and emf measurement.

1. counter electrode compartment

with platinum cathode; 2. indicator

electrode; 3. working silver elec

trode; 4. reference electrode com

partment; 5. magnet; 6. magnetic

stirrer

Silver ions were generated with a Metrohm-Herisau type E coulostat. The emf of the cell

was measured on a Hewlett-Packard 3480A/3482A digital voltmeter with an accuracy within

±0.1 mV.

Procedure. The main compartment of the cell was filled with about 60 g of Ca(NOs)j • 4HsO

containing a known amount of the halide salt. Both the reference and counter-electrode com

partments were filled with the same melt to the same level as in the main compartment. For each

halide the appropriate reference and indicator electrodes were placed into the cell.

In order to check the validity of the Nernst equation to the Ag/AgX (X=C1~, Br-, I-)

electrode in the Ca(N03)z • 4HsO melt, the emf of the cell containing a fixed concentration of

halide ions in reference half-cell and a variable concentration in indicator half-cell was measured

at 50 and 70°. This was done also for the silver electrode in a similar way in the presence of AgNOs

instead of halide salts. The Nernst plots for the couples Ag/AgX, X~ and Ag/Ag+ all gave straight

lines with slopes in agreement with the theoretical value for the given temperature within ±3%.

The solubility experiments were carried out in the cell of following composition:

Ag/AgX

Ca(NOs)2 • 4HaO

X- (ri)

Ca(N03)a • 4H20

x- (O

Ag+ «,)

AgX/Ag

where r* is the total concentration of halide ions (which is the same in both half-cells) and ri«

is the total silver ion concentration in the indicator half-cell. The concentrations are expressed

as mole fractions based on Ca(NOa)s ■ 4HzO as one component. Silver ions in the indicator half-cell

were produced coulometrically.

In some experiments the emf measurements were carried out with silver electrodes. In

that case the reference half-cell contained silver nitrate instead of halide salts. Measurements
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were made over the concentration range 1 x 10-4 to 3 x 10~4 mole fraction of halide ions. In exper

iments with Ag/AgX electrodes the emf was measured when the total silver ion concentration

was 20 to 60% in excess with respect to halide concentration, and in case of measurements with

silver electrodes when it reached 20 to 60% of the total halide concentration. The silver ions were

added in small increments. After addition of an appropriate amount of silver ions the coulostat was

switched off, and the emf was monitored. The electrode potential was attained after a few minutes

and it was stable for at least one hour. Measurements were made at 50, 60, 70, and 80°. As our

emf data are too extensive to be tabulated in this paper, they are deposited as a supplementary

material and can be obtained upon request from the authors.

RESULTS AND DISCUSSION

The good agreement of the experimental and theoretical slopes of the Nernst

plots indicates that the junction potential was insignificant and that the solutions

behaved ideally, i.e. the activity coefficient of halide salts and AgNOs was unity.

In calculating the solubility product one must know the equilibrium con

centration of halide and silver ions in any time after the melt had been saturated

with AgX. In the case of emf measurements with Ag/AgX electrodes, i.e. in excess

of silver over halide ions, the equilibrium halide ion concentration can be calculated

via the Nernst equation:

rx=r° exp(FAEIRT)

where rx denotes equilibrium halide ion concentration, r°x the total halide con

centration and Ai? is the measured emf. Symbols F, R and T have the usual meaning.

The equilibrium silver ion concentration is given by the relationship r\e=rXg—

—rx+rx. In the case of halide excess over silver ions the equilibrium silver ion

concentration is

rju+rlgexpiFAEIRT)

while rx=rl—rXg+rAg- The solubility product is then equal to K„v=rAg rx.

The results are summarized in Table I.

TABLE I. Solubility product, Kmv of siver halides in molten Ca(NOs)2 • 4H2O, mole fraction

scale

TIK AgCl AgBr Agl

K.pXlO" JCpXlO" K,pxlOl*

323 1.64±0.07 3.33±0.07 0.59±0.05

333 3.58±0.16 7.86±0.10 1.84±0.09

343 7.00±0.18 19.4 ±1.3 5.04±0.14

6.70±0.77* 17.2 ±1.0* 5.60±0.32*

353 12.44±0.51 41.2 ±1.6 13.30±0.36

* These values were obtained with silver electrodes, the other with Ag/AgX electrodes (pee text)

In this calculation it was assumed that the halide and silver ions remained

in solution as X~ and Ag+, and not in any complexed form such as Ag2X+ or AgX^,

or that complex formation has no significant effect on solubility product. Fiorani



734 ZSIGRAI and SZfiCSfiNYI

a a/.10 pointed out that when the complexes AgX, AgX2 and Ag2X+ are formed

the following equation can be written:

r%—fAg=—— (1 + P&i -Ksp)—»"Ag (1 + Pl,2 Kap)

where (Je,i and (li,2 are the stability constants of the complex species AgXJ" and

Ag2X+, respectively. However, if we assume that the product of the stability con

stants and the solubility product in the Ca(NC>3)2 -4H20 melt is similar to that

obtained in anhydrous nitrate melt and molten ammonium nitrate dihydrate,

which is quite reasonable, we can neglect the terms containing (J and justify that

the presence of any complex species has not affected our KBp values. This assump

tion lies in fact that in molten NH4NO3 -2H201, Ca(N03)2—KNO35, LiNOs—

—KNO38 and KNO3—NaNOs11 systems, for which both solubility product and

stability constant values are available, the products $1,2 KBV and £2,1 KBp are always

much smaller than unity. On the other hand, if we compare our solubility product

values obtained in excess of silver over halide ions with those obtained in excess

of halide ions at the same temperature, we can see that the difference between

these values are within, or nearly equal, to the accepted uncertainities in KBp .

With the KBp values from Table I the standard Gibbs free energy changes

for the dissolution equilibria

AgXBoim^Ag+4-X-

can be calculated:

AG°=-RT In KBp

From the temperature variation of ^sp one can determine the corresponding

standard enthalpy changes, AH°, by using the relation

d In KBPldT=AH°IRT2

and the standard entropy changes from

TAS°=AH°-AG°.

These data are summarized in Table II together with some literature data

for the same equilibria in water and several other nitrate melts. The temperatures

of comparison were all at 25—30° above the melting point of the particular solvent.

When it was necessary the literature values were recalculated from the molal to

mole fraction scale. As it can be seen from Table II, the standard free energies

of dissolution (and thus the solubility products) in different molten salts are similar;

in other words the solubility of silver halides is similar. If we compare our

AG° values in molten Ca(N03)2 • 4H2O with the values of Burrows and Noers-

jamsi2 for the same melt, a resonably good agreement appears. In contrast to

this, the AH° and hence the AS0 values, differ much more. This is probably due

to the fact that AH° values derived from the temperature dependence of solubility

products are very sensitive for small variation in KBp and involve a significant

uncertainty.
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TABLE II. Thermodynamic quantities for the reaction AgX Ag++X-

Solvent AG° AH° AS" Ref.

kj mol-1 kj mol-i kj mol-i

AgCl

HiO 298 75.5 65.5 -33.6 15

CaCNOs)* • 4HiO 343 66.7 65.9 - 2.2 this work

CaCN03)2 • 4HsO 341 65.7 75.8 29.3 2

NH4NO3 • 2HsO 338 62.4 52.2 -30.1 1

(Ca, K)NOs 471 75.3 79.6 8.8 S

(Li, K)N03 432 75.6 81.6 14.6 6

(Na, K)NOs S23 73.8 76.6 6.7 4

AgBr

HsO 298 90.1 84.3 -19.5 15

CaCN03)2 • 4HaO 343 83.5 80.9 - 7.4 this work

<XN03)2 • 4HsO 341 83.8 94.2 28.0 2

NH4NO3 ■ 2H2O 338 78.4 53.4 -75.0 1

(Ca, K)N03 471 92.1 104.6 26.8 5

(Li, K)NOs 432 93.4 97.1 9.6 6

(Na, K)NO, 523 91.9 89.2 - 5.4 4

Agl

H2O 298 111.7 110.8 - 3.0 15

Ca(N03)2 • 4H20 343 107.0 104.5 - 7.3 this work

Ca(N03)2 • 4H2O 341 107.3 113.4 18.0 2

(Li, K)NOa 432 110.1 118.9 20.1 6

(Na, K)NO, S23 118.0 122.8 9.2 4

Knowing the enthalpies of dissolution, it is possible to calculate the enthalpies

of solvation. As it is known, the enthalpy of dissolution is equal to the difference

of the enthalpy of solvation (AW^,) and the lattice energy (C^Agx):

AH°=AH°loW-UMx.

The Uasx values at the temperature T we calculated employing the Born-Haber

cycle from the known thermal data13. The standard values of thermal data have

been corrected for temperature increase up to temperature T. Then, on the basis

of the U^gx and AH° values, we calculated A//8°0iT both for our Ca(NOa)2'4H20

system and some other melts. The results are given in Table III. For a

comparison, the solvation enthalpies for aqueous solution have been also included.

It is evident that solvation enthalpies in different melts and dilute aqueous so

lutions are quite similar. However, there is an essential difference in the process

of dissolution in water and in molten salts, as we shall see it from the corresponding

entropies of dissolution.

The most indicative term for comparison of halide ion behaviour in different

solvents is the entropy term. AS" values in Table II are mole fraction entropies,

i.e. the standard state was chosen on the mole fraction scale. Such entropies are

essentially independent on the solvent composition and thus very convenient



736 ZSIGRAI «nd SZfiCSfiNYI

TABLE III. Solvation enthalpies of silver halides in nitrate melts and aqueous solution

-Af/^w/kJ mol-i

Solvent T/K Ref.

AgCl AgBr Agl

HaO 298 847.4 815.7 776.0 15

Ca(NOs)* • 4HaO 343 847.8 818.8 787.6 this work

Ca(N03)2 • 4HaO 343 836.7 805.5 773.0 2

NH4NO32H2O 338 860.1 846.1 — 1

(Ca, K)NOs 471 830.4 792.3 — 5

(Li, K)NOa 432 829.2 800.7 765.1 6

(Na, K)NOs 523 832.4 806.4 758.4 4

for comparison between different solvents. When AS° values in Table II are exa

mined for different nitrate melts, a similarity is evident between the anhydrous

and aqueous melts, although these values are very different and have sometimes

opposite signs. It is apparent that the change in standard mole fraction entropy in

different nitrate melts shows no significant trend from silver chloride to silver

iodide. However, in aqueous solution there is a progressive increase in entropy

from chloride to iodide. This behaviour has been noted first by Tien and Harring

ton6 for LiNC>3—KNO3 melt and later by Burrows and Noersjamsi2. Such a be

haviour of halides in the Ca(NOs)2 • 4H2O melt confirms the supposition that

dissolution of silver halides in this melt and that of the anhydrous nitrate is essen

tially the same, while it differs significantly from the analogous process in dilute

aqueous solutions. In other words, it proves that the aqueous calcium nitrate

melt, similar to the anhydrous one, is completely ionic. Thus, it can be assumed

that in a calcium nitrate tetrahydrate melt the halide ion is, most probably, surroun

ded by [Ca(HzO)J+] 14 cations as the nearest neighbours; the position of ions in

the quasi-lattice being not affected significantly by an increase of the ionic radius.

Hence, the entropy change does not show a definitive trend with the increase

in ionic radius from Cl~ to I-. In contrast to this, in dilute aqueous solutions,

the entropy increases with an increase of the ionic radius, which indicates that

smaller chloride ions have a larger effect on ordering of the polar water molecules

if compared to the larger Br- and I- ions.

Acknowledgement. The authors acknowledge the financial support of the SCI for Research

of the SAP Vojvodina.



DISSOLUTION OF SILVHR HALIDES 737

H3BOJ

PABHOTESCA PACTBAPA&A CPEBPOBHX XAJIOrEHHflA

y PACTOny KAJmHjyM-HHTPATA TETPAXHflPATA

HmTBAH HCHTPAH H KATAJIHH MECAPOIH CEMEH.H

MnciuuCuyui ia xejmjy, IJpupodHO-MOiueMauiuuKU ftucy/nSeui, yuueepsumem y Hoeou Cody

Xjiopn«HH, 6pomhahh h joflHABH joHH y pacrony Ca(NOs)s • 4HaO THTpoBaHH cy ifyjio-

MCTpHjcKH reHepHcaHHM joaHMa cpe6pa Ha paMirorniM TeivuiepaTypaMa on, 50 ao 80°. Tok th-

Tpaunje npafaeH je noTCHmioMeTpHjckh . H3 noaaTaKa THTparoije OApefiemi cy rrpoH3BOAH pacrBop-

."bHBocTH AgCl, AgBr h AgJ. H3paqyHaTe cy bpcarocth AG", AH° h AS° pacTBapa&a h eHTajmMja

coiiBaTanHje (AHloiv) xajioromfla cpcopa y obom pacrony, Koje cy ynopcr>cHe ca noAaiuuia 3a

opyre BoneHe h aHXHjrpoBaHe pacrone h Boaeite pacTBope.

(npHJUMHo 11. jyna 1983)
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By applying Job's, Bent-French's and the molar ratio spectrophotometric

methods and using the results obtained by pH-metry (according to the Job method)

it was found that tetracycline (HsTC) and irori(III) form in acid medium a

[Fe(HTC)]+ complex. The stability constant of the complex was determined by

Sommer's (pK= 13.31), and Bent-French's methods (pK= 12.58 and 12.41) at

jx=0.1 and 20°C, as well as by the method of continual variation with the use of

pH-metric measurements (J>K=9.50 at (i=0.03).

Data on the formation of Fe(III) and H3TC coloured complexes are available

in the literature. The composition and stability constants were de ermined poren-

tiometrically1 and it has been found that complexes are formed in rhe ra :ios 1:1,

1:2 and 1:3, with log Ki=9.9, log K2=S.6 and log £=25.3, respectively. Tran

Tu An et dP. used the complex Fe(III)—HsTC=l :2 for deteroina ion of H3TC

contents.

EXPERIMENTAL

All experiments were performed on a Spectrophotometer Pye Unicam SP-6-500 with

1 cm thick quartz cells. PHM 62 Standard pH-meter Radiometer was used for pH-metric meas

urements. The reagents used were : H3TCHCI (Institute for Drug Control, S. R. of Croatia), KNO3 ,

HNO3 and Fe(NC>3)3 -9H20 (Merck, p.a.~). H3TC solutions were prepared by weighing exact

amounts of H3TCHCI, and Fe(III) solutions were standardized gravimetrically.

RESULTS and DISCUSSION

Absorption spectra were recorded in a pH region 2.0—9.0. No complex

formation was observed at lower pH values. Aqueous solutions of 7 x 10-5 mol/dm3

H3TCHCI and 3 x 10-5 mol/dm3 Fe(III) were used for spectrophotometric measure

ments, performed with reference to the blank containing the same HsTC con

centration as the complex. All experiments were performed at room tem

perature (20°).

Fig. 1 shows spectra of the complexes at different pH values. Absorption

maxima are at 400 nm, at pH—2.0—6.0; at />H>6.0 the maximum is shifted to

410 nm, and at pH>8.0 to 425 nm.

739
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The absorbance dependence on pH value of the complex was followed at

400, 410 and 425 nm (Fig. 2).

 

900 Am

Fig. 1. Spectrophotograms of the HsTC-

-Fe(III) complex at different pH values:

7xl0-» mol/dm3 H3TC and 3xl0-8

mol/dm3 Fe(III)

A

0*

M

or

at

 

410 nm

400 nm

40 10 Q pH

Fig. 2. Dependence of the absorbance of

the complex on the pH values at 400,

410 and 425 nm.

It is evident from the curve shapes that at least three complexes are formed

in the pH region from 2.0 to 9.0, each of them being dominant in one of the three

above mentioned pH regions and corresponding to the respective absorption

maxima.

In acid medium the composition ofthe complexes was determined atpH<3.00.

The stoichiometric ratio of H3TC to Fe(III) was determined by the Job method3-4.

At pH=2.50 and n=0.1 maintained with KNOs, solutions were prepared by

mixing x ml 8 x 10-*mol/dm3 H8TC and (10-%) ml 8x lO-^ol/dm3 Fe(III).

Absorbances A of the solutions were measured at 400 nm. The curve representing

A as a function of the molar ratio of HaTC, is shown in Fig. 3.

The maximum observed at the molar ratio of H3TC w=0.5 points to the

complex H3TC :Fe(III)= 1:1.

The composition of the complex was also determined by the Bent-French

method5. Two series of measurements were performed, in one of them the H3TC

concentration was kept constant (10_4mol/dm3) and that of Fe(III) varied between

2 X 10~6—7 X 10~5 mol/dm8. In another series of experiments the same reagents

were used with reversed values. The obtained slopes, m=1.01 (Fig. 4) at con

stant H8TC concentration, and «=1.05 at constant Fe(III) concentration, indicate

a formation of the complex with the stoichiometric ratio HsTC:Fe(III)=l :1.

By using the molar ratio method6, at constant HsTC concentration (6x 10-5

mol/dm3) and varied Fe(III) concentrations 10~5—10-4 mol/dm3, a sharp bend

is observed at the molar ratio HsTC:Fe(III)=l :1 (Fig. 5).

The composition of the complex was determined />H-metrically using the

Job method3-4. Solution mixtures and solutions were prepared with a) x ml of

H3TC solution (5 x 10~3 mol/dm3) and (5-x)ml of Fe(III) solution (5xl0~3

mol/dm3), b) y ml of H8TC (5 x 10~8 mol/dm3) and (5-y) ml of water, and c) z
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ml of Fe(Iir) solution (5 x 10~3 mol/dm3) with (5—z) ml of water. The pH values

of these solutions were measured after thermostating at 20°. Solutions of Fe(III)

being acid (due to hydrolysis of Fe(III) ions) just as HaTC solutions, the increase

of H+ ion concentration, due to the complexation reaction:

Fe+3+» H8TC — [Fe(H3-« TC)»]8-"«+na H+,

 

-tt

 

10 nH,TC

Fig. 3. Job's curve: 8xl0"4 mol/dm*

HsTC, 8xl0-« mol/dm3 Fe(III)

-« -« -O -« -45 -« IsCf^lgC^c

Fig. 4. Bent-French's method

calculated from the relation:

tH+]=[H+]B-{[H+]Fe+[H+]H.Tc}

where [H+]8 is concentration of H+ ions in HsTC and Fe(III) solution mixture,

[H+]Fe is the H+ ion concentration in Fe(III) solution, and [H+]h,tc is the H+

ion concentration in the HsTC solution. The dependence of Aan+ on the HsTC

molar ratio is presented in Fig. 6. The maximum of the curve at HsTC n=0.5

points to the formation of the 1 : 1 complex.

Cjsr=6-1<r5iTri/l

ftUUO

■ <00nm

' 390nn

9 3a Cws/Ctyn:

Fig. 5. Molar ratio method: 6X10-5

mol/dm3 H3TC, 10"8—10"* mol/dm3

Fe(III)

 

10 nHJC

Fig. 6. Job's curve obtained by pH-metric

measurements

The dissociation constant of the complex can be determined from the data

for determination ofthe composition ofthe complex obtained by pH-metric measure

ments. This method is applied when a monobasic acid is used as a ligand7-9. As
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a tribasic acid was used as a ligand in our experiments, the following equilibrium

reactions exist in the system:

[MHs_«L-<»]-«+3 = M+3+H3-aL-«

H3L — H++H2L-

H2L- — H++HL2-

HL2" — H++L3-

Fe+»+H20 — [Fe(OH)]+2+H+

The corresponding dissociation constants are:

Kdc=[M.] [H3-0L-»]/[ML-"+3] (1)

Kdi h,tc=[H+] [H2L-]/[H3TC] (2)

Ktf2Hyrc=[H+] [HL2-]/[H2L-] (3)

^3HlTc=tH+] [L3-]/[HL2-] (4)

Since Fe(III) ions undergo strong hydrolysis in aqueous solutions, the con

stant of hydrolysis of Fe(III) ions, Kh=lA x 10~3, has been taken into account

in calculation of the total concentration ol metal salt solution [M]°, and of the

concentration of H+ ions10.

Kh=[H+] [M(OH)]+2/([M]0-[MH3_oL-«+3]-tM(OH)]+2) (5)

As one, two, or three H+ ions can be liberated in the complexation reaction

of Fe(III)-H3TC, the total molar concentrations [H3L]°, [M]° and [H+] during

substitution of one, two, or three H+ ions could be calculated from the following

system of equations:

[H3L]o=[H3L]+[H2L-]+[HL2-] +[L3-]+[ML-<»+3] (6)

[M]°=[M+3]+[MH3a L-°+3]+[M(OH)]+2 (7)

[H+] =[HL2-] +a[ML-«+3]+[M(OH)]+2 (8)

The solution of the system of equations 1 to 8 has real values in the case

when the value of a in Eq. 8 corresponds to the number of H+ ions liberated during

formation ofthe complex. Concentrations of H+ ions are calculated from the obtained

pH and and ionic strength values for each H3TC and Fe(III) solution mixture,

whereby real values were obtained for a=2. The H3TC dissociation constant

values11 used for calculation are Kdi=5.Q\ X 10~4 and *Td2=2.09x lO"8. Real

values being obtained for a=2, Eq. 3 and the corresponding term in Eq. 6 were

not used for calculation. Being negligible in comparison with values of other terms,

[HL2-] can be omitted from Eq. 6. It can be calculated from the obtained H2L~

concentration and KdB.,ic values.
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Change of pH in H3TC and Fe(III) solution mixtures as compared to pure

H3TC and Fe(III) solutions is shown in Table I.

TABLE I. pH values of solution mixtures of 0.005 raol/dms Fe(NOs)s and H3TC

ml

Fe(N03)3

FeCN03)3

+H2O (ml)

Fe(NOs)3

+H3TC(ml)

H3TC

+HaO (ml)
AoH+ x 10-4

pH aH+xl0-« pH aH+ x 10-* pH OH+xlO-*

1) 1.00 3.00 10.00

2.86 13.80

2.78 16.60

2.72 19.05

2.62 23.99

2.60 25.12

2.49 32.36

2.38 41.69

2.32 47.86

2.93 11.75

3.00 10.00

10.61

17.89

21.71

22.91

18.89

14.84

2) 1.65

3) 2.00 3.02 9.55

4) 2.50 2.29 51.29 3.03 9.33

3.14 7.24

3.24 5.75

5) 3.00 2.30 50.12

2.34 45.716) 3.50

The following pK values are obtained by introducing the Table I values

into Eq. 1 :

2) 0.03 9.11

3) 0.03 9.50

4) 0.04 9.50

The stability constant value pK= 13.31 of [Fe(HTC)]+ is calculated by

Sommer's method12, at pH=2.50 and jj.=0.1, using the data obtained by the Job

method. The values pK= 12.58 and pK= 12.41 are obtained under the same experi

mental conditions, at constant H3TC and Fe(III) concentrations; H3TC disso

ciation constant values, Kd\ and Kdz, were used in both cases since the formation

of the complex with the HTC2- ion was established by />H-metric measurements.

From the data obtained by the molar ratio method, the absorption coefficient

of the complex was calculated to be a=4.4xl03 at 400 nm.

The data obtained for the composition of the complex in acid medium are

in agreement with the ones of Albert1. Since A is dependent on the pH of solution,

complexes with more than one ligand are formed at higher pH values.

Since both used methods follow the change of the same parameter due to

the complexation reaction, i.e. the H+ ion concentration, the data of the stability

constant value of the investigated complex, obtained by pH-metric measurements,

are in agreement with the literature1.

However, there is no agreement between thepK values obtained by the spectro-

photometric method and pH-metric measurements, whereas the results obtained

by the two spectrophotometric methods agree well. Lower pK values obtained

pH-metrically as compared to the results of the spectrophotometric methods,

can be explained primarily by the fact that the pH-metric method is generally

applied to more simple monobase systems, as well as by low HTC2- concentration

values (of the order of magnitude 10-9 mol/dm3).
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KojvuuieKC HMa jeflHy ywy ancopmnroHy rpany ca iwaKCHMyMOM Ha 465 nm

a MopHH je^Hy umpoKy TpaKy ca iwaKCHMyMOM Ha 425 nm. C o63HpoM Ha BejiHKy

ancopSammjy Mopmia y o6jiacrH TajiacHnx py^icvma y kojoj h komiuickc ancopfiyje,

McnHTHBaaa cy noKa3ajia #a ce Haj6ojBH pe3yjrraTH flo6njajy Ha TajiacHHM jxy-

jKHHaaia ofl 470 h 480 nm.

Odpetjueaibe cactuaea KOMWieKca

CaoraB KOMiuieKca cmo oflpejpuiH npHAieHOM Job-OBe MCTOfle BapHjaunja

eKBHMOJiapHHx pacrBopa10, ineTOfle MOJiapHHx ojnroca11 h Nach-OBe MCToae12.

pH = 5.50
 

CjiHKa 1 Figure

CneK-rpocpoTorpaMH pacTBopa: Kpirea 1.

CMema: 0,001 mol/dm3 ZnS04 — 0,002

mol/dm3 mophh. Cjiena npo6a: 0,002

mol/dm3 mophh. KpHBa 2.0, 002 mol/dm3

mophh. Gnena npooa: eTaHo.i. KpHBa 3.

Cviema: 0,001 mol/dm3 ZnS04 — 0,002

mol/dm3 iwopKH. Gnena npo6a eTaHOJi.

Spectrophotograms of the solutions:

Curve 1. Mixture: 0.001 mol/dm3 ZnSCu

— 0.002 mol/dm3 morin. Hlank solution:

0.002 mol/dm3 morin. Curve 2. 0.002

mol/dm3 morin. Blank solution: ethanol.

Curve 3. Mixture: 0.001 mol/dm3 ZnS04

— 0.002 mol/dm3 morin. Blank solution:

ethanol.

CjiHKa 2 Figure

Job-OBa Kpiina 3a oAper)iiBaii,e cacTaBa

KonuuieKca: KpiiBa 1. C.vieuia: 0,001

mol/dm3 ZnS04 — 0,001 mol/dm3 iio-

Phh. Gnena npooa: 0,001 mol/<ims

Aiopnit. X -470 nm. Kpn3a 2. Cieuia:

0,0025 mol.Mm3 ZnS04 — 0,0025

mol/i!m3 mophh. Gnena npo6a: 0,0025

mol/dm3 Mopim. X^480nm.

Job's curve for detc ruination of the

composition of the complexes: Curve 1.

Mixture: 0.001 rrH/dm3 ZnSCV aOOl

mol/dm3 moiir.. lank solution: 0.001

mol/dm3 morin. X=470 rm. Cu ve 2.

Mixture: 0.0025 mol/dm3 ZnS04 —

— 0.0025 m^l/dm3 morin. Blank solut'on:

0.0025 mil/dm3 m>rin. X^480 nm.

Job-OBa MeTOfla: PacrBopH cy irpHnpeMJbeHH MemaH>eM pacroopa uhhk-

-cyrcpaTa h MopHHa hcthx MOJiapHHx KOHueHTpainija, y npHcycrBy nycpepa, a

MepeH>a cy BpmeHa Ha TanacHHM fly>KHHa>ia oa 470 nm (KOHireHrpauHje uhhk
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-cyjicJxaTa h Mopraa y pacrBopy cy H3H0CHJie c=0,00 1 mol/dm3) h 480 nm (c =0,0025

mol/dm3). Kao aiene npo6e cy KopmuheHH pacrBopH Mopmia MHje cy kohuch-

TpairHje jeAHane KOHueHTpauHjaMa iwopHHa y oAroBapajyhHM nojeflHHaiHHM

cinemaMa irHHK-cyjidMiTa h Mopima. J3,o6HjeHe cy KpHBe (cji. 2) ca MaKCHMajmozvi

ancop6aHHH)OM Ha nzn=0,35 (nzn je MOJiapHH yaeo HHHK-cyji<paTa), urro noKa3yje

jja ce o6pa3yje KOMiuieKC Zn2+:iwopHH=l :2.

Meroaa MOJiapioix o^Hoca: IlpHnpeMJbeHH cy pacroopH ca KOHcraHTHOM

KOHneirrpaipijoM uHHK-cyji4>aTa (6 10-4 mol/dm3) h paanHHHTHM KOHuetrrpa-

iBajaAia Mopraa (ofl 2 10-4 flo 2 -10-3 mol/dm3), y npHcycTBy nycpepa. Mepeaa

cy BpmeHa Ha 480 nm, npH ^eiviy je Kao cjiena npo6a KopHiirheH BojTa-eTaHOjrHH

pacTBop nycpepa. Pe3yjiTa™ Mepeita cy npHKa3aHH Ha cji. 3. IlpejiOM y TanKH

^morin/czn=2 TaKotje yKa3yje Ha (popMHpaae KOMiuieKca Zn2+ :mophh = 1 : 2,

Kao y crcy^ajy Job-OBe MeTOfle.

 

cmor/cZn

CjiHKa 3 Figure

MeToaa MOJiapmrx oflHoca 3a oaper)n-

Baibe cacTaBa KOMiuieKca : c = 6-10-4

mol/dm3 ZnS04. X=480 nm.

Method of molar ratio for determination

of the composition of the complexes:

t=6x 10-4 mol/dm3 ZnS04. X=480nm.

 

CnHKa 4 Figure

Nach-OBa MeTOfla 3a o;ipe[jnBan,e ca-

CTaBa h penaTHBHe KOHCTairre cTa6mi-

hocth KOMiuieKca: c = 0,003 mol/dm3

iwopHH. Ilpana 1: X = 470 nm. Ilpana 2:

X=480nm.

Nach's method for determination of the

composition and the relative stability

constant of the complexes: c=0.003

mol/dm3 morin. Straight line 1: X = 470

nm. Straight line 2: X=480 nm.

Nach-OBa Merofla : IIpHnpeivm.eHH cy pacrBopH Kojn wme CMeme KOHcraHTHe

KOHi^eHTpaHHje Mopima y bhiuky (3 -10-3 mol/dm3) h paairHMHTe KOHnempauHje

UKHK-cyjithaTa (op, 4 -10-4 po 1 -lO-3 mol/dm3) y npncycTBy nycpepa. C apyre

crpaHe, npHnpeMjteH je pacrBop 3 -10-3 mol/dm3 Mopraa. Mepensa cy BpuieHa

Ha TajiacraiM pyytamaMa op 470 nm h 480 nm. Pe3yjrraTH MepeH>a cy npHKa3aHH

Ha flHjarpaiay (cji. 4). OpflHHaTa npeflcraBiba peuHnpoMHy Bpe/rHocr »-Tor creneHa
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MOJiapHe KomjeHTpauHje Heancopoyjyhe KOMnoHenre, y obom oijroajy ithhk-

-cyjujma, yn= 1 /c^n > a ancipica Bemramy x=A0ftA0—A), rae je ancopoaKutija

CAieme qHHK-cyji4>axa B MopHHa osmpieHa ca A a ancop6ammja MopHHa ca Ao-

ITpaBa je flooHjeHa y cnyqajy n—2, o;rHOCHoy2=f(—*), urro 3HaqH pa. ce 4>opMHpa

KOMnvieKC Zn2+:MopHH=l :2.

IIpeMa Tone, pesyjitaiH HuiHTHBaBba KOMiuieKca cbhm HaBCfleHHM MeTOflajta

cy noKa3ajm pa hhhk h Mopim y cjweiiiH BOfla-eTaHOJi, o6pa3yjy KOMiuieKC moho-

HyKJieapHor rana, Zn2+:MopHH=l:2.

Odpefyiecahe KOHciuantue cmaJomiHocmu KOM&MKca

HcnHTHBa&a KOMruieKca uhhk-mophh cy noKa3ana pa HHTeH3HTCT 6oje

KOMiuieKca pacre ca noBeha&ejw pH pacrBopa. Ha ocHOBy oBora ce MO>Ke 3ami>y-

hhth pa MopHH, Kao H CBe aia6e KHcejiHHe Koje cmo po cafla HcnHTHBajm, yjia3H

y KOMnjieKCHy yecTHny Kao joH, npH qe»iy ca noBeha&eM pH pacrBopa pacre h

KOHneHTpain^ja joHCKor o6jiHKa MopHHa, ojthocho KOHrjeHrpaiDija KOMiuieKca.

He ysHMajyhH y o63Hp AHCoipijaiBtjy Mopima h &eroBy KOHCTainy /rHcoqHjarrHje,

H3pa3 3a pejiaTMBHy KOHCTaHry cra6njiHOCTH KOMiuieKca, kojh cmo npHK&sajiH y

je^HOM ofl nperxoflHHX paflOBa13 rnacB:

[Zn(H5-„L)2p-2" (1)

[Zn2+] [H8 L]02

rpc je [H5L]0 yKynHa, oahocho aHajnrra*H<a KOHueHTpargija MopHHa, L npe«-

CTaBji>a flHcocoBaHH, aHjoHCKH oGjihk iwopHHa npH nomyHoj AHCoipijaipijH a n

Mowe HMara BpeAHOCTH 1, 2, 3, 4 a 5, y 3aBHCHOcra op creneHa flHcorrHjairaje

Mopmia Ha pH=5,50.

3a H3pa^yHaBaH>e OBe KOHcraHTe npHMeimnH cmo Sommer-OBy Merofly14,

KopHcrehH Job-OBe KpHBe Ha TajiacHHM fljOKHHaMa op 470 h 480 nm (en. 2).

Pe3yjrraTH cy npnKa3aHH y TaojamH I.

PenaTHBHy KOHcramy cra6itnHOCTH (32 H3paMyHajra cmo h rrpHMeHOM Nach-OBe

MeTo^e (cji. 4).

OflceiaK rrpaBe Ha op/nmaTH npeflcraBJBa HeraTHBHy Bpe^HOCT penaTHBHe

KOHcraHTe cra6HJiHocTH P2. EpojnaHe Bpe/jHocm pejiaTHBHHx KOHcraHTH cra-

6hjihocth KOMrtneKca UHHK-MopHH npHKa3aHe cy y TaojnmH I.

TABJIHUA I

Sommer-OBa Merofla Nach-OBa MeTo,na

X(nm) c(mol/dm8) a log pi log fr'

470 1 • 10-3 750 6,79 6,68

480 2,5 • 10-3 219 6,51 6,65

H3 SpojMaHHX BpeflHOCTH pejiaTHBHHX KOHCTaHTH CTaSHJmOCTH P2 M0)Ke

ce 3aKJtyuHTH pa ithhk h MopHH o6pa3yjy peiiaTHBHO craSHJiHo komiuickcho

jeAHH>eHbe Koje ce M0>ne kophcthth 3a KBaHTHTaniBHO oflper)HBaH>e uHHKa.
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KeamuuuiaiuueHo odpefjuecube tfuwca uoMohy MOpuna

MoryhHocr npHMCHe OBor KOMiuieKCHor jeflHaeaa y aHajurnrtKe CBpxe

Hcmrrajm cmo Ha aieflehH Hamm. IIpHnpeMJbeHe npo6e cy ca^pwaaaie paammHTe

Komygrparpaje irKHK-cyjidiaTa (pp 1 10-4 po 8 -10-4 mol/dm3) h KOHcraHTHy

KOHneHTpauwjy Mopmia y bhuikv (2 -10~3 mol/dm3) y npHcycrBy nydiepcKor

pacrBopa. Mepeita ancopoaHmije cy BpmeHa Ha TajiacHHM AynamaMa op 470

h 480 nm, rrpn qemy je i<ao arena npo6a KopniiiheHa cMema craHOJia h nycpepCKor

pacrBopa. Kajni6pauHOHe KpHBe cy npHKa3aHe Ha cjihuh 5. Lambert-Beer-OB

3aKOH Ba>KH y mrrepBajiy op 1 -10-4 po 6 -10-4 mol/dm3 pacroopa irnHKC-yjicpaTa,

ojthocho oa 6,54 flo 39,2 v/cm3 mnn<a Ha TanacHoj jry>KHHH og 470 nm (cji. 5)

h op, 1 -10-4 flo 8 -10-4 mol/dm3 pacrBopa imHK-cyjKpaTa, oahocho op 6,54 flo

52,3 y/cni8 UHHKa Ha TajiacHoj jrjOKHHH op 480 nm (cji. 5).

0,15

CjTHKa 5 Figure

KajiB6pauHORe Kp«Be c=0,002 mol/dm3 0,)2

MopHH. Gnena npo6a: enacui.

Calibration curves: c=0.002 mol/dm3

morin. Blank solution: ethanol.

- pH = 5-50 •

o

-

-

.I04

J/Ipeiwa TOMe, peaKunja o6pa30BaH>a KOMnjieKca Zn2+:MopHH=l :2 MO>Ke ce

y Ha3HaqeHHM KOHueHTpainroHHM HHTepBajiHMa ca cmypHOurhy kophcthth 3a

cneKTpodpoTOMerpHjcKa KBaanmxHBBa oflper)HBaH>a aHBxa y MHKpoKOjnrnniaMa

noaiohy Mopmia.

SUMMARY

SPECTROPHOTOMETRIC INVESTIGATION OF ZINC(II) — MORIN COMPLEXES

IN WATER-ALCOHOL SOLUTIONS

DUSAN MALESEV and ZORICA RADOVIC

Institute of Physical Chemistry, Faculty of Pharmacy, University of Belgrade, P.O.Box 146,

YU-11001 Belgrade, Yugoslavia

Using spectrophotometry measurements and applying the methods of Job, Sommer and

Nach it was found that zinc(II) and morin form a Zn2+ :morin = 1 :2 complex. The value of relative

stability constants, log Pi (6.51, 6.65, 6.68 and 6.79 at ionic strength [* = 0.025) were obtained at

room temperature. The complex can be used for spectrophotometric determination of zinc in

microquantities because the absorbance of the complex obeys the Lambert-Beer law.

(Received 29 June 1983)



750 MAJIEDJEB h PAflOBH'E

HHTEPATYPA

1. A. Korkuc, K. Lesz, Chem. Anal. (Warsaw) 17, 855 (1972)

2. M. Katyal, Talanta 15, 95 (1968)

3. A. Korkuc, Wiadom. Chem. 23, 345 (1969)

4. E. M. HeBCKa, B. A. Ha3apeHKO, M. ama. xum. 27, 1699 (1972)

5. A. E. BjiaHK, H. H. MupeHcxaH, JI. M. CaTaHOBCKHfi, Ibid. 30, 1116(1975)

6. A. T. nHjmneHKo, A. H. 3e6eHTaeB, A. J. BojiKOBa, Yxp. xum. ok. 41, 260(1975)

7. W. E. van der Linden, G. den Boef, W. Ozinga, Mikrochim. Acta, 83 (1976)

8. B. n. Hhkhthh, H. E. MaKauieBa, M. T. TojioBKHHa, E. H. JIk>6hhob, }K. o6tu. xum.

48, 395(1978)

9. M. Katyal, S. Prakash, Talanta 24, 367 (1977)

10. P. Job, Ann. Chan. 9, 113 (1928)

11. M. T. BeK, „Xumuh paetotecuu KoMnAeKcoo6pa3oeaHun" , Mnp, MocKBa, 1973

12. C. P. Nach, /. Phys. Chem. 64, 950 (1960)

13. 3. PaaoBHh, JL MajiemeB, Apxue $apM. 4, 218(1983)

14. L. Sommer, Chem. Listy 65, 574 (1961).



ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

В1ЛХЕТШ БЕ ЬА 5С-С1ЁТЁ СНШКЛШ ВЕОСЯАБ

48 (11) 751—757 (1983)

СНОВ-970 V^С 543.422:546.431:546.41

Опцта1 заетг/и: рарег

СПЕКТРОФОТОМЕТРЩСКО ИСПИТИВАН>Е РЕАКЦЩЕ БАРЩУМА

И КАЛЦЩУМА СА 2,7-БИС-(4-КАРБОКСВДЕНЗЕН-АЗО)-1,8-ДИОКСИ-

НАФТАЛЕН-3,6-ДИСУЛФОНСКОМ КИСЕЛИНОМ. II

НАДА ПЕРИШИ"К-1АН>ИЪ, ДУБРАВКА БАТКИН И АУРОРА МУК*

Ннсшишуш за хемщу, Природно-машемашинки факулшеш Универзишеша у Новом Саду,

21000 Нови Сад и *Йнсшишуш за нуклеарне науке „Борис Кидрич", й.йр. 522, 11001 Београд

(Примл>ено 14. )ула 1983)

Испитая )е утица) диоксана и ацетона на ствараае комплекса бари;ума

и калци)ума са реагенсом. У растворима ко)и садрже органски растварач

(ацетон или диоксан) до 50% (у/у), комплекс III типа (ко)И се ;авл>а у водено)

средини при рН око 2) не наста)е. Са дал>им повеЬавашем садржа;а органског

растварача у раствору, долази поново до по]°аве комплекса тзв. III типа, али му

)е апсорпциони максимум померен за око 15 шп у односу на апсорпциони

максимум у водено) средини. У растворима где )е садржа) органског растварача

90% и више, бари)ум гради комплекс тзв. IV типа са апсорпционим максимумом

на 616 и 672 шп. Калци)ум гради ова) тип комплекса само у растворима где )е са

држа) ацетона 99%. При повеЬавшьу садржа)'а органског растварача изнад

90% у раствору се уместо хидратисаног )она 6ари;ума и калци)ума )авл>а солва-

тисани )он бари)ума и калци)ума са органским растварачем и са протонованим

обликом реагенса граде комплекса тзв. IV типа.

Претходна исгштиваьа реакци)е барИ)ума и калци)'ума са овим реагенсом

су показала да се у кисело) средини града са овим )онима комплекс тзв. III

типа1. Испитиван>а у воденим срединама нису дала довол>но ^асну представу

о природа и особинама комплекса III типа1-4, па смо сматрали да би испитиванье

ових реакци)а у растворима са различитим садржа)ем диоксана, односно

ацетона, дала низ нових података о комплексу III типа. БудуЬи да су до-

садашша испитивааа показала да у растворима са великим садржа)ем орган

ског растварача неки )они да|у комплексе високе моларне апсорптивности6,

сматрали смо да би у растворима вода-ацетон и вода-диоксан испитиваье

реакци)'а бари)ума и калци)ума са реагенсом имало знача)а.

Како )е познато да се смеша вода-органски растварач до 90% органског

растварача и при веНем садржа)у органског растварача, по сво)Им физичко-

-хемИ)ским особинама разлику)у8-10, то смо очекивали да се реакщф комплек-

сиран>а у овим двема областима разлику)е.

РЕАГЕНСИ И АПАРАТИ

Реагенс, 2,7-бис-(4-карбоксибензен-азо)-1 ,8-диоксинафтален-3,6-дисулфонска кисе

лина, )с синтетисан стакдардним поступком*. Препарат )е био чистоЬе 81% рачунато на

киселину. Све остале кориппЧене хемикали)е биле су чистоЬа р.а. Спектрофотометри)ска

меренл су вршена на апарату Уапап Сагу 219. рН )е мерен на рН-метру М-26 КасИотегег.
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HCIIHTHBAIfcE PEAKIJMJE BAPHJYMA H KAJIIJHjyMA nPH CAJIPJKAjy

OPrAHCKOr PACTBAPAWA flO 90%

PeaiajKja fjapHjysia b peaKUHja KanHHjyivia ca obhm peareHCOM je Hcnm-ana

y CMeiuaivia Boaa-aueTOH H Boaa-^HOKcaH npH pa3jnraHTOM ca^pHcajy opraHCKor

pacraapana, a h npH paarawMTHM oflHOCHMa werajia h peareHca.

 

*00 500 600 700 A r_nrrg

CnHHB 1 Figure

AncopimHOHH cneicrpH KOMiuieKca 6apnjy«a ca peareHCOM y pacreo-

pHMa ca pa3JiH^HTHM caflp>KajeM «HOKcaHa

Absorption spectra of the barium complex with the reagent at different

contents of dioxane

Ha cji. 1 cy npHKa3aHH cneicrpH KOMiuieKca 6apHjywa ca peareHCOM npM

mojickom oflHOcy Ba:R=10:l y pacrBopHMa ca caapntajeM oa 0 «o 99% (v/v).

y BOfleHOM pacTBopy Hacraje komiuickc III Tima kojh noKa3yje ancopirnHOHH

MaKCHMyM Ha 705 nm. Ca nopacroM nponeHTa opraHCKor pacreapaqa y cineum

»HTeH3HTeT ancopnuHje Ha obom ancopmnroHOM MaKCHiwyirty onaaa h npH cajrpHtajy

oa 20% OBaj komiuickc ce He jaan>a. Ca noBeha&eivi caapncaja opraHCKor pacrBa-

paqa o,a. 30—85% jaBJta ce hobh ancopmjHOHH MaKCHMyM Ha 722 nm Ha Kojeiw

HHTeH3HTer ancopimnje pacre ca nopacroM ca^p>Kaja opraHCKor pacrBapa^a y

pacrBopy. Cjihmho noHauiaae je yoieHO h y pacrBopHMa ca je^Hai<HM o^roBapa-

jyhHM caflpjKajeM aneroHa y pacrBopy. Ha en. 2. A cy npnKa3aHe npoaieHe hh-

TeH3HTera ancopnnHje Ha ancopmnioHOM MaKCHMyiwy KOMiuieKca III nma y 3a-

bhchocth ofl caapwaja opraHCKor pacrBapaia.

Kao LUTO ce ca cji. 2. A BHflH, npn caapneajy ofl 40% opraHCKor pacrBapaqa

jaBjta ce mhhhmym ancopnimje. Komiuickc KojH ce jaBjba y pacTBopy ca opraHCKHM
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pacmapaqeM no 40%, paanHKyje ce no nanoHtajy HaKcmtyMa ancopnunje

Qj£L i h n) on KOMiuieKca KojH ce jaBJta y pacrBopHMa ca BdiRM

caapjKajeM opraHCKor pacrBapana. Ilo ofinHKy cneicrpa cAiaTpasio p,a ce y 06a

CjiHKa 2 Figure

IlpoMCHe ancop6aHURje Ha ancopmpiOHOM

MancHMyMy KOMiinaoca III ram y mbhchocth

oa ca^p>Kaja opraHCKor pacrBapaqa : A— 6e3

aoAaTKa KHceJiHHe, B — ca aobbtkom

KMceJiHHe

Absorbance changes on absorption maximum

of complex of type III depending on the

organic solvent content: A — without acid

addition, B — with acid addition

 

*/• ocetona

aiyqaja jasna KOMiraeKC III rana, a jja noMepa&e y ncuiojKajy ancopnuHOHor

HaKCHMyMa flOJia3H BepoBaiHo ycjie^ flejiosaaa opraHCKor pacrBapa^a Ha paBHO-

TOKy Koja nocrojH H3Mer)y a30H^Hor h xHHOHXHApa30HOBor OOJiHKa peareHca7.

A
 

CimKa 3 Figure

AncopmmoHH cneicrpH KannKjyMOBor KOMiuieKca y pacraopHMa ca

paaiiHiuTHM caflp»<ajeM opraHCKor pacTBapaqa

Absorption spectra of the calcium complex in solutions at different

contents of organic solvent
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Калци)ум са овим реагенсом тако^е гради комплекс III типа, ко)И се

у растворима са садржа)ем органског растварача до 90% понаша исто као

описали комплекс бари^ума (сл. 3).

БудуЬи да )е при испитиван>у реакщф бари)ума и калци)ума у водеяик

растворима констатовано да )е за ствараае комплекса бари)'ума и калци)уиа

са реагенсом оптимални рН=2, снимтьени су апсорпциони спектри комплекса

у растворима са различитим садржа)ем органског растварача где )е додата

)еднака количина киселине као воденим растворима где )'е рН био 2. И при

овим условима наскце комплекс III типа, само се реакци)а одиграва при вепем

садржа)у органског растварача (сл. 2 В).

ИСПИТИВА1ЬЕ КОМПЛЕКСА БАРЩУМА И КАЛЦЩУМА У РАСТВОРИМА СА

САДРЖА1ЕМ ОРГАНСКОГ РАСТВАРАЧА ИЗНАД 90%

Снимл>ени апсорпциони спектри комплекса бари)ума показуху да са

повеЬагъем садржа^а органског растварача изнад 90% долази до прелаза

комплекса III типа у нови комплекс IV типа5 и при витку метала и при витку

реагенса (сл. 1 и 4) са апсорпционим максимумом на 616 и 672 шп.

02Ь

0.1

•С/. 0ЮК5АХА
во: II • 1:1

400 900

 

600 7» 900

Слика 4 р18^1ге

Апсорпциони спектар бари)умовог комплекса IV типа

АЬздфйоп аресиит о? 1пе гуре IV Ьапшп сотр1ех

99 V. АСЕ ТОЫА

Со : К . 1 : 2

 

800 д. [пггЦ

Слика 5 Р1вига

Апсорпциони спектар калци)умовог комплекса IV типа

АЪ$огр1юп зресашп оГ 1ле 1уре ГУ са1ашп сотр1ех
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Калцијум са реагенсом и у растворима са повећаним садржајем диоксана

града само комплекс III типа, а само у растворима где је садржај ацетона

изнад 98% града и комплекс IV типа са апсорпционим максимумом на 612

и 668 шп (сл. 6). Комплекс IV типа и код баријума и код калцијума настаје

при повећаном садржају диоксана, односно ацетона и у растворима где је

додата киселина да би се регулисала киселост.

 

400 500 600 700 л [Пт]

Слика 6 П^иге

Промене апсорпционог спектра баријумовог комплекса IV са

временом: 1а и 2 после 90 минута

АЬ5огр1юп «рес1га сћапвех оГ гће 1уре IV Ьапшп сотр1ех оп 1ипе :

1а апс! 2 айег 90 тт.

Испитан је утицај времена на комплекс IV типа и констатовано је да овај

комплекс дужим стајањем (два часа и више) прелази у комплекс III типа.

ДИСКУСИЈА

Добијени резултати показују да баријум са овим реагенсом града два

типа комплекса. У чистој вода настаје комплекс III типа, при киселости рН

0.5 — 5. Комплекс се формира и при витку реагенса и при вишку метала.

Утицај органског растварача при садржају до 50% је такав да спречава ства-

равье јонског облика реагенса који је потребан за формирање комплекса

III типа, па у раствору постоји само неутрални облик реагенса. Са повећањем

садржаја органског растварача до 90%, долази вероватно до померања равно
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теже између азоидног и хинонхидразоновог облика реагенса и настајс ком

плекс III типа, чији је апсорпциони максимум померен за око 1 5 шп ка дужях

таласима.

При садржају органског растварача изнад 95% код баријума настаје

комплекс IV типа. У таквим су растворима створени услови за настајање

протонованог облика реагенса8. Вероватно овакав јонски облик реагенса а

солватисаним јоном баријума града комплекс IV типа9. Може се прегао-

ставити да је структура овог комплекса таква да се Ва($о1у) везује координа-

тивно за једну азо групу, а његовим везнвањем и друга азо група се потпуно

протонује.

Снимањем апсорпционих спектара реагенса у растворима где је садржа

органског растварача изнад 95% закључено је да у тим растворима почиье

процес протонације. Тако у растворима са садржајем од 99% диоксана одмах

се протонује 35% реагенса, док је у растворима при садржају од 99.6% ацетона

протоновано 21% реагенса8. Након стајања од 24 часа постигнута је потпуна

протонација.

На основу ових разматрања и чињенице да се иста тип комплекса јавља

и у смешама вода-органски растварач где је додавана киселина да би се ре-

гулисао рН, дошло се до наведене претпоставке о природа и структури ком

плекса.

Чињеница да јон калцијума у даоксану не ствара овај комплекс, може

се објаснити далеко већим степеном хидратације јона калпијума у односу

на јон баријума и чшьеницом да је поларност ацетона већа од поларности

диоксана, па се у растворима са садржајем ацетона од 99% ствара комплекс

IV типа. Међутим, настали комплекс у ацетону је непостојан, врло брзо се

таложи и издваја из раствора.
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SUMMARY

SPECTROPHOTOMETRIC INVESTIGATION OF REACTIONS OF BARIUM AND

CALCIUM WITH 2J7-BIS-(4-CARBOXYBENZENE-AZO)-lJ8-DIOXYNAPHTALENE-3,6-

-DISULPHONIC ACID IN WATER-DIOXANE AND WATER-ACETONE MIXTURES

NADA PBRlSlC-JANJIC, DUBRAVKA BAJKIN and AURORA MUK*

Institute of Chemistry, Faculty of Science, University of Now' Sad, YU-21000 Novi Sad

and *The Boris Kidrif Institute of Nuclear Sciences, P.O.Box 522, YU-11001 Belgrade, Yugoslavia

The influence of organic solvents (dioxane or acetone) on the complex formation of calcium

and barium with the reagent 2,7-bis-(4-carboxybenzene-azo)-l,8-dioxynaphthalene-3,6-disulphonic

aicd was investigated. In the presence of organic solvents (dioxane or acetone) up to 50% (v/v)

a complex of type III (that appeared in water media at pH=2) is not forming. In the presence

of organic solvent from 50—90% a complex of type HI is forming, but the absorption maximum is

shifted for about 1 5 nm to the longer wavelengths. In the presence of organic solvents from 90—99%

barium with the reagent is forming a complex of the so-called type IV, giving absorption maxima at

616 and 672 nm. Calcium is forming with the reagent the same type of complex only in the presence

of 99% of acetone in the solution. The possible structure of the type IV complex is discussed.

(Received 14 July 1983)
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ГЛАСНИК ХЕМЩСКОГ ДРУШТВА БЕОГРАД

ВШХЕТ1Ы ВЕ ЬА 80С1ЁТЁ СНШК21Ш ВЕООКАБ

48 (11) 759—764 (1983)

СНЬЪ-971 1ЮС 546.92:543.51

Опцию! зсмпН/к рарег

СМЕТВЬЕ ПРИ ОДРЕЪИВАН>У ПЛАТИНЕ АТОМСКОМ

АПСОРПЦИОНОМ СПЕКТРОФОТОМЕТРЩОМ

ВАСИЛЩА Ж. ГЛИГОРЩЕВИЪ.

Кашедра за аналишичку хеми)'у, Техно/юшко-мешалуршки факулшеш Универзишешау Београду,

й.йр. 494, 11001 Београд

(Примл>ено 16. фебруара 1983; ревидирано 22. септембра 1983)

Испитани су по)единачни утица)и сметки паладщума, бакра, гвоифа,

никла и кобалта на одре})иван>е платине методом атомске апсорпционе спектро-

фотометри)е. У двокомпонентним системима Р1—Ме (Ме=РсЗ, Си, Ре, N1, Со)

опсег концентраци)е платине износи 20—140, паладоцума 50—300, а бакра,

гвоифа, никла и кобалта 100—1000 в/т3. Сви испитани метали показу)у де-

пресивне утица)е на апсорбанцщу платине, мерену на таласно) дужини 265,9 шп.

На основу експерименталних резултата поставл>ене су за испитане системе

функционалне зависности апсорбаыци)е од две независно промешьиве: концен

трациие платине и концентрациие присутног )она ко)и изазива сметке. Ове

функцще омогуЬу)у израчунававье концентраци)е платине у раствору из из-

мерене апсорбанци)е и одре^ене концентраци)е присутног страног )она. За

све испитане системе постигнута ;е добра тачност одре^иванл платине атомском

апсорпционом спектрофотометри)ом у присуству )она ко)и изазива сметвье.

Методе атомске апсорпционе спектроскогпф (ААЗ) ко)е се користе за

одре^ивавье микро-количина платине, компликоване су сложении проблемима

сметай услед присуства страних ]она у раствору у коме се мери апсорбан-

ци)а1-10. Експерименталне методе, до сада коришЬене, нису могле потпуно

да уклоне сметае на атомску апсорпци)у платине11-15.

Цшь овог рада )е испитивавье утица^а метала, ко)И се на)чешКе )авл>а)у

као пратиоци платине, на атомско-апсорпционо одре^ивавье платине (Рй, Си,

Ре, №, Со). Због немогуНности да се експерименталним методама у потпуности

уклоне утицами сметай, поклоаена )е пажаа идещ Нететапп-а1в, да се

проблем уклааааа сметай страних )она на атомско-апсорпционо одрефиваае

платине решава математичким путем. Ова) начин решавааа проблема створио

би могуЬност тачног одре^ивааа платине и других платинских метала у при

суству пратеЬих страних )она методом ААЗ, без примене сложених и дуго-

тра)них експерименталних поступака.

ЕКСПЕРИМЕНТАЛНИ ДЕО

За мереке атомске апсорпци;е коришНен )е атомски апсорпциоки спектрофотометар

Цшсат ЗР 90В Зепев 2, произвол фирме Рус 1Лнсат Ъхй., СатЪпдве. За емиси)у )е ко-

ришЬена лампа са шушьом катодом. Узорак )е у ношен у пламен помоЬу распршивача пнеу-

матског типа, преко коморе за раздва)ан>е кали ;коришпен )е ламинарии пламеник са )едним

отвором.
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Стандардни раствор платине првпремав )е: а) растваракем Н|[РгС1«] ■ 6Н*0 у

дестиловано) води и стаидардизаци)ои раствора гравиметрщским поступком

платине у облику (КН.| ::[Р1С1е] и жареи>ем до метала; Ь) растварадом

(99,99% Р1) У царско) води.

Ови раствори су раэ6лаживан>ем бидестилованом водом .

1000 в/т*. Разблаживавьем овог раствора добн)ен )е други стандардни раствор

концентраци)е 200 е т3.

Раствори палади)ума, бакра, гвож))а, никла и кобалта прнпремани су растваравьея

Н.ИХОПНХ хлорида у бидестиловано) води и ставдардизаци)ом добщеннх раствора нащо-

годни)им гравиметри)ским односно волуметрИ)Ским поступком. Раствор паладщума )е

раэблажен на концентраци)у 1000 в/тЭ> а раствори бакра, гвожЬа, никла и кобалта су раэ-

блажени до концентраци)е 5000 в/т>-

Раствори платине и палади)ума припремл>енн су уз додатак концентроване НС1

у шиьу суэби;ан>а хидролизе, тако да приближна концентраци)а ових раствора у односу

на хлороводоничну киселину износи 1,2 то1/агп3.

Апсорбанци)а двокомпонентних система мерена )е на резонантно) таласно) дужннн

платине 265,9 шп у низовнма раствора са различитим садржа)ем платине и присутног стране -

метала у одреЬеним опсезима концеятрапвда ових )она. За сваки двокомпонентни систем

Р1—Ме (Ме=Рс1, Си, Ре, N1, Со) припремл>ена )е сери)а од 49 раствора (7 низова по 7

раствора). Раствори су прнпремани у мерним боцама од 50 ст*. У овим мерннм бопама

концентраци)а платине износила >е 20, 40, 60, 80, 100, 120 и 140 в/пл3. Први низ раствора

био )е без додатка страног )она, а у осталих 6 низова концентраци)а додатог страног )она

износила )е: а. за систем Р1—Ра: 50, 100, 150, 200, 250 и 300 к/т3 Ра и Ь. за систем Рг—Ме

(Ме=Си, Ре, №, Со): 100, 200, 400, 600, 800 и 1000 в/т3 Ме. Као референтни раствор

коришЬена )е бидестилована вода.

Сва меретьа апсорбанци)е изведена су са пламенам смете в аздух-ацетилен. Проток

ваздуха одржаван )е на 5,0 агп3/ппп. Оптимални проток ацетилена износи 1,0 атп3/тш,

а оптимална висина пламеника 8 тт. Ови параметри су одрейени снимавшем

кривих раствора платине уз промену одговара)уНег параметра и одржаванье

метара константним, за опсег концентраци)е платине од 20—200 в/т3.

концентраци)е платине )е од 20—140 в/и3, )ер се у овом опсегу систем покорава Веег-овом

закону. Брзина усисававъа раствора износи 3,0 ст3/тш.

Испитиваньем стабилности стандардних раствора платине у опсегу концентраци)»

од 20—140 в/п»8, утврЬено )е да се раствори одржава;у стабилним 7 дана на собно) темпе

ратури и не показу)у промене алсорбанци)е. За све експеримейте су ипак прнпремани свежи

раствори непосредно пре мерен>а атомске апсорпци)е.

Испитиваньем утица)а хлороводоничне киселине на апсорбанци)у раствора платине

утвр^ено )е да се при повеЬавьу концентраци)е хлороводоничне киселине до 10% апсорбан-

ци)а раствора платине не меша. У нашим огледима коришЬени су раствори платине чи)и

ацидитет потиче од основног стандардног раствора платине.

Пошто хлоридни )они нема)у утица)а на алсорбатдпу платине, у испитаним опсезима

концентраци)е, сви кат)они су коришЬени у облику хлорида.

РЕЗУЛТАТИ И ДИСКУСЩА

Апсорбанци)е раствора снилпьене су са оптималним инструменталния

параметрима. Ова меревьа су показала потпуну репродуктивност резултата

и потврдила одре1)ену зависност апсорбанци^е раствора од концентраци)е

платине и концентраци]е додатног метала.

Резултати меревьа апсорбанци^е су показали да сви испитани метали

показу)У депресивне утица^е на апсорбанци^у платине. Са порастом концен

траци)е додатног метала апсорбашцф раствора платине )'е све нижа. У систему

Рг-Р(1 испол>ава)у се изразито правилне промене апсорбанщце са променом

концентраци)е платине и палади]'ума. У системима Рт-Ме (Ме=Си, Ре, Со)
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додатак метала у концентрацией до 100 §/т8 проузроку)е нагли пад апсор-

банщф раствора, а са датьим повеЬагьем концентращф метала снижеье

апсорбанци)е раствора )е ман>е. Депресивни утица) метала на апсорбанци)у

раствора платине )е утолико )аче изражен уколико )е концентрация платине

у раствору веЬа, тако да )е за испитани опсег концентраци)а на)'веЬи за кон-

центраци)у платине 140 д/т3 Рг, а на^манл за 20 §/т3 Рг. Наведени системи

покорава)у се Веег-овом закону у скоро целом испитаном опсегу концентра-

ци)а платине и додатног метала, т). одржана )е праволини)ска зависност

алсорбанщф раствора од концентращф платине. У систему Р1-Ы1 до кон

центраций никла од 200 д/т3 пад апсорбанци)е ни)е велики, а систем се по-

корава Веег-овом закону. Са повеКан>ем концентрапдф никла од 200—800

ё/т3 пад апсорбанци)е )е знатно веЬи, а лини)е зависности апсорбанци)е од

концентраци)е платине има]у криволини^ски ток. При повеЬаньу концентра-

ци)е никла изнад 800 §/т3 апсорбанци^а раствора се веома мало мевъа.

Депресивни утица) испитаних метала на апсорбанци)у платине, могао

би се приписати ствараау мало исларл>ивих комплексних соли платине са

додатним металима опште формуле Мег[Р1;С1в]п, односно Ме2/я[Р*С1в], где

)е п наелектрисан>е катиона, што би требало потврдити дал>им испитиван>ем.

ФУНКЦИОНАЛНЕ ЗАВИСНОСТИ АПСОРБАНЦЩА ОД КОНЦЕНТРАЦИИ

Математичком интерпретаци)Ом експерименталних резултата за испи-

тане системе поставл>ене су функционалне зависности апсорбанщф (г) од

две независно променл>иве: концентращце платине (д:) и концентращф при-

сутног страног )она (у). Цео опсег концентращф присутног страног )она од

0—1000 &/т3 углавном тф могао бити обухваЬен )едном функщфм, веК

)е подел>ен на два опсега, за ко)е су поставл>ене посебне функщф.

ТАБЛИЦА I ТАВЬЕ

Функционалне зависности алсорбанци)е г од концентрат;)а х и у

Везг ПК оГ йерепс!епсе$ о{ аЬзогЬапсез г оп сопсептгаиош х агкЗ у

Систем

5у8(ет

Опсег у

Капге о{ у
2= 1 (*> У)

Р1 — ра 0—1000 0,5дг-0,06>' + 5 (1)

Р1 — Си 0—120 0,67 х+5,2-0,01 (0,42х+1,2)> (2)

120—1000 0,24х+ 4,2-(0,02х+0,2) СУ-200)/800 (3)

Рг-Ре 0—120 0,5*+ 11 -0,01 (0,05х + 5Ъ> (4)

120—1000 0,4 1 х + 5 ,8 - 6,25 • 1 0"5 (у - 200) (5)

Р1-№ 0—300 0,5 х -0,05^ + 7 (б)

300—1000 700[апп1ов (0,00423 х + 1 , 1 32) - 1 2] /Су + 1 00) (7)

Рг-Со 0—50 (0,5х+11) (1-0,0353 л/У) (8)

50—1000 (0,35х+2) (56- \/125^)/38 (9)

Функщф г={(х,у) су релативно )едноставне и идш^у облике дате у

таблици I. На основу ових функщф (1) — (9) израчунате су апсорбанщф
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3a HcmnaHe CHcrejie ca y3eraj« KOHqeHTpaimjaina iuianiHe h npHcyrHor crpaHor

joHa.

 

JPt[g/m^]

CjiHKa 1 Figure

ynruaj Pd Ha ancopSaHUHjy Pt

Influence of Pd on the absorbance of Pt
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70
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1- Pt ,
2- Pt* 100 g/m'Cu
3- PU200 g/m'Cu
4- PU400 g/m? Cu
5- Pt* 600gfm:Cu
6- Pt* SOOg/mr Cu

lg(m3Cu

 

_i_

20 40 60 60 100 120 140 r „
Pt[g/m*]

CmiKa 2 Figure

Ynmaj Cu na ancop6amiHjy Pt

Influence of Cu on the absorbance of Pt

PeayjiTaTH Mepe&a ancopSaHHHja, Kao h H3payyHaBaH>a ancop6aHHHja H3

nocraBjBeHMx (hyHKimja npeacraBJBeHH cy Ha cjirocaMa 1—5. Ha aiijarpaMHAia cy

KOHTHHyajrHHM jnnnijaMa npeflcraBJBeHe Bpe^HocTii ancopSampija H3pa*ryHaTe H3

nocraBJbeHHX dpyHKUHja. Taunaivia cy 03HaueHe caivio OHe eKcnepHMeHTajrHe Bpe-fl-

HOCTH ancop6aHiyija Koje oacrynajy on H3pa^yHaTnx BpeflHOCTH, a H3MepeHe

ancopSaHUHje Koje ce noniyHO criaHcy ca H3paqyHaraM BpeflHOCTHMa h jiokc

Ha jiHHHjw HHcy noce6HO 03HayeHe.
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Из функщф г={(х, у), експлицитно )е изражена концентращф платине

х=И(у, г). Из функщф х={(у, г) израчунате су концентращф платине са

измерении апсорбащцфма и узетим концентращфма страних )она, као и

максималне апсолутне и релативне грешке израчунатих концентращф према

Утица) Со на апсорбанци)у Р( р 11111,,

1пПиепсе о* Со оп Ле аЬзогЬапсе оГ К 20 40 60 80 100 120 140рх^

узетим концентраци)ама платине. Резултати су показали да )е за испитане

системе, за одре^ене опсеге концентращф платине и страног )она, добфена

добра тачност одре^ивааа платине у присуству страног )она, т). грешке су

у грашщама дозвол>еним за одре^иваье племенитих метала на нивоу ниских

концентращф.

Ова) приступ проблему уклаьавьа сметай на атомско-алсорпционо

одре^ивавье платине пружа могуЬност да се из поставл>ене функщф израчуна

садржа) платине у раствору на основу измерене апсорбанщф и одре^ене

концентращф страног )она. Одре^иванье концентращф пратеКих простих

метала )е уопште узев лакше и )едноставни)е, са веЬим избором метода и за

ову сврху са ман>им захтевима у погледу тачности одре^иваьа. Ова) начин

би се могао проширити и на вишекомпонентне системе, за юф би се тражила

функционална зависност апсорбанщф од више независно променллвих, т).

концентращф више )она или од суме концентращф пратеЬих )она. Ова

метода би могла да на1)е примену у индустри]ским лаборатори)ама, у копима

се анализира велики бро) узорака приближно сличног састава у погледу

врете и концентращф страних )она, ко)И прате платину или неки други

племенити метал. Емпири)ске ]едначине треба да се поставе на основу резултата

доби]ених са одре^еном апаратуром и експерименталним условима.

Слика 5 р1§дге
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SUMMARY

INTERFERENCES IN THE DETERMINATION OF PLATINUM BY ATOMIC

ABSORPTION SPECTROPHOTOMETRY

VASILIJA 2. GLIGORIJEVlC

Department of Analytical Chemistry, Faculty of Technology and Metallurgy, University of Belgrade

P.O.Box 494, YU-11001 Belgrade, Yugoslavia

Separate interferences of palladium, copper, iron, nickel and cobalt on the determination

of platinum by the method of atomic absorption spectrophotometry are investigated. In the two-

-component systems Pt-Me (Me=Pd, Cu, Fe, Ni, Co) the concentration range for platinum is

20—140 g/m8, for palladium 50—300 g/m3, and for copper, iron, nickel and cobalt 100—10OO

g/ms. All metals studied show a depressive influence on the absorbance of platinum, measured

at the wavelength of 265.9 nm. From experimental results for the systems investigated, the func

tional dependences of the absorbance on two independent variables (concentration of platinum

and concentration of the present interfering ion) are found. These functions enable a calculation

of the concentration of platinum in the solution, from the absorbance measured and the concen

tration determined of the present interfering ion. For all systems investigated a good accuracy

of the determination of platinum by atomic absorption spectrophotometry in the presence of the

interfering ions is achieved.

(Received 16 February 1983; Revised 22 September 1983)
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ГЛАСНИК ХЕМРЦСКОГ ДРУШТВА БЕОГРАД

В1ЛХЕТ1Ы БЕ ЬА 80С1ЁТЁ СНШ1<5ЦВ ВЕООКАЛ

48 (11) 765—771 (1983)

7НГУВ-972 1ЛЭС 543.42:547.979.7

Оп$1па1 $сгеп1г/к рарег

СПЕКТРОХЕМЩСКА ИСПИТИВАН>А ХЛОРОФИЛЛ ПЕЪИНСКИХ И

ДРУГИХ ЛОКАЛИТЕТА

1ЕЛИСАВЕТА М. БАРАНАЦ, ВИДОСАВА М. ГЕОРГЩЕВИЪ-ВУКАНОВИЪ и

ДРАГИША Ч. СПИРИДОНОВИЪ*

Инсшишуш за физичку хемщу, Природно-машемашички факулшгш, Београд и РО „Галеника-

-лекови", ООУР Коншрола квалишеша, Београд

(Пришьено 27. )уна 1983)

НасташынуЬи каша ранила проучавагьа оксигенационих процеса и н>и-

ховог механизма одигравака у разним комплексним органохеми)°ским хромо-

форама, износимо прве податке о испитиван>кма повашшьа биохемщски зна

ча)ног хлорофилског хромофорног система и то: прво, при природою ограни

чении условима за н>егово фотохеми)ско функционисан>е; друго, кад проуча-

вани систем функционише под неприродно поремеЬеним условима, на тзв.

„слободно) атмосфери". У раду )е први од поменутих задатака обращен на

)едном нашем пекинском локалитету, док су за обраду другог задатка анали-

тички узорци узимани са дрвеЬа прометних саобраКа)ница Београда, где )с

„хеми)ско-еколошка зелена средина" била врло нарушена.

Приликом посете Ресавско) пеЬини, ко)а се налази у пределу Горше

Ресаве, Дивльаковачком пол>у, уочили смо, поред богатог калцитског и араго-

нитског накита и по)аву модрозелених мрл>а у близкий рефлектора коришЬених

за осветл>аван>е пеЬине.

По)авл>ивавье хлорофилских формащф на локалитетима са повременим,

неприродним осветл>аван>ем и релативно дефицитарним условима за нормалан

биосинтетички процес, одлучило нас ]е да приступимо овим испитивавъима.

Цил> овог рада )е спектрофотометрИ)Ско испитивавье уочених хлоро

филских формалина у зачетку, утвр^ивавъе квалитета, редоследа и кинетике

ьиховог настанка, као и упоре^ивавье тих испитивавъа са спектрима хлоро

филских формалина код изразито виших, ванпеКинских бшьака, али евен-

туално поремеНених „хеми)ски" у свом нормалном функционисавьу.

ЕКСПЕРИМЕНТАЛНИ РАД И РЕЗУЛТАТИ

Комерци)'ални узорци хлорофила а (СЫа) и хлорофила Ь(СЫЬ) фирме 81вта, САД

(хроматографске чистоНе) коришКени су као примарни стандарди у овом раду. Употреб-

л>ени растварачи су биш углавном спектрохемщске чистоКе, фирме Мегск — 0уазо1. Апсорп-

циони спектри су мерени на спектрофотометрима: Бресогй У13, Сагу 17Э и Руе Сшсат

ЗР8—100 у ЦУ и У18 областима. Прецизиран>е пекинских и ванпеКинских узорака биЬе

дато у допьем тексту.

* Аутори се захвал>у)у проф. др Слободану РистиЬу и проф. др 1овану Петровичу

на сугешцама и иятересован>у за ова испитиван>а.
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AncopnijHOHH cneKTpH Haumx craHAap^HHx, KOMepnHjajiHHX y3opaica Chla

m Chlb, y eipy Kao pacraapaqy, npm<a3aHH cy Ha en. 1. OmirrH H3rjiea obhx

cneKTapa, kojh je y floSpoj carnacHOCTH ca jim-epaTypcKHM noflainma1, noKa3yje

KapaicrepHcrHTOe, octioaue o^h. HajayroTajiacHHje TpaKe y o6jiacTH 665—640 nm

h HajHHTe3HBHHje, e/iaeue Tpane y oncery TanacHHx ayjKHHa 470—430 nm.

 

600rm A.

CjiHKa 1 Figure

AncopnuHOHH cneKTpn crannapflHirx, ko-

MepuHjanHHx y3opaKa Chla h Chlb y

eipy (Cary 17D cneKTpoeboTOMCTap),

Absorption spectra of the standard sam

ples of commercial Chla and Chlb in

ethereal solution (Cary 17D).

 

500 603 TOOtm^

CriHKa 2 Figure

AncopnuHOHH cneKTpH CMenie craHBapfl-

hhx y3opaKa Chla h Chlb y aijeTOHy

(Specord UV, VIS).

The absorption spectrum of mixture

(1 :1) from standard samples Chla and

Chlb in acetonic solution (Specord UV,

VIS)

3HajyhH m o^hoc Chla h Chlb Bapnpa y npHpo^Hoj (pjiopn y 3aBHCHOCTH

ofl eBOJiyTHBHor CTaaa pacTHaa, reHercKHX, Mera6ojnra<HX h flpyrHx (paicropa,

noKyuiajm cmo fla ce y eKcnepHMeHTajiHOM paay npuSjiiOKHMO thm ycjioBHMa

in vivo, y tom CMHcny npaTHJiH cmo cneKTpe pacrBopa paamrarrHX KOHneHTpa-

HHjcKHX oflHOca Chla h Chlb, y aueroHy Kao pacTBapaiy. Pe3yjrraTH thx Mepeaa

npMKa3aHH cy Ha en. 2. CneKTap CMeme XJiopocbHJia a h b (y oflpocy 1 :1) y nope-

r)eH>y ca cneicrpHMa craHflapflHHX y3opaKa, ca Here onine, noKasyje nopea Tpana

xnopocbHJia a, KapaKrepHCTHMHy ancopnuHjy h 3a xjiopodpun b, Koja ce MaiiH-

(pecryje y upeeojy Ha KpaTKOTanacHOM flejry ocHoem TpaKe h jom MHoro H3pa3HTHjeM

MaKCHMyMy Ha ayroTajiacHOM fleny Soret-OBe TpaKe. Bpoj ancopnnHOHHx Tpaica,

H3Mer)y ocmene h eAaeue, Soret-OBe TpaKe, ce y obom KOHueHTpauHOHOM oflHocy

Chla h Chlb He noBehaBa.

HcnHTHBaH»a nehHHCKHX y3opaKa BpuieHa cy Ha ABeMa rpynaMa y3opaKa

y3CTHX y pa3JDWHTHM BpeMeHCKHM nepHOflHMa. IlpBy rpyny uhhhjih cy y3opuH

H3 1976. r. (RPU — 1976) ca JiOKanHTCTa Ha3HaMeHHX 6pojeBHMa op, 1—8 Ha

nnaHy nehHHe2, en. 3 (y3opnn no« 6pojeBHMa op 1—7 cy H3 nehime, a y3opaK 8

je twhvwfl HcnpeA nehHHe). Jtpyra rpyna y3opaKa y3era je H3 nehHHe 1981. r.

(RPU — 1981) ca JioKanHTera o6ene>KeHHX 6pojKaMa 2', 5', 6' Ha cn. 3. BHCHHCKa

paaratKa H3Mer)y yjiacKa y nehray h Ha]py6ibwx aejioBa nehHHe H3hoch oko 100 m.

XnopodpHJicKH nHTMeHTH cy H3 y3erax y3opaKa eKcrpaxoBaHH aneroHOM,

na 3aTHM nocjie ynapaBaaa y BaKyywy, pacraapaHH y erpy sura eraHOJiy Kao ppynm

KopmnheHHM pacrBapaqHMa.
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OiHKa 3 Figure

ITnaH PecaBCKe nehirae ca HOTaiwjoM y3eTHX nehnHCKHX ysopara.

The interior view and site notations in the Resava Cave where the samples were taken.

QviaTpajyhH fla je y3opaK 8, Kao BaHnehHHCKH y3opaK Ham pe<pepeHTHir

y3opaK, nociwaTpajTH cmo noHauiaae cneicrapa ocrajnix nehmicKHx y3opaKa npBCH-

CTBeHo y o^Hocy Ha H.era. CneicrpH y3opaKa 2, 6 h 7, npnKa3aHH Ha cji. 4 y erpy

Kao pacTBapayy, cy o/jcrynajiH Ofl cneicrpa pedpepemHor y3opna 8 ca cji. 5. Hjhxobo

 

600 7CCrmi.

 

CiiHKa 4 Figure

AncopmntoHH cneKTpH nehimcKHX y30-

paKa H3 1976 r. No. 2, 6> 7 y eipy

(Cary 17D).

Absorption spectra of the cave samples

taken in 1976 Nos 2, 6 and 7 in ethereal

solution (Cary 17D)

Cjihkh 5 Figure

AncopmntoHH cneKTpH yaopaioi H3 1976.

r. No. 4, 5, 8 y eTpy (Cary 17D).

Absorption spectra of samples taken in

1976. Nos 4, 5 and 8 in ethereal solution

(Cary 17D).



768 EAPAHAU, TEOPrHJEBITE-ByKAHOBirB ■ CnHPHflOHOBKB.

cnercrpajiHO noHamajte (b. cji. 4) jiocTa oacryna h on cneicrapa hhcthx, CTaimap/x—

hhx, y3opaKa xjiopocpmia a h b npnKa3aHiix Ha cji. 1. To ce Hapomrro Hcnojbajsa

y nojaBJBHBa&y nyroTajiacHe TpaKe oko 690 nm. KapaKTepHcnrqHa ancopmptja

3a Chla je H3pa>KeHa npeKO MaKCHMyMa ocHoene TpaKe cjiaGnjer HHTeH3HTeTa oko

663 nm h Heurro nirreH3HBHHje Soret-OBe TpaKe.

CneKTpH y3opaKa 4 h 5 ca en. 5 cy CKopo HneHnraHH ca cneiapoM Ban—

nehHHCKor y3opKa 8 ca Here cnHKe, h itHxoBa crpyKTypa cneicrapa je 6jmraca

cneicrpHivia KOMepnHjajiHHx, craHnapjrHHX, y3opaKa xjiopo(|)HJia (b. cji. 1). Ilope^x

HHTeH3HBHHje ocHOBHe TpaKe Chla, npHcyraH je Behn 6poj Tpaica h HHrepBajxy

TajiacHHX jry>KHHa oa. 500—600 nm, Kao h 6jiarn npeBoj Ha ayroTajiacHOM flejiy

Soret-OBHX Tpana (X=427 nm) KapaicrepHCTHMaH 3a npncycTBO ohh. nojaBJBHBaH>e

Chlb (b. cji. 2). Mepen>a hcthx y3opaKa y eTaHOJiy Kao pacrBapaqy, cji. 6 a, b>

noKa3HBajia cy HfleimraHa noHamaita ca nperxoflHO onHcaHHM, yKa3yjyhn Ha iipn—

KJiaaHocr Kopmuheita h OBor pacrBapaqa y HaniHM MepeibHMa.

 

OiKKa 6 Figure

AncopmiHOHH cneKTpn y3opana H3 1976 r. y eTaHOJiy (Cary 17D): a — No. 2, 6, 7, b — No.

4, 5,8

Absorption spectra of cave samples taken in 1976 in ethanolic solution (Cary 1 7D) : a — Nos

2, 6 and 7, b — Nos 4, 5 and 8

Ha cji. 7 npnKa3aHH cy cneicrpH y3opaKa HOBHjer jjaiyMa, H3 1981 . r. YsopiTH

5' h 6' HHajTH cy H3rjien. MaxoBHHacTHX (bopiwanHja rok je y3opaK 2' npcncxaBAao

je/ncy Bpcry nanpaTH. nociwaTpa&eM cneicrapa obhx y3opaKa, npm<a3aHHx Ha

cji. 7, yo^aBa ce H3Beaia paanHKa: H3pa3HTHje xjiopcxjnuiCKe (bopiwanHje cy yoM-

jbHBe HapoqHTo KOfl y3opKa 2'(icpHBa 2'). Ilopefl KapaKTepHcncrHe ancoprarHje

3a Chla, jaBjta ce npeBoj Ha KpaTKOTajiacHOM flejry ocuoene TpaKe Chla, Kojn je

KapaKTepHcnrqaH 3a Chlb. H3paHHTH MaKCHMyM Ha jryroxajiacHOM flejry Soret-OBe

TpaKe, oflroBapao 6h 3HaTH0iw canpacajy Chlb, Kao urro ciwo yomum Ha cji. 1 h 2.

ITpH HcnHTHBaBbHMa xjiopocpHJia bhuihx, BaHnehHHCKHX SmtaKa kophcthjih

cmo jmuihe flHBJber KecreHa (Aesculus hyppocastanwn). OBaj H36op HHje 6ho

cjryqajaH. y aBrycry Meceiry 1981. r. yomum cmo hcoShhho noHamaite KecTeHOBor

flpBeha y okojihhh je/jHe npoivieTHe, noue-me ayToSycKe cramme y Beorpajry.

Jlnnihe hoh>hx flejiOBa OBor npBeha je 6hjio HcyroMpKO, BeoMa omTeheno, „ca-

ropejio" op, H3AysHHX ayroMoSHJicKHX racoBa, aok ce npn Bpmy jrpBeha, hcthx

crafjajia, nojaBHJio hobo MJianp 3ejieH0 jranrhe h iiohobhh iiBer. CneicrpH eKcrpaicra

jenHaKHx noBpinHHa HOBor, MJianpr jfflCTa KecreHa (KpHBa I), 3araM 3ejieHor
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aena Jfflcra kojh je ffejuimiHP npoaKaeH (tqptma II) h oiirrchcHor /jena top hctot

jnKsa mcwb (KpHBa III) npHKa3aaH qr Ha en. 8. HopMajme cnempanHe KapaK-

opcxpitia cy npHcyrae ko« y3opana I h II, Ma^a ce HHTCH3HTeTCKH

paanHKyjy, H3paH<aBajyhH pa3ynui>HB0 BehH canpxcaj xjiopo-
 

AncoprmHOHH cneiopH y3opaKa H3 1981 r. y

aneroHy No. 2', 5', 6' (Unicam SP8-100).

Absorption spectra of cave samples taken in

1981 in acetonic solution Nos: 2', 5' and 6'

(Unicam SP8-100).

 

350 00 500 600 7C0n»-l

OiHKa 8 Figure

AncopmtHOHH cneKipB aneToH-

CKor eKcrpaia xjiopcxpHJia H3

jiHiuha flHBJber KecTcna: KpHBa

I — mjuah jihct; Kpsaa II —

scjkhh fleo nemotmHO onrre-

heHor jiHCTa; KpHBa III —

onrreheBR, MpKH fleo jihcts

(Specord UV, VIS) H3 1981 . r.

The absorption spectra of

chlorophyllic extracts in ace

tonic solution from the leaves

of horse chestnut: Curve I—

— young leaf; Curve II — the

still green part of a partially

deteriorated fully developped

leaf; Curve III — the browned,

etiolated part of the same leaf,

taken in 1981 (Specord UV,

VIS).

<pHJia y MJiaflOM jracry. CneKrap eKCTpaicra npoineaeHor flejia jmcra (KpHBa III,

cji. 8) je H3ry6Ho KapaKrepHcnFmy ancopmmjy 3a xjiopcxpHJi. Y aeMy 3aocrajy

GnarH npeBojn Kao TparoBH nocTojaH>a OBe xpoatocpope, Koja je „HacKiiHo" ourre-

heHa flejiOBaaeM npHcynooc 3araf)HBa<ja, Kao xeMHjcKHX areaaca.

.HHCKYCHJA H 3AKU.y^mH

Haiua cy HanrrHBa&a npeKO ancopnqnoHHX cneicrapa KopnwhenHx nehHH-

ckhx y3opaKa, y3 npHKJia^HO nope^eae ca cneicrpHMa craHflapAHHX y30paKa

Chla h Chlb h y3 flonyHCKH K36op petpepeirrHor y3opKa 8, noKa3ana je H nofl
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Heyo6HHajeHHM, cnejieojioiiiKHM ycnoBHMa Moryhe Hacrajaae xJiopocpHJiCKioc <pop-

iwanHja. Jasnaae paamrmTHX xjiopodpHJicKHx {bopiwauHja, Koje je BofteHO npBen—

CTBeHO reHCTCKHM 4>aKTOpHMa, H BepOBaTHO MOflH<|)HKOBaHO JIOKaUHHM MCTa-

6ojhfikhm 4>aKTopHMa, Morjio je na 6yae npaheHO K03 BehHHe nehHHCKHX y3opaKa

cneKTpoancoprapioMeTpHjcKHM nyTejw (cji. A—7).

Kofl xjiopo(J)Hjickhx (bopMaimja hhjkct pacnnba Moryhe je cneicrpoancopn-

imoMeTpHjcKH ^ereKTOBaTH npseHCTBeHO Chla h to y HeKoj BepoBaTHO aHMepHoj

mm MOHOXHflpaTHoj (popMH (X=691 nm). OBa npeTnocraBKa je y*mH>eHa Ha

ocHOBy He caino HaiuHX MepeH>a3, Beh H KOHcraTauHjaMa flpyntx ayropa H3BefleHH

Ha ocHOBy noHamaH>a craHflapflHHx y3opaKa Chla h Chlb y pa3jnpmTHM pacma-

pamuvia4-6. y mpyrHM cpa3aMa HacrajaH>a xjiopocpnncKHx (bopMaimja jrojia3H m>

H3pa3HTHjer nojaBJBHBaH>a Chlb, KojH ce HcnojBaBa y MaKCHMyiny mm npeBojy Ha

jryroTajiacHOM aejiy ochobhc TpaKe Chla (b. onnte 2, 5 h 7). Behn 6poj MancHMyMa

y oGjiacTH TajiacHHx #y>KHHa ofl 470—550 nm, youtHB koa cneicrapa Ha cji. 5

a flOHemie h Ha cji. 7, Morao 6h ce npHrmcaTH nojaBJBHBa&y Apyrax noMohHHX

nHTMeHaTa, KapoTKHOHjmor rana, Kao no3HaTHX nparaoqa xJiopcxhmicKe xpo-

nuxbope.

Ha ocHOBy cneKTpoancopnHHOMeipHje xjiopo4>HJiCKHX (popMarmja K03 H3-

pa3HTO BHiimx BaHnehHHCKHx 6mi>aKa — ajm „xeMHjcKn" nopeivieheHHx y cbom

Hop«ajiHOM (byHKUHOHHca&y, Mory ce H3ByhH Ba>KHHjH 3aKJby*mH Kano o OKCHre-

HauHOHoj 6Ho4)yHKifflOHajiHOcrH caMHx xJiopo(pHJicKHx MOJieKyjia (a h b), c je/me

crpaHe, xaKO h o 6htho peMeTehHM cnojBaunfcHM ckojiouikhm ycnoBHMa. Haum

pe3yjiTaTH, Koje CMaipaMO 3acajj npejiHMHHapHHM , yna3yjy Ha MoryhHocr h noTpefjjr

HeonxoflHor er3aKTHor npahen>a Beh oflMaicnor yrpo»aBaH>a BHTajiHO 3Ha^ajHor

OKCHreHauHOHor nponeca 3a caB opraHH30BaHH cbct Kano y fjjooKoj okojihhh,.

Tano m Ha Hamoj njiaHera.

SUMMARY

SPECTROCHEMICAL STUDY OF VARIOUS CHLOROPHYLLS FROM CAVE ANT>

OTHER LOCALITIES

JELISAVETA M. BARANAC, VIDOSAVA M. GEORGIJEVIC-VUKANOVlC and

DRAGISA C. SPIRIDGNOVIC

Institute of Physical Chemistry, Faculty of Science, University of Belgrade, P.O.Box 522,

YU-11001 Belgrade, and Quality Control, Galenika-lekovi, Belgrade, Yugoslavia

Continuing our earlier investigations of oxygenation processes and their mechanism func

tioning in various complexed organochemical chromphores, here are reported the first data on the

behaviour of the biologically important chlorophyllic system: firstly, under naturally limited con

ditions (NLC) for its photochemical functioning; seconly, when the system studied does

function under un-naturally distorted conditions (UDC) although still on the so-called „open

atmosphere". The results obtained may still lead to summarize towards a more general conclusion

for possibility as well as necessity for a more rigorous control in pursuing of the even more growing

interferences with vitally important oxygenation processes not only of the both kinds (NLC)

and (UDC) here shortly discussed, but for all the biological world of our planet.

(Received 27 June 1983)
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EXTRACTION OF COPPER BY AN ALKYLATED

7-HYDROXYQUINOLINE

FILIMENA A. POPOSKA, DUSAN A. TONIC and ALEKSANDAR N. GRIZO

Institute of Chemical and Control Engineering, Faculty of Technology, The Cyril and Methodius
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The influence of pH, initial concentration of copper in the aqueous phase,

concentration of reagent, temperatureand degree of agitationon the extraction equilib

rium and kinetics of copper extraction with alkylated 8-hydroxyquinoline, was

investigated. The calculated values of the distribution coefficients, rate constant of

extraction and energies of activation enable the determination of the mechanism of

the process. An expression for the temperature dependence ofthe diffusion coefficient

was derived.

In the last decade liquid-liquid extraction with chemical reaction is commonly

used in chemical industry in recovering metals from leach liquors. A number of

publications has been devoted to the characteristics of different extractants1-4.

A great majority of published papers is concerned with the study of the influence

of pH, phase ratio, initial concentration of the organic and aqueous phase, tempe

rature and other parameters relevant for the equilibrium state. As earlier the extrac

tors were designed according to the equilibrium stages, kinetic effects tended to

be ignored5. On the other hand for the design of extraction equipment on a rational

basis, the description of the extraction rate expressed by the relevant factors is

necessary8. Therefore, in the last years much attention was payed to the study of

the kinetics and mechanism as well as to the modelling of extraction processes.

In modelling of extraction processes several steps are involved such as deter

mination of equilibrium and kinetic data as a function of the relevant parameters,

determination of the constants and coefficients in the kinetic equations and on the

basis of such data formulation of the model equation and its solution.

For the extraction of copper from leach liquors many commercial chelating

extractants are used as: Lix, Kelex, Acorga and others.

In this paper are reported some of the investigations of the influence of pH,

temperature, degree of agitation, concentration of the solute and solvent on the

kinetics of copper extraction with an alkylated 8-hydroxyquinoline with a trade

name of Kelex 100, from sulphuric acid solutions using Solvesso 150 as diluent.

According to the experimental results obtained the rate constant of extraction

and coefficient of molecular diffusion were determined. The equation used for

the determination of the diffusion coefficient represents an approximate model

for the investigated extraction system.
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EXPERIMENTAL AND DISCUSSION

1. Investigations with agitation

The investigations were carried out in cylindrical cells 1 5 cm high and 3.88 cm

diameter with four baffles 3.0 cm high and 0.3 cm wide, with concave bottom.

The experiments were performed with 10 ml each aqueous and organic phase.

The kinetics was investigated at 125—1500rpm of the stirrer. The concentrations

of the solution were 0.9—2.5 g dm-3, while the concentration of the extractant

Kelex 100 ranged from 1 to 5 vol %. The investigated pH range was 0.8 — 4.5.

The temperature range was 20—50°C. Kelex 100 was supplied by Ashland Chemi

cals, Columbus, Ohio. Working solutions where made from the fresh untreated

reagent. Analysis of copper was carried out with a Pye Unicam spectrophotometer

SP 6-^00 UV.

The influence of the initial pH on the extraction rate and equilibrium state

is shown in the representative Fig. 1. From these data it may be concluded that

 

Fig. I. Percentage of copper

extraced as a function of time

and pH. Three vol. % Kelex

100, (Cca)o=2.5 g dm"3, at 1000

rpm and 293 K.

the initial pH has an influence on the time necessary for reaching equilibrium,

but has no influence on the equilibrium state above pH=2.0. Therefore, further

investigations were carried out at pH=4.05, which is in fact the pH of the solution

without adding acid.

Fig. 2. Percentage of copper

extracted as a function of time

and temperature. One vol %.

Kelex 100, (CCu)o=0.9 g dm"3,

500 rpm.

Some of the results showing the effect of the temperature on the kinetics,

of a solution containing 0.9 g dm-3Cu and 1 vol % Kelex 100, at 1000 rpm, are

given in Fig. 2.
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In the investigated temperature range 20—50° the effect of the temperature

is analogous to that of the pH. The increase of the temperature has an influence

on the rate of extraction but shows no effect on the equilibrium state.

Fig. 3. represents a plot of log Kz> versus temperature for different copper

and Kelex 100 concentrations at 500 rpm. The data of this figure confirm this

statement also in the case of other concentrations. It turns out that the temperature

will appear as an independent variable in the rate constant and in the diffusion

coefficient.

a
V

Fig. 3. Distribution of copper as

a function of temperature. 500 ,

rpm. *

voL". 3 dnr?
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The influence of the degree of agitation on the kinetics is evident from the

representative Fig. 4, which represents a plot of extracted copper versus time of

extraction with l vol % Kelex 100.
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Fig. 4. Percentage of extracted

copper as a function of stirring

speed and time. One vol. %

Kelex 100, (CCo)o=1.2 g dm-*.

pH=4.05, 293 K.

Two distinct regions are evident showing different influences of the hydro

dynamics on the overall rate of copper extraction. The number of 700 rpm repre

sents the uper limit where the rate of diffusion is a limiting step. For the investi

gated cases containing increased quantities of Kelex 100, this limit moves toward

lower degrees of agitation. Such data enable the determination of the necessary

residence time for attaining equilibrium according to the degree of agitation.

All the futrther investigations of the kinetics of extraction were carried out

at 1000 rpm in the duration of two minutes. According to the obtained kinetic

data the rate constant could be evaluated7.

Presenting the experimental results of the kinetics in a semilogarithmic

plot ln(Ccu)(/(Ccu)o=f(0> where: (Ccu)t is the copper concentration in the aqueous

phase in the time t, and (Ccu)o the initial copper concentration in the aqueous

phase, for systems containing copper 0.9—2.5 g dm-3 and Kelex 100 1—5 vol %
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it comes out that this dependence can be adopted as linear for all investigated

cases. In Fig. 5 is shown the obtained linear dependence for the case of extraction

of a solution containing 1.6 g dm~8Cu, with 2 vol % Kelex 100 at different tem

peratures.

 

Fig. 5. Time dependence of copper

concentraction in the aqueous

phase at various temperatures.

1000 rpm, (Ccu)o«=1.6 g dm-3,

2% Kelex 100.

From the slope of the curves the values of the rate constant of extraction

K were calculated for all the investigated cases. The temperature dependence of

the so obtained rate constant could be derived from the plot lnK=f(ljT). The

results could be expressed as:

/C=^rexp(-2274/r). (s"1) (1)

The values of the constant AT depend on the combinations of the concen

trations of copper and Kelex 100. The obtained values are in the range 89 — 148.

The numerical values of the exponent of eq (1) which includes the enyrgy

of activation and the constant R, is the same for all the investigated cases. It turn

out that the values of the enyrgy of activation are independent of the investigated

combinations. For all the investigated cases (at 1000 rpm) it was found out this

value to be 18.9 kj/mol. The same value of the energy of activation for all the in

vestigated cases confirms the fact that above 700 rpm the rate of mass transfer

becomes independent of the degree of agitation.

This fact allows the degree of agitation to be excluded as independent variable

by describing the mechanism of the process. It comes out that the overall rate of

the process could be determined by the rate of the chemical reaction. However,

this was not confirmed by the values of the activation energy determined from the

Arrhenius plot lnJC=f(l/T).

By designing a system for extraction the choice of the operating conditions

depend largely on whether a chemical or a dynamic regime prevails. As in the

investigated case, the degree of agitation was eliminated as an independent variable,

it comes out that only the temperature dependence will determine the slowest

rate controlling step7-9.

The low values of the activation energy confirm that the rate of diffusion

through the limiting boundary layer is the slower rate controlling step. The cal

culated 10° temperature coefficient was below 1.5, which again shows that in the

investigated system diffusion is the prevailing rate controlling step8.*.12.

In favour of this statement is also the fact that the investigated system is

characterized by a very fast chemical reaction.
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2. Determination of the diffusion coefficient

For the determination of the diffusion coefficient of copper sulphate a cell

was used having a diameter of 3.88 cm with flat bottom. The thickness of each

stationary layer of both phases was 2.SS cm. The investigations were carried out

with solution containing 1.6 g dm-8 Cu and 1—3 Vol% of Kelex 100 in the temper

ature range 20—60°, whithout agitation.

As the copper concentration in the aqueous phase changes with the time only

along the thickness of the layer, for the given geometry of the cell, one dimensional

mass transfer could be assumed, which could be described by the second Fick

f^-fiC (2)

It was assumed that: a) the chemical reaction is very fact (instantaneous in

comparison with the rate of diffusion), b) the chemical reaction occurs on the inter

face, which allows the elimination of the term f(C) from eq. (2), c) all the thickness

of the aqueous layer represents a diffusion layer.

The diffusion coefficient could be calculated from the experimentally obtained

kinetic data Ccu=f(x5 1) applying the solution for the so simplified eq. (2), with

the appropriate boundary conditions10:

r=0, Ccu=(Cc )0 for all x,

x=0, CCu=0

x=8, CCu=f(0 for > 0

where S is to thickness of the diffusion layer.

The average concentration of the remaining copper in aqueous phase was

also measured. The solution for the average change of the concentration along the

thickness of the layer was obtained with the integration of the solution of eq. (2).

From the values computed in this way the following expression for the temperature

dependence of the diffusion coefficient was obtained:

£=1.46x10-4 exp(-481.5/T) (cm2 s'1) (3)

The diffusion coefficient D does not show a dependence on the Kelex 100 con

centration.

The numerical value of the exponent in the above expression, which includes

the activation energy for diffusion and the constant R 12, is independent on the

concentration of Kelex 100. The obtained value of the activation energy for diffusion

was E =4 kj/mol. This value could be expected as for most mass transfer processes

occurring in liquid systems at or near room temperature, the activation energy

for diffusion is generally very small13.

The same kinetic data were used for the determination of the rate constant.

The temperature dependence of the rate constant could be derived from the plot

ln/C=f(l/r). The results could be expressed as:

K=Ar exp(- 480.64/ T). (h-1) (4)
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The values of the constant AT dependent on the concentrations of Kelex

100, are in the range 1.32 — 1.57.

The 10°-temperature coefficient from the expression (4) had a value

below 1.15.

The same values of the exponent in the expressions (3) and (4), and the low

values of the 10"-temperature coefficient in this case are the necessary evidence

for the reliability of eq. (3) for estimating the value of the diffusion coefficient.

As the diffusion coefficient is independent on the degree of agitation, while

the dependence of this coefficient on the concentration of the component of in

terest is negligible, the expression (3) can be used for mathematical formulation

of the investigated system at different temperatures and at different hydrodynamic

conditions.

H 3 b o a

EKCTPAKUHJA BAKPA nOMCRY AJIKHJIOBAHOr 8-XHJJPOKCHXHHOJ1HHA

«>HJIHMEHA A. nonOCKA, flyniAH A. TOHHTi u AJIEKCAHflAP H. TPH30

TexHOAoutKu (fiaxyAuieui, yuuaep3uiueui y Cxoujy, 91001 Cxouje

HcrmniBaH je ynm&j pH, KOHu,eHTpau,Hje SaKpa y BOAeHoj (pasn, KOHueirrpauHje eKcrpaK-

Tairra, TenuiepaType h 6p3HHe Meiuan»a Ha paBHOTe>Ky h KimeTHKy eKCTpaKuwje oanpa noiviohy

anKHJTOBaHor 8-xnjjpoKCHXHHonHHa (Kelex 100). noyema pH Bpe^HOCT pacTBopa H.wa ynmaja

Ha Bpeiwe noTpe6HO 3a ycnocTaBJban>e paBHOTe>Ke, ajin He.wa yrHuaja Ha paBHOTOKHo CTaite H3Hafl

pH=2,0 (en. 1). y HciWTHBaHOM Te,\mepaTypHOM noApyijy 20—50°, yTHuaj TeMnepaType je

aHanoraH yTHuajy npoMeHe pH. KoecpHiyijeHaT pacnoAeJie Kb noKa3yje ce He3aBHCHiiM on TeM

nepaType (cji. 3). Ep3HHa MemaH>a He,\ia yTHuaja Ha KHHeniKy ncnHTHBaHor cHCTawa H3HaA 700

o6/mhh (cji. 4). Ha ocHOBy 33bhchocth rrpnKa3aHHx Ha cji. 5 H3BefleH je H3pa3 (1) 3a TeMnepa-

TypHy 38BHCH0CT KOHCTaHTe 6p3HHe xe.MHjcKe peaKuaje K. BpeAHoer eKcnoHeHTa, KojH yKn>y*ryje

eHeprajy aKTHBaqiije h KOHCTaHTy R, hcth je 3a CBe HcmmiBaHe oiyiajeBe, aok je aKTHBauHOHa

eHeprHja 3a xejvmjcKy peaKiinjy £r=18.9 kj/mol. TewnepaTypcKH KoecpnmijeHT 3a 10° jiokh

Hcnofl Bpe/jHocTH 1.5. H3 OBora ce 3aKJbywyje aa y HcnHTHBaHoM curreMy /wdpy3Hja npeacraBjba

CTeneH KojH KapaKTepHiiie uejioKynaH npouec. OApet)UBaH>e AH<py3H0H0r Koe^HaHjeirra D

BpioeHo je Ha ocHOBy HcnHTHBafta KiiHeTHKe CHCTe.wa 6e3 Meujan>a. Y obom cjiyuajy H3BeAeHH

H3pa3H 3a TeMnepaTypcKy 3aBHCH0CT KOHCTawre 6p3HHe xe.MHjcKe peaKUHje H AHpy3HoHor KoetpH-

UHjeHTa AaTH cy H3pa3HMa (3) h (4). Here BpeAHOCTH eKcnoHeHTa y 113pa3n.ua (3) h (4), Kao

h HHCKe BpeAHOCTH TeMnepaTypcKor KoecpHUHjeHTa 3a 10° cy Aot<a3 o noy3AaHOCTH ynoipeoe

H3pa3a (3) npH MaTeMaTirwoj tpopMVJiaiiHjH HcnHTHBaHor cucTeMa Ha pa3JH«HTiiM TftvinepaTypaMa

h npn pa3JinwniM xHApoAHHaMHMKHM ycJioBHiMa paAa.

(npHMJbeHO 27. jyjia 1983)
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VTHUAJ <l>H3H^KO-XEMHJCKHX CBOJCTABA NiO/Al2Os — SiOa

KATAJIH3ATOPA HA ftHXOBY TEPMH^JKY CTABHJfflOCT

y OKCHJL\UHOHOJ ATMOCOEPH

HAJE^mA H. JOBAHOBH-R, rOPJAHA JI. BAJIHH-R H MHPOCJIAB B. CTAHKOBHTi

Ode.betbe 3a Kaiuaitusy, Hncuiuuiyiu 3a xtMujy, iiiexHOAOtujy u Mema.typmjy , Ibeiouieea 12,

11000 Eeoipad

(IlpHMJi.eHo 14. jyjia 1983)

y OKBHpy cHcieMaTCKor npoynaBaita 6p3RHe fleaKTHBaunje KaTajiHsaiopa

kojh ce npHMeayjy y npouecy /jo6njaH>a amntme antoctpepe HsyqaBtK je yraqaj

npHpofle bocto Ha creneH M£l)y,nejcTBa aKTHBHe KOMnoHCHTe ca KaMnoBGsnma

Bocm h Ha xefMirocy ctb6hjihoct nopo3He crpyKType NiO/AlaOt-SiOi KaTajiKsa-
■ropa. PeHflreHocrpyKTypHoM h xcsmJckom uuuimum MRMBaaropa ycTaHOBJMHo

je na hhkji-okcha, 6es oOaspa Ha oaroc oncHfla aiiyiuiuijyiai b CHJUuiHjyuu y ho-

actf, pearyje ca okchaom aJiyMHHHjyMa rpaflehH mote aKTHBHH HHKJi-aJiynHKaT.

Hnje aanaxccH npo/ryKT pearoa&a mucji-oKciwa ca CKJiHinijyM-/nioKCHaoM. YoieHo

je js» KawmanopH ca Beam yflenoM oKCH£a anyMHHHjyMa y aocNy noceayjy

6ojby TepMHWy craSmiHOCT nopo3He crpyKType.

riociynaK KBTajurnmKe KucoKOTenuepaiypHe OKcmWHOHC paarpqn&e hh-

>khx yrjBOBOflOHHKa KopHcra ce 3a Aoffajasbe pe^yKHHOHe raoie armoci^epe (Hi

a CO) noTpefee npH TepnuraKoj o6paAH paanmHTBx Merana. Y obom nociymgr

ce Kao KaTajnaaTop KopHcre chctcmh y KojHxa je aiciBBHa KOMnoHCHTa, hhkji-

-qkchAj HaHera Ha TepaaracH craSmiHe nopo3He Bodne. FIpoqecHH yaiOBH ca

paflHOM ittmepaiypoM ojj, 870 no 1100° m HaH3MeuH<iHo H3JiaraH>c K&ranBaaiopa

peflyKyjyhoj h oKCHAauHOHoj aTMoopepn, flOBOAe ao bctobc 6p3e aeaimiBaipije.

PeayjixtoH HcnHTHBa&a Kanumsaropa aeaKTHBHpaHHx y wwy KopHmhe&a

y nponecy noKa3yjy a* na^ h>hxobc aKTHBHOCiH vlotkc m 6yne nocjieffmja Meljy-

aejcTBa aKTHBHe KOMnoHeHTe ca HOcaqeM, npn ie»iy Hacrajy Maae aKTHBHe crpyK

Type, Kao h CMaH>e&>a aKTHBHe noupiHHHe KmanHaaxopa ycnen CHHTepoBan>a

Bocvnu y KaranBsaTOpHMa cHHTeTH30BaHHM ca anyMHHHjyM-TpHOKCHAOM Kao

Hoca^eM A0Jia3H ao Me^yflejcrBa HHKJi-oKCHUa ca ajryMHHHjyM-TpHOKCHAOM y3

o6pa30BaH>e aafBenae crpyKType HHKJi-ajryMHHaTa, kojh Hina Ma&y aKTHBHocr

y obom npouecy1-2. TeMnepaTypa Ha Kojoj noMHae aa ce o6pa3yje HHKJi-ajiyMHHaT

3aBHCH KaKO oa 4>H3UraKO-xeMHjcKHx CBojcraBa KaTajnoaTopa, mo h op, peaicqHOHe

cpeaHHe. HcmmiBaifca BpuieHa y unity yropljHBaifca Koje KOMnoHeirre H3 airy-

MOCHjTHKaTHor Hocana 6pwe pearyje ca hhkjiokchaom npeBOflehn ra y HeaKTHBHH

oSjihk, HHcy flajia jeflH03HaMHe pe3yjrraTe. KopnHJiOB h cap.3 cy aoujjih ao 3a-

KibyMKa fla y Hocaiy OBor THna KaTarai3aTopa He CMe «a 6yfle BHiue o« 2% SiOz,

jep OH Ca HHKJI-OKCHflOM Beh Ha 800° rpaflH HeaKTHBHH HHICI-OpTOCHJIHKaT, IHTO

H»ia 3a nocneAHny 6p3y AeaKTHBauHjy KaTajoi3aTopa. ITo hcthm ayropHMa je

fleaKTHBaipija KaTajm3aTopa 6pwa yKOJMKo je caflp>Kaj Si02 y aHMa BehH. Pe-

3yjTraTH Apyrax HcrorrHBaifca4 noKa3yjy na je 6p3HHa o6pa30BaHia HeaKTHBHor

781
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HHKJi-opTOCHJiHKaTa h Ha 900° He3HaTHa, na h BehH caap>Kaj S1O2 y Hocaqy He

y6p3aBa fleaKTHBauHjy KaTajni3aTopa.

C o63HpoiH Ha nocrojatte npoTHBpetmocrH noflaTana o ynmajy noje/nooix

KOMnoHeHaTa Hocaia Ha 6p3imy aeaKTHBauHje KaTajiH3aTopa, npefly3eTO je y

obom pajry npoyyaBaH>e yrHuaja xewHjcKHx h (pH3H»n<Hx cBojcraBa KaTajni3aTopa

Ha creneH Md)yflejcTBa aKTHBHe KOMnoHeHre ca KOMnoHeHTaiwa Hocaqa h Ha Tep-

MH»n<y craSHjiHocr nopo3He crpyKType KaTanH3aTopa.

EKCnEPHMEHTAJlHH REO

3a HcnHTHBaiba cy o,na6paHH KoiwepinijajiHH KaTajm3aTopH , injn cy hocsih ca^p>KaBajiii

paamiMHTe KOHueHTpaijHje OKcH^a cmrainijyMa h a.TVMHHHjyMa.

Y30PUH KaTajiH3aTopa cy KaJiarami flejCTBy TOiuioTe Ha 870° h 1100°,y aTMOcd>epH Ba3flyxa

tokom 8 caTH. IlpH TOMe 870° npeflcraBJba TeainepaTypy Ha Kojoj ce Bpnni pereHepaujfja Kaiajm-

3aTopa y npoiiecy caropeBaaeM naTajioweHHX yrjbeHHVHHx Hacnara, a 1100° je mskchmrjiho

fl03D0JbeHa paflHa TeiwnepaTypa npoueca.

y Heo6pa^emiM yaopuKMa KaiajmaaTopa oape^eH je caapwcaj oKcima &nyMHHnjyMa h

CHJiHUHjyjtia craHflapflHHM MeTOflaiwa KBaHruraTHBHe xe.vwjcKe aHajin3e.

y cbhm y3opuHMa ceJieKTHBHHM pacTBapaiteM y xJiopoBOflHiraHoj KucejiHHH KOHHeHTpa-

mije 535 mol/dm3, onpeljeH je caap>Kaj HHmia Kojn ce 3aap>Kao y aKTHBHoiw o6jiHKy y Bnny

CJ106oflH0r HHKJI-OKCHfla.

HeoSpa^eHHM h TepnuwKH o6pal)eHHAi y3opmma KaTajiH3aTopa OApetjeHH cy CTaimap^HRM

MeTOflaiwa peHAreHocTpyKTypHH caeraB5 n napaiuerpH nopo3He CTpyKType6.

PE3yjITATH H flHCKyCHJA

Caflp>naj OKCHUa ajiyMHHHjyMa h cmmHHjyMa y HOcanHMa HcnHTHBaimx

KaTanH3aTopa, Kao h h>hxob peHflreHocrpyKTypHH caeraB npHKa3aHH cy y Ta6jmuH I .

TABJIHUA I TABLE

CaApmaj AliOa h Si02 y HocaviMa HamTHBaHHX KBtuuuaTopa h h>hxob peHflrcHOCTpyKTypHH

caeraB

Contents of alumina and silica in the supports of the investigated catalysts and their X-ray com

position

OsBaxa KKxanHamopa AUOs SiOz PeHflreHocrpyKTypHH caeraB*

Designation of catalyst mas. % mas. % X-ray composition*

1 42 58 C, Q, M, S

2 55 45 M, S, C, Q

3 80 20 M, S,A

4 83 17 A, M, S

S 98 2 A, C

6 99 1 A

%

* A — a-anyMHjyM-TpHoKCHfl (a-alumina), C — KpncTo6anHT (cristobalite), M— Myjnrr (mulli-

te)3 Q — a-raapu (a-quartz), S — CHJmMaHHT (sillimanite)

JIflK KOMepuHjajiHH KaTanH3aTopH 5 h 6 caflpme Ma&e ofl 2 Mac. % Si02,

y ocrajiHM y3opuHAia yfleo Si02 je 3Harao BehH, a y3opaK 1 caflp>KH qan BehH

MaceHH yaeo Si02 Hero AI2O3.
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PaamraiT ojnroc AI2O3 h Si02 y HocauHMa, Kao h cneuHdpHWHH yaioBH

aHxoBe o6pa^e, 0flpa3HJin cy ce Tano pa ce paanHHHTe crpyicrypHe <pa3e o6pa3yjy

y pa3jnniHTOM ojnrocy y HOcaiHMa HcnHTHBaHHx KaTajrH3aTopa. Tano Hoca*i Ka-

xajiH3aTopa 1 caap>KH pejiaraBHO HajBHine cno6o^Hor Si02, KpHcrajiHcaHor y

oojancy KpHCToSajiHTa h a-KBapija, nopea Tora caflp>KH ajiyiwocmiHKaT KojH je

y o6.*iHKy MyjmTa h cmiHMaHHTa . Hocan KaTajiH3aTopa 2 caapjKH Maite crcoSoflHor

SiOz, a BHine Myjnrra h cHJiHMaHHTa. y y3opKy 3 nopea Myjurra h cunHMaHHTa,

jaBjta ce cjioCoaaH anyMHHHjyM-TpHOKCHfl KpHcrajmcaH y a-o6jnn<y. Caap>Kaj

CC-AI2O3 ce noBehaBa y y3opny 4, pok cy HocaqH y3opaKa 5 h 6 o6pa30BaHH Ha

6a3H TexHH^KH *mcTor a-Al203 . Pe3yjrraTH HcnHTHBaaa KomraHHe cjio6ojpior

Hiocn-oKCH^a y Heo6par)eHHM y3opuHMa KaTaran3aTopa, Kao h HHKJi-OKCHfla y

o6paf)eHHM y3opuHMa ko)'h mije crynHo y MeljyflejcTBO ca KOMnoHeHTajvia HOca*ia

y TOKy H>HxoBe TepMHwe o6paae, npHKa3aHH cy y Ta6jiHUH II.

TAEJIHUA II TABLE

Caflp>Kaj cno6oflHor NiO y HcnHTHBaHHM y3opimMa

Contents of free NiO in the investigated samples

Y3opaK CajrpHcaj cnoooflHor NiO, Mac. %

Sample Content of free NiO, mass %

6e3 o6pafle Ha 870° Ha 1100°

without treatment at 870° at 1100°

1 10,2 9,2 —

2 6,3 5,7

8,2

4,5

3 8,6 —

4 6,6 6,3

5,4

3,8

S 6A
—

6 9,9 8,4 —

y Heo6par)eHHM y3opHHMa KaTajm3aTopa ca^pjKaj HHKJi-OKCHfla Kpehe ce

op cca 6 flo 10 iwac. %. y TOKy o6paae y3opana y OKCHflauHOHoj aTMoedpepH Ha

870° je oko 5—15 Mac. % 03 nojia3He Kojnrame rancn-oKCHaa y KaT£um3aTopHMa

crynHJio y Mer)y;jejcTBO ca KOMnoHeHTaMa Hocawa. Ha TeMnepaTypn op, 1 100° y

OKCHflairHOHoj arMoc(|)epH caMO y KaTajiH3aTopHMa 2 h 4 HHje caB hhkji H3pearoBao

ca KOMnoHeHTaMa Hoca^a rpa^ehH Man>e aicraBHa jeaHH>eH>a, MerjyrHM h y thm

y3opuHMa ce caapncaj aKTHBHor raucna cBeo Ha Maite or 50% noMe-nre Kojunume.

Pe3yjrraTH pennreHocrpyKTypHe aHajni3e npHKa3anH cy y oSjrKKy jiHHHjcKHx

rrnjarpaMa Ha cjihhh 1. IIpH TOMe cy npm<a3aHH ynopeflHO penngreHorpaMH 3a

Heo6par)eHe h y3opKe o6par)eHe Ha 1100°.

Ha ocHOBy flHdppaKUHOHHx JiHHHja KapaKTepHcnraHHx 3a 0flper)eHe d-Bpep-

hocth, Kao H npoMeHe anxoBor HHTeH3HTeTa, Mo>Ke ce H3Becra 3aKjby«iaK pa je

Ha 1100° nop cbhx HcraiTHBaraix KaTaiiH3aTopa aKTHBHa KOMnoHeHxa, hhkji-okchjt,

crynHJia y Mer)yaejcTBO ca okch^om ajryMHHHjyMa H3 Hocaqa, npH qeMy je o6pa-

30Bana cirKHejma crpyicrypa motn-anyMMnaTa . HajMa&H HHTeH3HreT Kapaicre-

Phcthmhhx jmHHja 3a HHKJi-ajiyMHHaT 3ana>Ka ce Kop o6par)eHHx y3opaKa Kara-

jnoaTopa 2 h 4, urro je y carjiacHocra ca npHKa3aHHM pe3yjrraTHMa xeMHjcKor

HcnHTHBaH>a caapjKaja cjioooflHor NiO y y3opmu«a (Ta6jnma II).

Be3 o63Hpa Ha ca^p>Kaj OKCH^a CHJumHjyMa y HocaTOMa HcnHTHBaHHx

KaTajTH3aT0pa, hh Ha je^HOM peiweHorpaMy KaTajm3aTopa ooparjemrx Ha tcm-

■



784 JOBAHOBITH, BAJIHJTR H CTAHKOBHH

nepaiypaMa «o 1100° micy 3ana>KeHe jnraHje KapaKrepMcnraie 3a hhici-op>to—

ciuiHKaT Kojn 6h TpeCano ^a Kaci&He yKonmco 6h hhkji-okcha cryrmo y jnel>y-

flejcTBo ca oKCHflOM cHioapijyMa.'
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Cjihks 1 Figure

PeHflreHCKH nsjarpaMH BanRimaHRX KaianHaaropa 6p. 1 no 5.

a — HeoopaheHH, b — o6paf>eHH Ha 1100°. • — a-AlaOs , x —

MyjIHT, * CKJIHMaRRT, O KpHCTOfjajIHT, □ a-KBapU, N

NiO, O — NiAliO«

X-ray diffraction pattern of the investigated samples No. 1 to 5.
a — untreated, b — treated at 1100oC. • — 0E-AUO3 , x — mullite,

* — sillimanite, o — cristobalite, □ — cc-quartz, N — NiO,

O — NiAlsO*

HoiHTHBaiBe cnem«J)HMHe noBpmHHe Heo6par)eHHX y3opaKa KaTajiH3aTopa

cy noKa3ana fla cbh noceflyjy Mano pa3BMjene cneirj«})H»iHe noBpumHe ojj 2,5

«o 3,5 m2/g. Ilofl flejcrBOM noBHuieHe Tejvuiepaiype Ha 870° cneipidpiwHa no-

BpnrHHa hm ce CMa&yje 3a oko 10—15%, a Ha 1100° 3a oko 80%.
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PeayjiTOTH HcmrniBaaa yKyrrae 3anpe»iHHe nopa H ohxobc pacnoflene no

aeiupmuM upevuHKa nopa 3a Heo6par)eHe yaopice ■ ofipafrCHC na 870 ■ 1100°

cy Ha cjrann 2.

 

3 6.

on

PRECnIK PORA, nm —*

2 Figure

■ o6pa^eBH

nopa no h>hxobo)

yaopKe KaranHsaTopa 6p. 1 «o 6. a — Heo6paI>eHn, b •

ant 870% c — o6pa$emi m 1100°.

Pore size distribution in the investigated samples No. 1 to 6.

a — untreated, b — treated at 870°C, c — treated at 1100°C

KaTanraaTope CHHTcra30BaHe na 6aaa anyMOCHJiHKaTa (6p. 1, 2, 3 h 4)

umpoKe pacnoflejie aanpewne nopa npexa bcjihtohh h>hxobhx

y oojiacTH Manponopa, npn H&xy y3opnH 1, 2 h 3 noceflyjy 30—40%

3anpcMHHe nopa y oncery cynep waKponopa ca npeqHHKOM Bdnoi on IS 000 nm.

na 6asH a-AltOs, nao Hocaqa, KapociepamyKaTajiH3aTope oSpaa

ycKC pacnoflene aanpenBHe nopa y o&iacTH iwaKponopa, npn Tone caffpxee 85—100

3anpeMHHCKHx % nope ca bcjdimhhom npeqHHKa ofl 200 no 3000 nm. He3H3THe

npoMene y nopo3Hoj crpyKrypH icanjnearopa oopaljemoc Ha 870° Mory ce noBecm

y May ca Maraut npoiweHaMa Koje ce ojocrpasajy y anxoBoj CTpyicrypH npH thm

yoiOBHMa o6pafle KaTanH3aTopa. OBe npoMeHe nopo3He crpyKrype orae^ajy ce

y npoMeHH yKyime sanpeMHHe nopa 3a oko 10%, #ok je ran pacnoflejie nopa no

a>HXOBoj BejnraHHH ocrao hcth Kao koa Heo6par)eHnx KarararaaTopa.

r
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KOfl y3op£lKa KaTajm3aTopa ca ajiyMOCHJiHKaTHMM HOcaiHMa, npn o6paj&*.

Ha 1100° Hacrajy 3HaTHHje npoMeHe y nopo3Hoj CTpyrcrypH, npn TOMe cy HajBetie

npoMeHe Hacrane y y3opKy 1. CTadmnfflje nop03He crpyKType 3an£WceHe cy kojx

KaTajiH3aTopa KojH cagpjKH BehH yaeo a-A^Os y Hocaiy. Maaa craSmiHOCT

nopo3He crpyKType KaTaiomTopa uhjh HocaiH caap>Ke BehH yaeo ajryMocmiHKaTa,

MOHce ce o6jacHHTH crpyKTypHHM npoMeHaina Koje ce Mory otfBHjaTH y H>HMa Ha

noBHiiieHoj TeMnepaTypn, a orjie;jajy ce y peKpHCTajiH3anHjH OKCH^a CHjnnnijyMa

Kao h npejiacKy auraMainrra y MyjiHT h KpHcro6ajiHT.

Ha ocHOBy n3BegeHHx HCTpajKHBaaa Mowce ce H3BecrH 3aKJi>y«iaK:

— y OKCHAauMOHoj aTMoapepH Ha 870° aojia3H pp MetjyaejcTBa aKTHBHe kom-

noHeHTe, HHKJi-OKCHfla, ca KOMnoHeirraMa Hocaqa, 6e3 o63Hpa Ha xeMHjcKH

H cpaaHH cacraB npHMeaeHor Hoca^a kojh je o6pa30BaH Ha 6a3H OKCHfla ajry

MHHHjyMa h CHjnmHjyMa; , '

— y HcnHTHBaHoj teivinepaTypHO j ' dSjiacTH ca nopacroM TeMnepaType pacrre

6p3HHa Me^yAejcTBa HHKJi-OKCHfla ca KOMnoHeirraMa Hoca^ia;

— Be3 o63Hpa Ha oflHoc oKCHfla anyMHHHjyMa h auiHHHjyMa y Hoca*ry, orjHocHO

Ha cpa3HH cacraB ajiyMoouiHKaTHqr Hocaqa, y OKCHflarrHOHoj aTMoapepH Ha

HcnHTHBaHHM TeMnepaTypaMa pearoBao je MepjtHBO hhkji-okch^ caj«o ca

oKCHflOM ajryMHHHjyMa rpaflehH Marr>e aKTHBHH HHKJi-ajiyMHHaT. IIoiiito

HHje 3an£0KeH0 66pa30Ban>e HHKJi-oprocHJiHKaTa, MO»ce ce CMaTpara jia je

npH npHMeHH anyjwocHJiHKaTHor Hocaqa rJiaBBH y3poK rieaKTHBamHje Ka-

TajiH3aTopa y OKCHrxauHOHoj arMoccpepH Ha noBHuieHoj TCMnepaTypH o6pa-

30BaH>e HeaKTHBHor HHKJi-ajryMmraTa .

— Ilopo3Ha CTpyKrypa je TepAUWKH CTa6HJiHHja y KaTajnraaTopHMa, *rnjH Hoca*or.

caflpwe BehH yfleo OKCHAa ajryMHHHjyMa KojH je KpHcrajiHcao y cbom ckiShjihom.

o6jnn<y Kao 0C-AI2O8.

SUMMARY

INFLUENCE OF PHYSICAL AND CHEMICAL PROPERTIES OF NiO/AlaOs-SiO*

CATALYSTS ON THEIR THERMAL STABILITY IN OXIDIZING ATMOSPHERE

NADE2DA N. JOVANOVIC, GORDANA L. VALCIC and MIROSLAV V, STANKOVTC

Department of Catalysis, Institute of Chemistry, Technology and Metallurgy, Njegoieva 12,

YU-11000 Belgrade, Yugoslavia

Within the scope of a systematic study of the rate of deactivation of catalysts used in the

process of. production of protective atmospheres, the influence of the nature of the support on

both the degree of interaction of the active component with the support and on the thermal stability

of the porous structure of a NiO/AUOs—SiOa catalyst was examined. By X-ray and chemical

analyses it was established that nickel oxide, irrespective of the ratio of alumina and silica in the

support, reacts with alumina forming a less active nickel aluminate. A reaction product of NiO

with silica was not noticed. It was establised that catalysts with a higher content of alumina in the

support show a better thermal stability of the porous structure.

(Received 14 July 1983)
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МОДИФИКАЦЩА СТАНДАРДНЕ МЕТОДЕ ОДРЕЪИВАВЬА САДРЖА1А ОЛОВА

У БЕНЗИНИМА

милош б. ралсовиъ ■ МОМИР С. ЮВАНОВИЪ*

Полойршргдыи факулйаЯ, й.йр. 127, 11081 Београд и *Тюоюмшкы факулШНВ, й.йр. 494, 11001 Београд,

УничергиЯШй у Бсограду

СПришмао 10. |уна 1983)

Извод. Приказана )е )една примена више-

намеяске електроде за испитиван>е у реалним

системима (узорцима бензина) на бази гло-

бално верификоване методе за одре!)иван>е

садржа)а олова у бензинима.

*

За испитиван>е садржа;а олова у бензи

нима користи се АЗТМ Т) 3341—74 метода1,

ко)а )е прихваЬена и као метода по 1115-у .

Интенци)а рада била )'е испитиван>е

могуКности потенциометри)ског испитиван>а

садржа^а олова у бензинима употребом

ОРЕ 201.801 )он-селективне електроде, као

и примена методе директив потенциометров.

За поре^ен>е резултата, добщених употребом

)он-селективне електроде, коришЬена )е

комплексометри)ска титращца уз визуелно

одре1)ива1ье завршне тачке титраци)е, по-

моЬу индикатора метилтимол-плаво, ко)и

препоручу)е фирма Мегск2.

Модификована )од-монохлоридна метода

проверавана )е на узорцима бензина ко)и

су истовремено ишитивани и у Ваздухо-

пловнотехничком институту у Жаркову,

стандардном )од-монохлоридном методом.

Сви употребляли реагенси били су р.а.

стелена чистоЬе.

Као индикаторска електрода употреблена

;е вишенаменска )'он-селективна електрода

ОРЕ 201 .801 , активирана сензорским прахом

за олово (РЬЗ/А8»3) производила Катедра

за Аналитичку хеми)у ТМФ у Београду.

Као референтна електрода коришЬена )е

засиЬена каломелова електрода, производила

Искра, Кран», са двоструким соним мостом

(КЖ>в). рН-метар М22 Кайютекг, Ко-

пенхаген.

Посшуйак. Као и у АЗТМ методи, реагенс

)од(1)-хлорид3 употреблен )е за екстракцн)у

олова из бензина4 и доби)ени екстракт

упараван са конц. НЫОв, ради укладом

органских супстанци и прево^енл олова у

бели талог РЪ(Ж)з)2 . Добщени талог испи-

тиван )"е:

1. Комплексометри)ском титращцом

0,005 то1/ат3 раствором ЕБТА уз

индикатор метилтимол-плаво (рН ра

створа )е претходно подешено на 10);

2. Комплексометри)ско-потенциометри)С-

ком титраци)ом 0,05 то1/ат8 раство

ром ЕБТА уз )он-селективну електро-

ду и подешава&е рН раствора на 6

додатком пуфера НаСНаСОО-СНа-

СООН» (сл. 1).

1Ш

«2КЕ
4Е/4У

1тУЛпА

-5»

70

50 IV

I / 1

-60

30 //

-Я

,0

055

1 , ■ ■ , I I—I

02 03 О* <8 0.6 005 ток*!!3К* кт*)

Слнка 1 Рдаге

Потенциометры)ско д- узоркж бснзава

РоСепЦотетлс апа1уя1$ оГ 1 (иойпе ишрк
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MeTOAOM flHpeKTHe noTemnTOMeTpHje,

HaHomeibeM BpeflHOCTH noTeHinajajia hc-

no3Haxor pacxBopa Ha npeTxojmo koh-

crpyHcaHH KaJiHopairjioHH jnsjarpaM ca

cepnjoM on 10-1 flo iOr* mol/dm3

pacTBopa Pb(NOa)2 , npn ieMy je joHOta

jamma y cbhm pacTBopHMa nofleiuaBaHa

Ha 0,1 flOflaTKOM 10_1 mol/dm3 KNOs

(cji. 2).

Pe3yjrraTH cbhx

cy y Ta6jiHiiH I.

HcniiTHBaaa npm<a3aHH

TABJIHUA I TABLE

Pc3yjixaTH HcnmHBaiba 6eii3nna Mo,iH(bnKOBaHOM jofl-

-MOBOXJIOPHAHOM MeTOAOM

Results of the gasoline analysis by the modified iodine

monochloride method

HafieHO % Found

AnajlH3a Ojiobo y

Analysis

JXHpeKTHa riOTCHmiO- KoHnjieK-

nOTCHUHO- MeTPHJCKa COMCTPHj-

MeTpMja THTpauHja cKa Ttrrpa-

irnja ya hh-

Lead in

gasoline

Cg/dm")*

Direct po-

tentio-

Potentio-

metric ti

AHKaTop

Complex-

ometric

titration
with indi

cator

I 0,23 91,3±0,5 100,0±0,0 107,4±0,1
II 0,33 87,8±0,5 I06,0±0,l 108,2 + 0,4

III 0,43 76,8±0,8 100,0±0,0 10I,0±0,2

IV 0,54 107,4 ±0,5 103,7±0,1 104,8±0,1

V 0,64 96,8±0,4 106,2±0,1 109,4±0,2
VT 0,85 80,0±0,9 104,7±0,2 105,8±0,2

VII 0,95 87,4 ±1,6 97,9 ±0,4 102,1 ±0,1

mctohom ASTM D 3341—74.

of the ASTM D 3341—74 analysis

3aK/bynaK. IToTeHUHOMeTpHjcKa wrrpaiuija

oJiOBa, ei<CTpaxoBaHor H3 6eH3HHa, y3 rrpHAieHy

cneKipofle GPE 201.801, aKTHBHpaHe ceH-

3opcKHM npaxoM 3a ojiobo (PbS/AgsS) Moryfaa

je, naKo je KOHueHTpainija OJiOBa y obbkbhm

pacTBopn.ua n3Me!)y 10~8 h 10~* mol/dm8.

IIpeBoj Ha THTpauHOHoj KpHBoj join VBCK

je jacHO yavhm; yKoJiHKo ce pa^n ca 6eH3H-

mnta kojh Hiwajy BefaH cairpwaj onoBa, npeBoj

Ha KpHBoj je BeoMa H3pa>KCH. IIpeMa tomc,

OBanaB nocrynaK npeacTaBJBa ejieKTpoxeMHj—

CKy MOflH(pHKaimjy ASTM MeTOfle 3a oAper)n-

caflp>Kaja OJiOBa y

 

0 -|09CPbllll

Cjuma 2 Figure

KanH6paimoHH AHjarpaM 3a BHiuenaMeHCKy GPE

201.801 joH-cejieKTimHy ejieKTpoay aKTHBHpany
ceaaopcKHM npaxoM aa Pbs+ ioh, KOHCTpyHcaH

noMohy pacrBopa Pb(NO>*!>

Calibration graph of the multipurpose ion selective

electrode GPE 201.801 activated for Pb*+ ion»,

using Pb'NOt^ solutions.

SUMMARY

MODIFICATION OF THE STANDARD METHOD FOR DETERMINATION OF

LEAD IN GASOLINES 3

MILOS B. RAJKOVIC and MOMIR S. JOVANOVIC*

Faculty of Agriculture, University of Belgrade, P.O.Box 127, YU-1 1081 Belgrade — Zemun, and*Faculty of Technology

and Metallurgy, University of Belgrade, P.O.Box 494, YU-1 1001 Belgrade, Yugoslavia

A modification of titration part of the metry and potentiometric EDTA titrations

ASTM D 3351-84 procedure for the deter- us:nf a PbS/AgsS sensed ion-selective elect-

mination of lead content in gasolines is pro- rode. Results show acceptable deviations,

posed. Applied were both direct potentio- (Received 10 June 1983)
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ПРИКАЗ КН>ИГЕ

„АТОМСКА АПСОРПЦИОНА И ЕМИСИОНА СПЕКТРОМЕТРЩА"

Ред. Д. Пеппга, М. МаринковиЬ и Д. Сто^ановиН

Београд, Центар за перманентно образоваиье ИБК — Винча 1981. Стр. 77

Ова невелика и непретенциозна моногра-

фи)а )е намешена онима кощ у свом раду

користе ове технике спектрохемщске анали

зе. Писана концизно, ]'асно, и на високом

професионалном нивоу, она уводи читаоца

у теори)сже и експерименталне основе, да)е

врло прегледно детал>е о на)важни)им тех-

никама анализе као и низ конкретних слу-

ча^ева примене. Кратак преглед на^чешКе

коришнених термина у ово) области )е

вредан прилог стручно] терминологии, а

критички одабрана литература олакшава

читаоцу увид у домаЬе и стране публикащце

од непосредног интереса за свакодневни

рад.

Кн.ига садржи пет поглавл>а, врло склад

но одабраног обима. У првом поглавл>у

(Д. Пеший) дати су неопходни елементи

теори)е апсорпционе спектрометров. Основи

експерименталне технике су приказани у

другом поглавл>у (М. МаринковиЬ). Сис-

теми за добщаиье апсорпционих сло)ева

(распршивачи, пламеници, графитне пеки),

ко)има се сада у пракси посвеКу)е посебна

пажньа, обра1)ени су врло прегледно. Знатан

део текста )е посвеКен системима за добивагье

монохроматског зраченьа (оптички филтри,

монохроматори) и детекторима зраченьа. У

треНем поглавл>у су обра^ене аналитичке

технике (Ш. МесариН), где су дати корисни

детал>и у вези са припреман>ем узорка,

као и преглед принципа оптимизациие ко-

ришНеьа апаратура. У овом поглавл>у )е

(В. Бо)овик) сажето дат и врло користан

осврт на рутинске методе ко)е су за^едничке

за апсорпциону и емисиону атомску спектро-

метри)'у. Четврто поглавл>е (Д. Сто)ановиЬ)

;е посвеЬено статистичко) обради експери-

менталних података са лепо обращении

типским примерима. Шесто поглавл>е (Д.

Сто)ановиЬ и Н. ПавловиН) )е посвеЬено

примени атомске апсорпционе спектроме

тров у различитим областима. Типични

примери припреме узорака и поступака за

одре1)иван.е дати су за биолошке материале

(пиЬа, храна, бил>ни матери)'али), као и за

анализе у рутинско) медицинско) и ветери-

нарско) клиничко) пракси. Врло су преглед

но приказани и поступци за анализу земл>иш-

та и вода. Металургоца )е тако^е добила

знача) ан простор: као примери су продиску-

товане анализе алумини)ума и бакра и н>и-

хових легура, гвонфе и челик, анализе

легура цинка и анализе лакотопивих легура

тешких метала.

У новом издавьу, ко;е треба пожелети

за)едно са ефикасни)ом дистрибуци)ом (за

сада се ова корисна монографи)а може до-

бити )едино код издавача), читалац би

можда пожелео више информащца о ин-

струментаци)и ко)'а се последвьих година

врло много развила. Ова) недостатак ни у

ком случа^у не умаьу)е вредност моногра-

фи)е ко)ом нас колектив аутора на)ефикас-

ни)е уводи у )едну знача)ну облает спектро-

хемще. Нема никакве сумнье да ни )една

лаборатори)а у ко)0) се користи атомска

спектрометри^а не би смела да буде без

ове кн.иге.

И )ош нешто о колективу аутора: дао

)е )едан врло хомоген текст ко)и се чита

скоро као да га )е у )едном даху написао

)едан човек. А дошли су из разиих средина:

Институт за нуклеарне науке „Б. Кидрич"

у В1шчи (Д. ПепшК и М. МаринковиК),
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)език )е главно ору!>е за комуникацщу

ме!)у хемичарима: ефикасно саопштити ре-

зултате свога рада том братству расутом

широм света и бита у току са оним што ово

ради у дато) области, зяачи користити се

м. Палице у
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ко)и су му потребни за стручну
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подручна (фармащф, геологи)а, минерало-
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Богатство српског дезика чине и речи

ко)е су употребл>ава)у у хрватско) термино

логии и номенклатури. Лингвиста би можда
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обогаЬен са хрватскосрпским изразшиа ко^и

се да)у, и да )е реч о нечем веома корисном

а не само о покуннцу вредном поштовавъа.

 

Ово би могло да се каже и за сам речник:

добили смо драгоцену кьижицу без ко)е

ии )едан хемичар не би требало да буде.

И да пожелимо да ново издание има и сво)

други дао: енглеско-српскохрватски ]
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у Винчи), врстан педагог (ништа ман>е

времена на Природно-математичком факул-
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ник Хем. друштва Београд). Он )е пишуЬ-
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успешни)'ем комунициратьу наших

са колегама чщи матерки )език ни;е <

хрватски.

И. г.
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Preface

The Workshop on Electrochemistry of High Energy Density

Light Metals in Aqueous Solutions, and the 2nd International

Workshop on Reactive Metal-Air Batteries (Belgrade Meeting)

was organized by UNESCO within the activities of the Expert

Committee on Electrochemistry of the European and North Ame

rican Region in cooperation with the Institute of Electro

chemistry, ICTM Belgrade, and Yugoslav Committee for UNESCO.

The aim of the workshop was to gather eminent specialists

in the field of electrochemistry with the purpose to focus

attention on the processes occurring during the active diss

olution of high energy density light metals (e.g. Li, Mg, Al,

etc.)- in aqueous solutions. The aim was to try to discover

the reasons at the atomic scale level for the rather high irr

eversibilities of these processes and consequently ways and

means for better utilization of chemical energy stored in these

metals in practical applications in power sources (e.g. metal-

-air batteries, sacrificial anodes for corrosion protection,

protective coatings, ets.). The topics of primary interest dis

cussed were: mechanisms of anodic dissolution reaction, unsta

ble reaction intermediates (Al+, Mg+, etc.) role of anions (e.g.

Cl~, etc.), hydrogen evolution during anodic polarization (ne

gative difference effect) , effect of foreign elements in metal

and oxide phase, chemical dissolution of metals, methods of

studying etc.



In the Workshop on Reactive Metal-Air Batteries, the aim

was to convein to the participants the results of the research

and development efforts in the realization of workable models

of Al-air , Zn-air and Li-air batteries.

Taking into account the great interest shown by the pa

rticipants and the importance of the field discussed, the orga

nizers of the Workshop made an effort to collect the presented

paoers, and these Proceedinq are appearing as the result, with

the; financial aid of UNESCO-Paris and Yugoslav Commitee for UNESCC
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ELECTROCHEMISTRY OF ALUMINIUM IN AQUEOUS SOLUTIONS*

Dragutin M. DraSic" and Aleksandar R. Despld

Laboratory for Electrochemical Energy Conversion,

Institute of Electrochemistry ICTM and

Faculty of Technology and Metallurgy, University of Belgrade
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Introduction

When looking into the literature more thoroughly one

realizes that the electrochemical behaviour of aluminium

in aqueous solutions has not been studied systematically

and much less then for many other metals, although one can

find many experimental details scattered around. Put to

gether they might give important information on the complex

behaviour of Al. However, since most of these experiments «

were carried out under ill defined experimental conditions

it is- very difficult (and questionable) to use them quanti

tatively for proper electrochemical analysis, as we are used

to doing in electrochemical kinetics.

Most of our knowledge of the behaviour of Al comes from

studies related to the corrosion stability of Al as a constru

ction material and also the use of Al or its alloys with Zn

or Mg as a sacrificial anodic material for corrosion prote

ction, predominantly in sea water. Lately, the possibility of

* Baaed on an invited lecture presented at the Workshop on Electrochemistry of-

High Energy Density Light Metals in Aqueous Solutions, Sept. 1-3, 1982, Bel

grade, Yugoslavia



using Al as an anodic material in electrochemical power sources

has seriously been reconsidered.

In analysing the electrochemical properties of Al one

has to start with its thermodynamics. But, neither is its

thermodynamics simple, nor does the real electrochemistry of

Al follows its thermodynamics. There are several reasons for

that, the most important one being the large electronegativity

of Al compared to H20. Because of that an oxide layer on the

metal-solution interface is produced, accompanied with Hj

evolution. On the other hand, H_ evolution and the large

3+
hydration energy of the Al ion do not permit the cathodic

deposition of Al from aqueous solutions so that the cathodic

deposition process is lacking in the electrochemistry of Al

in aqueous solutions.

Thermodynamics of aluminium

From the Pourbaix potential-pH diagrams*" one can see

that the reversible potential of Al is very negative, the

standara /alue being » -1.66 V. With the increase of pH,

the reversible potential becomes more negative, reaching

-2.377 V at pH ■ 14, if one assumes that Al~0, is insoluble.

0 1 2 a 4 3 8 7 8 9 10 11 12 13 14 15 l« 

Fig. 1. Influence of pH on the solubility of A1,0, and its

hydrates, at 25°C.
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However, taking the amphoteric character of Al into account,

and at low aluminate ion concentrations (e.g. when Al is in

contact with pure hydroxide) , the reversible potential should

become even more negative, i.e. E ■ -2.483 V.

Presently, it is neutral or alkaline electrolytes that

2 3
can be used for Al-air electrochemical cells ' . In these

cases one should expect the theoretical cell voltage of 2.78 V,

or even 2.886 V if the alkaline electrolyte is not allowed

to accumulate ions (e.q. by constant renewing).

In literature one finds different figures for the re

versible Al electrode potential and Al-oxygen cell voltage.

This Is because aluminium oxide, the product of the electro

chemical reaction can exist in at least 5 more or less stable

forms, having somewhat different physico-chemical properties,

the most important one being the solubility. The diagram shown

in Fig. 1. illustrates the effects.

It represents the pH dependences of the solubilities of

5 different forms of AljOj. These differences in the properties

of AljO, cause the difference in the Pourbaix diagrams, as

shown for two examples in Fig. 2. Hence, in order to give a

8 )o a a »
 

10 H jj IB
 

Pig. 2. Theoretical conditions of corrosion, immunity and

passivation of aluminium, at 25°C.

(a) Passivation by a film of hydrargillite Al203«3H20

(b) Passivation by a film of B8hmite AljOj-HjO



proper thermodynamic analyisis one has to know exactly In

which form Al2°3 *s Present (which is rarely known) f or

to take into account at least 5 Pourbaix diagrams, i.e.

5 thermodynamics for Al in aqueous solution. The possibi

lity4 that Al can make hydrides and introduce additional

thermodynamics has been (perhaps unrightly) ignored in

this paper.

These differences in the properties of the oxides fo

rming a layer on Al are not only of academic interest. As

we shall see later, the electrochemical behaviour of Al in

real situatuons, especially in neutral electrolytes, is go

verned by the properties of these oxide films. Since their

structures and even the composition, can be complex, depe

nding on solution composition, temperature, ageing, etc.,

it is not surprising that the same sample of Al often pro

duces different and often irreproducible anodic behaviour.

The open circuit behaviour of aluminium

Inspection of Purbaix diagrams shows the corrosion in

stability of Al in aqueous solution for practically all pH

values. For the pH = 4-9 region if hydrargillite is the re

action product, or the pH ■ 4.5-6.5 region if bohmite is the

product, one can expect an increased corrosion stability,

compared to the corrosion at other pHs due to the passiva

tion of the surface by oxide film. The rate of corrosion, and

also the effectivness of passivation depends very much on pH,

temperature and solution composition. An example* of the co

rrosion rate dependence of Al on pH in Cl~ ions containing

solutions is given in Pig. 3. This is corrosion with H2 evoc

lution and it was measured at potentials taken spontaneously

after some time after the immersion of Al into the solution.
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0 3 6 9 12 pH 0 3 6 9 12 pH

(a) log V m • function of pH. 0) log V m ■ function of pH.
(V, corrofion rate in mg/dma h).

Fig. 3. Influence of pH on the corrosion rate of aluminium

This open circuit, or stationary, or corrosion potential de-

oends on pH, as depicted by the graph shown in Fig. 4. It

 

Fig. 4. Open circuit potential of aluminium as a function

of pH



 

Fig. 5. Rate of hydrogen evolution as a function of anodic

current density for aluminium and its alloys (the

negative difference effect)

it is dissolved electrochemically producing the external flow

of electrons while the quantity of Al equivalent to evolved

is lost by local corrosion. Hence, the anodic current effici

ency is always less than 1 and practically independent of cu

rrent density.

In alkaline solutions, however, H2 evolution follows the

normal Wagner-Traud behaviour (i.e. positive difference effect) ,

and the current efficiency, due to rather intensive open cir

cuit corrosion is much smaller than 1 at small current densiti

es, approaching unity at higher current densities.

The negative difference effect, and many other properties

are related to the existance of the oxide film.

There is ample literature on the properties, structure

and conditions for obtaining oxide films on Al , which can be

used for various purposes^", so, by anodization in citrate,

borate and similar electrolytes , one can obtain a compact

barrier-type oxide film, able to sustain several hundred volts

S 10



before its breakdown. They are suitable for use in electric

condensers and similar devices. On the other hand in sulphu

ric or oxalic acid one obtains thick porous films suitable

for colour inq and qood for corrosion protection. The thick

ness of these films can be several thousand monolayers of

oxide and are composed of two or more layers, the closest

one to the metal surface being usually of the barrier type.

The structures of these layers are schematically presented

by the well known Alcoa model with hexagonal pores or by

the more recent Murphy-Michelson model^ shown in Fig. 6.

'..;.:.V-:: ••••

■•• •

• ••• ••• • • •• .•
 

ALUMINUM— —

5*! +°-^-°-/^-j>-A,tS0?Mj«04

°\ ° Ht°\H/> f °r HS0^
i

.s I

1°

o»M +0—AI —O— AI — 6- Al-j- SO^ M* HSO,

a» so; n» mso;

/ \
o -

IN/ \/ ! I
I +0—Al-O—AI —O-A

/ \
Surface Layer of Film

with Proton Space Chang*
 

Shear
Plan*

Solution

_ ,.^Guoy Layer

ill1- Shear Plane

f I Stern Layer (Inner helmholti)
I I Compact Absorbed LayerI I Compact
I (qrahame)

Proton Space Charae In Film

Pig. 6. (a) Murphy-Michelson model of the porous alu

minium oxide layer

(b) Possible ionic arrangement at the aluminium oxide

film-electrolyte interface

Even though we are now not goinq to analyze the prope

rties of thick AI oxide films obtained by anodization, there
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should be stressed that open circuit potentials are very

much dependent on solution composition, the time ellapsed

after immersing Al into the solution, or interruption of

the polarizing current, Al composition, impurities in the

metal, etc. However, in all cases these potentials are

very far from the reversible potentials, in some cases

being more positive up to more than 1 V. In alkaline so

lutions these differences are smaller, but corrosion is

more severe.

The negative difference effect

When sneaking about the corrosion of Al one has to do-

int out that in the neutral pH rancte Al , toaether with some

other metals having an oxide film at the metal-solution in

terphase (e.g. Mg, stainless steel, etc.), behaves anomalo

usly when polarized anodically. Namely, like in most corrodina

electrochemical svstems, followina the Waaner-Traud inter-

nretation of the mixed, or corrosion notential, one would

exnect the decrease of the rate of the H. evolution reacti

on^. Since the expected behaviour would mean a positive diff

erence between the onen circuit H2 evolution rate, or Ecorr,

and the one during anodic polarization, this experimentally

D

easily observed effect is known in Russian literature as the

oositive difference effect, and represents the normal Wagner-

Traud behaviour. On the contrary, in the case of Al, and some

other metals, this difference is negative, i.e., the laraer

the anodic polarization, the larger is the H- -evolution rate.

q
This is illustrated bv the graph shown in Fig. 5.

A rather interesting experimental fact is that in most

cases there is a linear relationship between the evolution

rate, i.e. the negative difference effect and the anodic cu

rrent density. A nood explanation of the anodic dissolution

mechanism should include explanation of this phenomenon. Need

less to say, the existence c-f the negative difference effect

means that during the anodic dissolution of Al only a part of
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is an Important phenomenon related to the protective prope

rties of oxide films, which should be mentioned .Namely , in

the presence of CI and some other ions the protective pass-

ivatina properties are disturbed at a certain electrode po

tential bv local anodic attack with the formation of pits1.

Therefore, this characteristic ootential when the anodic

current starts enlarging is of importance for avoiding the

pittinex corrosion of Al and is often referrec to as the nitting

potential. An illustration of thatl2 is given in Fit?. 7. It

shows the effect of different ions on the value of the pitting

potential .

a" Br* j"oq;cio; scn- no;
 

E/Vvt. sec

Fin. 7. Potentiodynamic curves for aluminium (TR drop not

corrected) in different electrolytes

However, the concent of the pitting Dotential is some

what obscure since it is not only the tyne but also the con

centration! of ions which is of importance . Tn some cases,

denending on the Al alloy composition, the increase of the

anodic current is followed by fairly uniform dissolution,

l.e*. without pits. For practical use in corrosion rcrotectien

technology this perhaps might be sufficient.

S 13



Transient behaviour

It can be illustrated by a set of cyclic voltammograms

obtained on pure Al in 2M NaCl solution as depicted by Fig.

 

"-E/VrtSCE

Fig. 8. Cyclic voltammograms for aluminium in 2M NaCl

solutions for different cathodic limits.

The difference between the voltammograms shown is only in the

value of the cathodic limit of the voltammograms, the highest

polarization curve represehtating the single sweep, starting

after holding the electrode at the most positive potential

value for 15 minutes.

A characteristic feature of this diagram is that it shows

passivating effects if the electrode is allowed to go negative ,

and an activating effect if the electrode is kept for some time

at positive potentials.
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The similar, rather unusual behaviour shows the potential

response to galvanostatic pulses as can be seen from the osci-

loscopic recordings^-3 shown in Fig. 9. One can distinguish and

 

Fig. 9. Galvanostatic transients for non-activated Al-Ga(0.2%)

alloy (a) several successive pulses; (b) the first puis;

(c) the fourth puis

record the potential of the peak or of the quasi steady state.

Also, since the surface seem to be dependent on the actual ele

ctrode potential (or anodic current density applied) it is of

interest also to record galvanostatic transients of the pulses

superimposed on the constant anodic current. Then, the potential

recorded should correspond to the same state of the surface. Na

mely, if we assume that the potential changes observed are due

to the changes of the properties or the oxide film, then the

Initial overshooting means a larger passivating (or inhibiting)

effect of the oxide formed at the open circuit or at the same

current densitites. At larger current densities the passivating

properties of the oxide seem to vanish, which might be the main

reason for the succesfull "activation" process at high current

density. It has also been shown}4 that the pulsating regime of



the anodic dissolution process is benefitial in decreasing the

anodic polarization.

In a rather comprehensive study of the anodic behaviour of

Al in a buffered acetate solution of pH = 5.25 Valand15 realized

the problem of the existence of different oxide films at diff

erent potentials interfering with the measured polarizations anc3

deviced a particular technique for determining the reaction ra

tes of both the anodic and cathodic reaction by keeping potenti—

ostatically the electrode at a certain prechosen stabilizing po

tential, for 24 hours so that a defined oxide layer corresponding

to that potential could be formed. Then, he assumed that, by app

lying potentiostatic anodic and cathodic pulses to all electrodes

the polarizations recorded, corresponded to the electrode covered

with the oxide having properties which depended on the value sta

bilizing potential, i.e. the defined thickness. By such a tech

nique he obtained Tafel line plots shown in Fig. 10, which were

different for different stabilizing potentials.

-ojH

(in act) |

 

i i

T

Fig. 10. Anodic Tafel curves for electrodes stabilized at diff

erent potentials (indicated by numbers in the figure)

As can be seen, the more negative was the stabilization

potential, the larger was the rate of the anodic reaction.

Valand assumed that this was due to the thinning of the oxide
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filra when the potential was more negative. Thermodynamically ,

>ne should expect the oxide to vanish at potentials more ne-

ratlve than -2.05 V (SCE) . Taking the intersection points of

±e Tafel lines with the stabilization potentials as the mea-

nire of the anodic rate at different potentials Valand obta-

.ned the diagram shown in Fig. 11.

 

Pig. 11. The stationary potential-current density curves for

99.999% Al at pH = 5.25

It comes from that analysis that the slowest anodic rea

ction was in the range of -1.3 V, i.e. hindrance of the anodic

reaction was the largest by oxides formed at these potentials.

This is in accord with our f indings^that allowing the electrode

to come spontaneously or ootentiostatically to this potential

range led always to partial electrode passivation.

The changes that occur- during the transients can also be

illustrated by potentiodynamic curves for Al shown in Fig. 12

obtained by Rozenfeld et al.'-^ showing the very large depende

nce of the shape of the active parts of the curves on the sweep

rate and concentration of Cl~ ions.

From all that one can draw a general conclusion that in the

range of potentials in which Al dissolves anodically, and also

when polarized cathodically with H_ evolution, that the Al sur-
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Fig. 12. Dependence of the rate of anodic dissolution of aluminium

on the sweep rate

face seems to be covered all the time with an oxide layer, the

properties of this layer being dependent on many factors.

Steady state polarizations

The results of transient measurements indicate that the

ootential of an Al electrode depends very much on time and the

nrevious history of the electrode. Nevertheless, the stationary

polarization curves can be determined. After careful correction

for the ohmic drop almost horizontal, i.e. potential independent,

polarization curves were obtained as shown in Fig. 13. In some

cases *7 even a negative anodic slope was observed such as that

shown in Fig. 14. The appearance of the unexpected and unusual

negative anodic slope for the largest anodic polarizations,

meaning formally the negative overall reaction resistance, can
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Piq. 13. Potential-anodic current density curves for diff

erent aluminium alloys in 2M NaCl (corrected for

IR- drop)

 

Fig. 14. Anodic polarization curves for Al in 2M NaCl mea

sured (dashed line) and corrected (full line) for

IR drop



also be seen on the diagram of steady state polarizations co-

18
nstructed by Cowan and Harrison from their impedance measu

rements. "*

The characteristic of the anodic polarization curve is an

unstable, steep part at current densities lower than ca 1 mA cm

where the nassivatinq oxide probably forms spontaneously, and

the ranqe of higher current densities, usually shown in qraphs

havina more or less stable and flat characteristics.

19
Similar results were obtained by Vielstich and his qroup

as shown in Fin. 15.

 

Currant danalty (aA/ea I

Fig. 15. Current density-potential olot for different Al-anodes

in 3M NH4C1 + 10% citric acid, 20°C

In alkaline solutions the situation is similar except that

the corrosion rates are much hiaher, the potentials are more

negative and there is no neqative difference effect, as in neu

tral solutions.

An overview of the behaviour of Al in alkalies can be ob-

20
tained from the results of Koshel et al. presented in Fig. 16.

Similar results were obtained by others, e.g. in the Lawrence

21 22 23
Livermore Labs , Hoepecke , and other laboratories
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Tiq. 16. Dependence of the anodic dissolution rate, i^, rate

of corrosion, i^, and dissolution efficiency, ot , on

potential in 2M KOH for different temperatures: 1-5

is for 25,35,45,55 and 70°C respectively

Influence of additives

T'Then looking for the effects of additives on the Al-ele-

ctrolyte system one can make a distinction between adding into

the metal phase, i.e. alloying or having impurities in Al, and

having additives in the electrolyte, even though, as shov/n later,

in some cases there is not much difference.

In our laboratory there has been a lot of research effort

put into studying the effects of alloying Al with small amou

nts of Ga and In.9'24'2-" Typical examples of the effects that

the presence of these elements can produce, are shown in Figs.l7&18.
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OJ i » »5 Log *mA*m)

Fig. 17. Potential-current density diagram for pure Al and

alloys with Ga, In and Tl

„ is

 

Fig. 18. Negative difference effect for Al-alloys
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The main beneficial effects are the shift of the ele

ctrode potential, both at open circuit and under polariza

tion, closer to the reversible potential for up to 500 mV

and decrease of the negative difference effect. Unfortuna

tely, the open circuit corrosion rate is somewhat increased,

_o
for larger (5a content even up to several tens of mA cm

These results were the impetus for further more elabo

rate research in trying to make use of Al as an electroche-

fiically active anode material.

The presence of Ga seems to be beneficial for Al in al

kaline electrolytes as well. This can be seen from the po-

larization curves reported by Morris for the Reynolds Rx 808

alloy containing 0.13% Ga and presented schematically in Fig. 19.

 

-V VERSUS tVHgO

Fig. 19. Polarization curves for aluminium (Kaiser 1199) and

Al-Ga alloy (Reynolds Rx808) in alkaline electrolyte

at 35°C

Both, the ODen circuit potential and polarization curve are

shifted into the neoative direction, compared to that for pure

Al. However, the open circuit corrosion rate was increased

—? i
from ca. 80 mA cm ' to 500 mA cm"*. The increase of temperature
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decreases the polarization so that at 60°C at 800 mA cm-2

the electrode potential is ca. -1.5 V (vs. Hg/HqO) .

However, it is not the very presence of the alloying

component that is important, but rather the thermal and

other treatments of the alloy. Since the solubilities of

many elements In Al are rather low, with a tendency to bu

ild intermetalllc compounds , which might accumulate as the

separate Dhases (e.g. at grain boundaries) , the necessity

to properly control the alloy preparation is obvious. In

our experience this is one of the most important reasons

for the ^reproducibilities often observed.

The presence of the components, e.g. Sn, Fe, according

to Valand^5 do. not seem to affect the anodic but affect

the H? evolution reaction, as shown in Fig. 20a and 20b.

 

Fig. 20. The stationary potential - cathodic current density

curves for pure and alloyed Al in pH = 5.25> (a) all

oyed with Sn} (b) alloyed with Fe

As can be seen the presence of Sn inhibits evolution,

while that of Fe enhances' the H2 evolution reaction.

However, according to our experience, the presence of

impurities in technical grade Al has a negative effect on
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open circuit potential anodic polarization , and corrosion in

2* NaCl.

In an attempt to find out which component in Al is the

2 + 2+ 2+
rost determental , the Fe , Zn and Cu ions were added

in'ro the solution. As seen in Fig. 21. the presence of copner

is very dangerous.

 

Pig. 21. Anodic nolarlzation curves in 2M NaCl solutions

(not corrected for TR drop). A.- Al (pure) -0.2 Ca-

-0.1 Cu; B.- Al(nure)-0.2 Ca - 0.005 Cu; C- Al(pure)

-0.2 f!a - 0.005 re; D.- Al (pure) - 0.2 Ca - 0.1 Fej

E.- Al(nure) - 0.2 Ca (guenched *rom 5fiO°C); r.- Al

(nure) - 0.2 Ca (fast cooled on metal plate); C-.- Al

(techn.) - 0.2 r,a; n.- Al(t) - 0.2 r.a - 0.01 Zn; r>.-

Al(t) - 0.2 Ca - 0.03 Zn; P.- Al (t) - 0.2 r.a - 0.05 Zn

2 6
Similarly, "orris renorts an incrense of the anodic po

larization when impurities were introduced into the alkaline

electrolvte hy dissolving into it a certain amount of less pure Al.

On the other hand, the presence of other ions in the solu

tion might have a beneficial effect as well. We have found for

neutral, and Eonnstedt^ for alkaline solutions that the add

ition of Ca^+ ions to the electrolyte has a similar effect as
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alloyinq M with it.

Similarly, the presence of stannate ions in solution has

an inhibitorv effect on corrosion, while the accumulation of

aluninate ions as the reaction product somewhat increases po

larization and ^akes passivation easier *\

Twpedar.ce mcasurpnents

Tn order to pind out whether the impedance method can

provide sone data on the electrode capacities and hopefully

obtain sone insiqht into the properties of the probably al

ways present oxide layers, the impedances of anodicallv po

larized Al electrodes were measured. The measurements were

carried out vith an extra nure Al electrode in NaCl solutions

28
of different concentrations and also in alkaline electro

lytes used for obtaining polarization curves shown in !"iq. 22.

 

Tiq. ?2. Steady state anodic polarization curves for Al in

chloride solutions of different pH
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Typical complex plane diagrams for the Al electrode in 1M NaCl

for several constant anodic current densitites are shown in Fia. 23.

 

Fiq. 23. Complex olane diagrams for Al electrode for different

steady state anodic current densities

From the diagram which exhibits an extraordinary reqular semi

circular shape, the Faradaic resistivities, 6, and double layer

canacitances , CDL, can be elucidated. Only on the diagrams for

the smallest concentration a second snail and less reqular semi

circle appeared. The e and CDL values calculated from these di

agrams are shown in Flos. 24 and 25. as a function of the current

_2
densities for different concentrations of NaCl (10 -2 Jl) . As

seen, there is a hyperbolic relationship between 9 and i. On the

other hand double layer capacitances are practically independent

2
of the current density, beina about 40 uF/cm , except for the

2
lowest concentration when it drops down to about 15 |iF/cm . It

is of interest to note that these values are related to the

state of the electrode surfaces corresponding to the "horizontal"

darts of the polarization curves in neutral solutions. In more

alkaline solutions, when there is a marked difference in the be

haviour of the polarization curve between the lower and higher

current density regions, as shown in Fig. 22., the C T values
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Fiq. 24. Dependence of the Faradaic resistance, O, of M

electrode on the anodic current density

• }M NoCI

O IM NoCI

A OSHNaCl

■ OlMNoCI

cm1

Fig. 25. Electrode caoacitances of Al electrodes for different

anodic current densities and NaCl concentrations

S 28



are much smaller at the descendinq parts of the curves, as

indicated by the corresponding numbers on the same graph.

Lower values indicate the existence of a thicker oxide

layer at iower current densities.

As said, the dependence of the Faradaic resistance, 6,

on the current density is hyperbolic. This is possible only

if the polarization is independent of the current density.

E-E(o) = const = ^- xi = 6xi

where { is the thickness of the oxide laver and It its condu

ctivity. This relation mloht be valid if the anodic reaction

rate is controlled by the ionic transport throuqh the oxide

layer. On the other hand, if the reaction Is charcre transfer

controlled, a relation of the type

i = k exp I * T (E-E )[

° I RT °J

should be satisfied. But it does not produce the hyperbolic

relation of © vs i. Similarly, Mott-Schottky field dependent

ionic transport throuqh very thin layers should satisfy a

relation of the type

However, it also produces a loqarithnic relation between the;

polarization and current density as in the case of the charqe

transfer relation qiven above, i.e. it is not hyperbolic. On

the other hand there is a difficulty in correlatinn the current

2
independent CDL values of about 40 uF/cm with the properties

of the oxide film, especially if one has to assume that either

3t and f are constant, or that the X /6 ratio is constant.
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The anion adsorption model o* the activation

of the anodic reaction

The activating of feet of anions shown In Fin. 6. other

wise known to be specifically adsorbed on metal surfaces,

obviously can be related to their absorptive properties. There

are many suggestions that these anions attac the oxide layer,

and by dissolving them at some particular spots leads to pitting,

i.e. non-unl'orm dissolution. However, the adsorption o^ anions

can produce the redistribution o' charges in the double layer

which right be detrimental for the overall process. Indeed,

such a possibility is a real one and a model of the possible

e'^ects of anion adsorption is given'1' in Fiqs. 2P-28.

 

(a) (b)

Fig. 26. Chanqe of the electric rield siqn efect of the

adsorption of chloride ions in the anodic diss

olution op aluminiui", a model. Potential distri

bution throuoh the interphase when oxide layer

forming electrolytes are used (a) at open circuit

potential; (b) durincj anodic polarization
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Fig. 26a represents Inner potential (^f ) distribution

through the interphase in • the usually used electrolytes for

the anodization of aluminium. As seen (Fig. 26b) only when

the notential becomes very positive does the ionic transport

through the oxide layer become *ield assisted and the oxide

film can orow. Otherwise, at onen circuit (Fig. 26a) , the

field opposes ionic transport and the dissolution rate, i.e.

corrosion, is small.

Tn the presence of Cl~ ions the adsorbed (or perhaps

absorbed) ions, as shown in Tig. 27. can change the whole

potential distribution picture and by changing the direction

of the electric field through the oxide layer increase the

dissolution rate by field assisted transnort both at the open

circuit notential (Fig. 27a) and even more when anodically

r>olarized (Fig. 27b) .

 

(a) (b)

Fig. 27. The sane as?ig.26but in chloride ion containing

solutions. Adsorbed (or absorbed) ncnative ions

chanqe the 'ield sian inside the surface layer



The rather unusual hyperbolic dependence of B on 1 (I.e.

Independence of the anodic dissolution rate on polarization)

or even the negative annarent reaction resistance can also be

visualized qualitatively by the same model, as shown in Pia. 28.

 

Fig. 28. At hinh anodic current densities the structure of

the surface layer can differ considerably from the

equilibrated layer structure leading to the incre

ased conductivity (a) or decrease of layer thick

ness (b) or combination of both

Namely, with the Increase of the anodic current density, the

ionic flux through the layer increases. This might lead to:

(a) an increase of the Ionic conductivity, 7t , due to the in

crease of lattice irregularities, and (b) an increase of the

rate of oxide dissolution at the oxide-solution interface for

the same reasons, which should result in a decrease or the

stationarv state oxide thickness, S" . Hence, the model can ex

plain, at least nualitatively, the observed behaviour.

An additional feature o* this model is that one can assame

that it is the Al+ ions which miarate throuqh the layer. Then,
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their reaction with HjO and Hj formation is the logical ex-

olanation of the neqative difference effect and its remarkable

linearity with the overall anodic current density. However, a

-ore elaborate cruantitative treatment of this model is necess

ary, and will be attempted in the near future. It is needless

to say that the same model can be applied to the well known

activation of passive iron by halide ions.
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Conference Paper

HYDROGEN EVOLUTION DURING OPEN-CIRCUIT CORROSION AND ANODIC

POLARIZATION OF Al, Mg AND L1*

F. Barz and W. Vielstich

Institute of Physical Chemistry, University of Bonn, FRG

Light metal electrodes are attractive for the devellopment

of reactive metal/air batteries despite of open-circuit cor

rosion and parasitic hydrogen evolution during anodic polari

zation. The reasons are the rather negative o.-c. potential

promissing a high cell voltage and the high energy density

expected from the low specific weight.

I. CORROSIVE AND PARASITIC HYDROGEN EVOLUTION AT ALUMINUM

Due to its unnoble character aluminum corrodes in aqueous so

lutions, under hydrogen evolution. The o.-c. corrosion de

pends on the pH and may be written in the simplified form:

acid: Al + 3 H+ —► Al3+ + 3/2 H^f

neutral: Al + 3 H20 ► A1(0H)3 + 3/2_»2\

alkaline: Al + 3 H20 + OH" • A1(0H)^ + 3/2 H,|

These equations imply already different corrosion rates due

to the fact, that in alkaline and acid electrolyte the reac

tion products are soluble, whereas in neutral electrolyte the

insoluble A1(OH)- will prevent further corrosion.

* Based on an invited lecture presented at the Workshop on Electrochemistry of

High Energy Density Light Metals in Aqueous Solutions, Sept. 1-3, 1982, Bel

grade, Yugoslavia
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Иа1 га1е о? соггоз10п 1пап 1пе соггезропсН пд 1 N зо1иЫопз.

- Тпе т п 1 * т а 1 га1е о? соггозтоп тз Ндпег тп сИзИПес! иа*ег

I п а п тп I п е 1 N Н а 1 п с) е ог з и К а 4 е з о 1 и * 1 о п з .

- Тпе га1е соггозтоп йесгеазез кНп *1те 1п а 1 1 1пе сазез,

ехсер* ^ог 1пе 1 N КС1 зо1иИоп, мпеге 1пе га1е гипз 1пгоидп

а ппгптит а*Чег тоге ^пап опе поиг.
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- 1п сотрагтзоп 1о ^Ье сЫоНа'е апс! зиНа^е зо1и110П5, 1Ие

Ьгоппа'е апс) тосНйе зсЛиП'опз еИесХ. Мдпег га*ез соггоз10п,

ехсер! ^ог 1;пе 1 N зоТиНопз.

КесепИу ВадзЬам е1 а1 . /10/ герогЧеа' оп 1Ие апосНс сН$5о1и-

Поп о*" зеуега! тадпе51ит а11оуз 1п 3* N а С 1 $о1и11оп. ТНеу

рег^огшес) а зег1ез ехрег шеп! 5 , изтпд го^аИпд с1тзс е1ес-

1гос)е5 тас!е Х.Ье тадпезтит а11оуз: А7.61 (6.5% А1, IX 7.п,

0.2* Мп), ММ50 (1.5* Мп ) , АТ61 (б* А1, 1* 5п), АР65 (6.3* А1,

4.8* РЬ, 1* 2п, 0.2* Мп), МТА75 (5.1* А1, 7.1* Т1) апс! А5 (5*

А1 ) . БЪагЧтпд 1Ие ехрегттепЪз кИН ап е1ес!гос1е ро^епНа! о?

-2000 тУ уз. Ад /Ад С 1 , ЬЬеу Гоипд :

- Тпе тпсгеазе апосНс сиггеп1 ссл'пстдез и»НИ 1Ие опзе*

рНИпд апс1 тпсгеазео1 га1е о? НуаУодеп еуо1и(1оп.

- ТИе огйег о*7 1Ье рНИпд роЬеп1та1з 4Не аПоуз изео1 15

сНТ^егеп»: ?ог 1пе сазез о? ро1еп11'о5*а11с ог д а 1 уапоз*а1:1с

соп4го1 .

- Тпе Ьгеакйоип сГ 1Не раззтуаЫоп 1ауег Ьу 1ом сиггепЪ с)еп-

зШез (ипйег да 1 уапоз1а! т с сопйШопз) 15 аз50С1а1ес) кНп ап

ехсе551уе рсЛамгаНоп о*' риге тадпез1ит, 1п сотраНзоп 1о

1Не аПоуз.

- Тпе огдег 1;пе сигуез, гергезеп11пд ^Ье сиггеп^/Ите

гезропзе о<" 1пе аПоуз 1о а ро1епИа1 5*ер Оот -2000 тУ 1о

-1400 т\/ уз. Ад /Ад С 1 , спапдез йгазНсаПу с!иг1пд ^ Ье Нгз* 30

зесопйз .

П д . 5 5ПОИ5 ЪЬе Иуйгодеп еуо1иИоп га1ез 'Ггот 1Ие аЬоуе

Из^ес! аПоуз 1П 3* Мас1 а! 22°С аз а ГипсИоп о? сиггепк

с1епзНу. ТЬе 1оие5Ъ га1е - апс! Ьепсе 1Не ЫдИез* сиггеп* еГ-

Пспепсу - ма5 оЬ4а1'пес1 «НН 1Ье тадпез1ит а11оу А7.61 (6.5*

А1 , 1* 2п, 0.2* Мп) .

1п соп{:га51 1о а1ипппит, тадпе51ит 5Ном5 ап 1'псгеаз1пд га<;е

о? Иуйгодеп еуо1и11оп мНН 1псгеаз1пд апосИс ро 1 аг 1 га1 1оп .

ТЫз зо саПеа1 "педаНуе а1 1 ^егепсе е^ес!" 15 ме11 кпомп,

И5 1п1егрге1;а1; 1оп 15 51111 1п с1 1 5си 55 1'оп . $еуега1 тос)е15

Иауе Ьееп 5идде51ес1, 5, и с М а5 ЪНе ^огтаНоп о<" топоуаТеп! тад-

пе51ит (Ре11у е* а1., 1959), 1Ие Ьгеакс1омп о*" 4Ме ра551уа-
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Поп Н1т ( К т пд , 1963), 1Ие ^огтаНоп о? Ьудп'йез (РеггаиН,

1970 ) апд а р1Шпд тос!е 1 , 1пс1исМпд ХЬе 1*огта1:1оп о? ап 1"п-

{егтесМаЪе Мд(0Н)+-арио сотр1ех (Нтезепег е* а1., 1975).

Пд. 6 зЬоиз 1Ье тадпез1ит эпоСе е1*Нс1епсу 1п а"ерепс1епсе о!

а11оу1пд ипЧЬ а1игтмпит апс) гтпк, дтуеп Ьу КоЫпзоп /11/ 1*ог а

Мадпез 1" ит-1.ес1 асНё 1уре се 1 1 , сНзсЬагдес! оп а 4 ОЬт депега1-

ригрозе 1п1епгиЧ1еп1 1ез1. ТЬе ЫдЬез*. е^Н степсу *аз оЬ^атпес)

мНЬ ап аПоу соп1а1т"пд 3% А1 апс) 0.5-1 X 2п.

ТЬе ЬеЬаутог о? 1Ье шадпезтит е1ес1гос)е 1п а Т к а 1 1 пе зоЧиНоп

Ьаз Ьееп з^исНес) Ьу Ре12 е* а1 . /12/. 1п огдег 1о орега1е 1Ье

апос)е (мЫсЬ тз изиа11у соуегес) мтЧЬ ап ох1с1е 1ауег 1п а 1 к а -

Нпе тесНа), 1Ьеу изес! регсЫога*е аз асНуаНпд а<1<1 1 ^ 1 уе .

01зас)уап1адеои51у 1 К т $ асПуат^оп епЬапсез 1пе рагазШс еуо-

1иПоп пуйгодеп, 1п рппстр1е.

III. СОРКОЗПЕ АМ РАКА51Т1С НУйРОбЕМ ЕУОНЯЮШ АТ ИТН11Ж

N01 глапу 1" пуезН да* 1 опз с1е а 1 1 пд мНп *Ье зуз^ет М/Н^О Ьауе

Ьееп риЫтзЬес) зо ^аг. ТЬе тоз! 1'п1епз1уе з^исНез Ьауе Ьееп

героПес) Ьу Ш1аиег апс! Тзат /13-16/. ТЬеу меге 1Ье Нгз1 иЬо

сопз1гис1ес) а роЪеп* 1 а 1 /рН еяи111Ьг1иш сНадгат от* *Не зуз^ет

И/Н2О Ьазес! ироп ауаНаЫе 1Ьегтос1упаттс апй зо1иЫ11(у с)а1а.

ТЬе тоз* т'трогЧэп!: ^еа^иге гезрес! 1о ап арр1 тсаНоп аз

ог тп а ЬатЧегу т'з 1Ье т^аст;, 1Ьа1 И раззтуат^ез аЬоуе аЬои*

рН= 15.5, Ьу ^огттпд а рго1ес1туе Тауег ИОН ог а ттх*иге

Ь т ^ 0 апс! ИОН; 1Ыз сап Ье асЫеуео" ехрег т'теп^а 1 1 у Ьу апо-

сИс ро 1 аг 1 гаХ. т оп . е. д..

Нд_. 7 зЬомз 1Ье о. -с. соггозтоп га1е теазигес) аз а т^ипстпоп

1етрега1иге ир 1о 60°С, Ьу ИИаиег апс) Тзат /14/. ТЬе

гат;е иаз оЫатпес! мтЧЬ а Ьуйгодеп даз теазиг1"пд $уз1ет, сИ-

гесПу аз а геа1-11те соггозтоп га1е, апо" ехргеззес) Т"п 4егтз

-2 3
о? сиггепт; с1еп$т1у (10 кАт 15 едитуа1еп! 1о аЬои* 0.1 ст

р
Н^/ст -з). ОиНпд 1Ье Ите о^ ргерагтпд 1Ье теазигетеп^з а!

е1еуа^ес1 1етрег а1игез , 1Ье И затр1е таз рго*ес1ес! Ьу а раз-

51уаИоп 1ауег оЫаппес! Ьу апосИс ро 1 аг 1 гаХ. топ , 1'п огс!ег 1о

ауо1с1 'ЧЬегта1 гипакау". Меуегт:Ье1ез5 14 маз с111*1*1си11 1о

татп^атп 1'зо1;Ьегта1 сопсШтопз т^ог тоге 1Ьап аЬои1 Ьа^ а

гт'пи1е а! 1етрега1:иге5 аЬоуе аЬои!; 45°С.
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Тгапз<"огпппд *пе гезиНз Р 1 д . 7 'п ап Аггпегииз р1о1 дауе

ап аррагеп!: асИчаНоп епегду ^ог 1:пе М соггозтоп о** ^аС1я

15.5 кса1/то1.

Р т д . 8 зпонз 1пе соггоз'оп га1е о? И аз а ^ипсЪ'оп *пе

то1аг ИОН сопсепЪгаЪтоп а! 25°С, ехрег 'теШа" 1у а'е^егт'пеа'

Ьу ИНаиег ала1 Тза' /14/. Тпе гезиНз зиддез* а Нпеаг ге1а-

ПопзН'р ^ог 1пе геас1:-оп И ала1 Н^О. Тпе ех^гаро1а* 'оп

1пе р1 о! 1о гего соггоз'оп ро'п1з 1о а сопсеп*га1 ' оп о?

5.41 М ИОН, ип'сп (шакез зепзе, Ьесаизе 1*1) тз зНдЬИу

аЬоуе 1пе тах'птит зо1иЫ1'1у о^ ИОН 'п Н^О а* 25°С.

Ргот еуа'иаИпд *пезе гезиНз апа" ^итЧпег теазигетеШз о? Ьпе

соггоз'оп ро^еп*'а1 аз а ^ипсИоп о? 1:етрега1иге, ИИаиег

апд Тза' сои1<1 Лег 1 уе а зеппетр'г 1 с а 1 ехргезз'оп ?ог *пе

га1е соггоз'оп ипйег о. -с. сопйН'опз:

Уос * (54Л " 10 [110Н] ) -ехр(25.04 - Е^/КТ)

мЬеге 54.1 апо* 25.04 аге зеппетр 1 г 1 с а 1 саИЬгаНоп сопз*ап1з,

10 1пе зит 1пе соогсЛ па1; 1 оп питЬегз о? М + (6, ассер1ес1)

апс! ОН" (4, ехрег шеп1а1 1у де^егт 'пес! ) 'п 1пе гезресНуе адио

сотрТехез апс! Е .«15.5 кса1/то1, тепИопеа1 аЬоуе.

РигЧпегтоге , Ш1аиег апс" Тза' дегтуео1 а га*е едиа1:'оп ?ог

1пе депега1 сазе о? 1Ье рагазН'с пуйгодеп еуо'иНоп геасНоп

а1 а ро1аг12е(1 И е1есЪгоо"е:

^Н2" °'сог ехр(-«пР(Е-Ес)/КТ)

иНН з сог"^ ^ ' * " ^ 1-''он )• к"сопз!ап1 (а1 сопз1;. *етр.)

апа" Е 1пе ореп-с'гсиН ро(еп11а1. (Рог ^иг*пег с!е 1 а 1 1 5 зее

ге^егепсе /14/ . )

НИаиег апс! Тза' пауе зиддезЪеа1 а *пеоге*'са1 тос!е 1 1пе

(Иззо1у1пд 1Нп'ит е1ес1го(1е, 'пуо1у1пд *пе ("Н^из'оп * Ие

5о1иЫе зрестез 1;пгоидп 1пе ох'с1е 1ауег оп 1:пе е1ес1гоо'е апо1

1пгоидп 1пе ("Н^из'оп 1ауег о^ 1пе аа^'асеп! (Лонппд) еТес-

1го1у1е. Ргот 1Ыз тобе1 1пеу сои 1 с) ("ег'уе Ъпе ге1 а1 1 опзМ р :
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3 - 6С • к'*р1/<: (к " С0П51.)

иПп ^ 1пе пе!: сиггеп* с! е п 5 т 1 у (апосНс), лс сг1*1са1 с. д. апс)

I 1пе Ыте 1о ра$$1уа11оп. ТЫ$ 4ИеогеИса1 ге1 а*10П5П1р 15

соп$151еп1 1пе етр1гтса1 едиаИоп, ^оипс) Ьу Рагтег апс!

ЫеЬЬ /17/ ^ог 1 Ье ра55туа*10п о? 21пс тп Ломтпд е1ес1го1у1е.

ЦИаиег апс] Т$а1 пауе 51исНеа' 1пе гМскпе$5 о? *пе охтс)е

1ауег, Ьу мптсп 1пе пуйгодеп еуо1иИоп геасИоп 15 1пп1Ьиес1,

а5 а ^ипсЫоп 1етрега1иге, ^ 1 о« га1е о? *пе е1ес1го1у1:е

апс! ро$т*1оп а1опд 1пе е1ес*гос)е тп Пом сНгесПоп. Вазес)

ироп 51ис1у 1Неу сои1с! са1си1а4е *пе сиггеп! еН1С1епсу

о( 1пе 111п1ит апос)е а5 а ГипсИоп о? сиггеп* с)еп5Ну апс)

1етрега1иге. Р 1 д . 9 5пом5 1пе сотрите) ге5иН5 (с)а5пес) сигуез)

апс! 1пе соггезропс) 1пд ехрег 1теп1а1 сигуез ( 5 о 1 1 с1 ) 1п диНе

а до ой адгеетеп!. ТМ$ Ндиге с)етопз1га1е5 , 1па* а геа5опаЫу

Ыдп сиггеп* еГПстепсу сап Ье оЬ*а1пес) Ьу аррТутпд а 5и?Н-

с1епПу М 1 д И ( 1етрега1;иге с)ерепс1еп1) сиггеп* с1еп51Чу.

А5 4пе о. -с. апс) рагазШс пус)годеп еуо1иЧоп а* а1иш1пит,

тадпе51ит апс) ШЫит с)е1ег 1ога*е 1пе рег^огтапсе 1пе5е

НдМ те1а1 е1ес1гос)е5 апс) 1пе1г арр 1 1саЫ 1 Ну 1п ЬаИег1е5,

*.пе геасИоп тесЬап15тз пауе 1о Ье ипс)ег з1;оос) , 1п огс)ег 1о

асЫеуе соп1го1 *пе сиггеп<; е^Пстепсу. 5о ^аг 1пеге 15

5оте кпом1ес)де, е$рес1а11у 1п 1;пе са5е 1Нп1ит, Ьи1 ^иг-

*пег 1пуе541да^10П5 пеес) 1о Ье с)опе.
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Fig. 7
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Conference Paper

■ ELECTROCHEMISTRY OF LITHIUM IN AQUEOUS ELECTROLYTES *

by

E. L. Llttauer

Lockheed Missiles S Space Company, Inc.

Lockheed Palo Alto Research Laboratory

The discovery at Lockheed In the late 1960's that lithium could be used

efficiently as an anode in aqueous solution prompted an extensive study

of the electrochemistry of the metal In such solutions. In terms of

the practical value of this work, Lockheed has developed over the years

a number of battery systems In which lithium Is coupled to an Inert

cathode at which hydrogen Is evolved or alternatively hydrogen peroxide

or another species Is reduced and provides higher cell voltage. Another

system Involves a lithium anode and a solid cathode reactant such as

silver oxide. To successfully develop these systems 1t was necessary

to first understand the basics of the electrochemistry and this talk

deals with that topic.

Under certain anodic polarization conditions the metal follows the

classical passivation path but, unlike virtually all other metals which

form passlvatlng films at open circuit, 1t manifests a potential fairly

* Baeed on an invited leoture presented at the Workshop on Electrochemistry of

Sigh Energy Density Light Metals in Aqueous Solutions, Sept. 1-3, 1982, Bel

grade, Yugoslavia.
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close to that expected from thermodynamic calculations, and thus studies

of Its corrosion rate at OCV can provide key kinetic information.

I will address the following topics: passivation behavior 1n terms of

transient and mechanical phenomena and subsequently I will discuss the

influence of electrolyte transport, electrolyte concentration, and

electrolyte temperature on the anodic characteristics.

The chemistry of the lithium-water system 1s relatively simple but the

electrochemistry is complex because the reaction rate between lithium

and water is very fast and the major portion of the metal is always

covered with a fairly thick oxide film of at least duplex structure.

Further, any hydrogen evolution at the metal's surface creates pores

within the film and this 1n turn complicates the picture. The signifi

cant reactions which occur are shown in Slide 1.

Most of the work reported here was performed using a small cell shown

2
in Slide 2. The electrode area was approximately 11.4 cm . In this

cell the counter electrode at which hydrogen Is evolved comprises a steel

screen mounted on a ribbed backplate. Because the lithium 1s always

covered with a thick protective film, this film acts as a separator and

the anode and cathode can actually be pushed together without shorting.

A picture of the film is shown In Slide 3. The Imprint of the cathode

can be clearly seen. In some experiments 1t was required to measure the

film thickness as a function of polarization conditions. This was

accomplished with a probe penetrometer. Other Instrumentation comprised

hardware to permit constant load polarization, potentiostatic and galvanic

polarization and sensitive current, voltage and time measuring Instruments.
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Transient Passivation

Slide 4 shows the highly unusual transient passivation behavior when sub

ject to three polarization techniques. Under constant-load or resistive

polarization the curve ABCD 1s obtained with the transient passivation

phenomenon being shown as BM. The portion of the polarization curve

shown as ABC is exclusively resistive and corresponds to transport

across the anodic film.

In the region CD under gal vanostatic conditions the film formation rate

exceeds the film dissolution rate and this leads to mechanical passiva

tion. Under constant load-resistive polarization a different situation

exists and is described later.

To characterize the transient passivation effect occurring at point B,

and to determine if it could be isolated as a kinetic or thermodynamic

phenomenon, gal vanostatic and potentiostatlc polarization techniques

*ere used. It was postulated that, if the effect had exclusively a

kinetic basis, its onset would occur at different potentials according

to the experimental conditions. On the other hand, the electrochemical

formation of a new phase would be revealed potentiostatical ly, ABCE In

Slide 4 represents the potentiostatic polarization curve with the

transient passivation being shown as BL. Curve ABCF represents the

galvanostatic polarization, the transient passivation Is BN.

It should ! :e pointed out here that exceptional experimental reproduci

bility was obtained with this system provided the anode was momentarily

placed at OCV prior to performing a polarization. It was necessary to

maintain experimental conditions constant, such as anode-cathode con

tract pressure, electrolyte composition, temperature and flow rate.



Reproducibility from run to run of 10 mV was easily attained and generally

a steady-state reading at ^any point was achieved almost Instantaneously

(<10~^ sec). The exception to this was the sequence of events representing

the actual transient passivation.

Under constant load polarization, the carbon pile resistor was adjusted

slowly but continuously until point B was reached as Indicated by a

sudden decrease of current and voltage. At this point, the load was not

altered until the recorder pen returned to B. Polarization was then

continued as before. The time for the sequence BMB was about 30 seconds

under the specified experimental conditions. (At higher flow rates or

at lower electrolyte concentration, the time would be less and vice versa.)

A similar 30-second sequence BLB occurred under potentlostatlc polariza

tion. Under gal vanostatlc polarization, the transient passivation became

permanent, shown by BN, but on Interruption of the current the potential

returned to B, and on relmposlng current the polarization curve followed

BF.

It was observed that the process leading to transient passivation 1s Irre

versible since upon reversing the polarization from D, E, or F, toward

open circuit, no discontinuity appeared at B or elsewhere on the curve.

It should also be noted that for transient passivation to occur the anode

did not have to be returned to OCV (2.76 NHE). It was only necessary that

It be returned to a point slightly negative to B.

Slide 5 shows the Influence of electrolyte flow velocity on transient

passivation at constant load. At the lowest flow rate tested, 6 cm-sec"\

the sequence took longer than 1 minute. At the maximum flow rate,

36 cm-sec" , no passivation was manifested. It was observed that the
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transient passivation sequence time was more or less Inversely proportional

to the flow velocity. The potential for the onset of passivation was

found to be virtually Independent of flow velocity, I.e.,

-2.64 NHE at 6 cm-sec"1 and -2.67 NHE at 27 cm-sec"1.

It was also observed that the duration of the passivation sequence was

proportional to electrolyte concentration but 1t can be seen from

Slide 6 that the potential at which It occurs 1s essentially Independent

of concentration. In 5M L10H, the anode required more than 1 hour to

recover to the active state. On the other hand, 1f the anode was 1n Its

passive state *nd the electrolyte was suddenly diluted from, say, 5 to 4M,

recovery occurred almost immediately.

Under normal conditions In a cell, the transient passivation 1s not

encountered, because the cell 1s operated within a region of the polariza

tion curve well removed from that where 1t occurs. If such passivation

can be reprodudbly controlled, It offers a method to essentially terminate

reaction while electrolyte remains 1n contact with the LI. This, then,

could be an effective means to turn off a LI-H^O battery without the need to

drain the electrolyte.

In the absence of this passivation, the LI 1s covered with a porous film of

L10H, Illustratively shown 1n Slide 7. No doubt, at the base of the pores

adjacent to the L1, a complex situation exists because the activity of

water 1s very low. Thus a series of layers of LI compounds of different

levels of dehydration would be expected to exist 1n between the L10H at the

film solution Interface and the metal surface. The fact remains, however,

that 1n order for LI to exhibit extremely low anodic polarization at high
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current densities It 1s necessary that mass transport occur predominantly

through the pores. It was noted above that once the transient passivation

sequence has run Its course, further polarization 1s a continuation of the

curve which existed prior to passivation. Also, on reversing polarization,

it does not reappear. It follows that the phenomenon is caused by the

formation of a compound within the pores which can effectively insulate

the active metal from the electrolyte for periods ranging from seconds to

hours. It has been shown conclusively via three different electrochemical

techniques that the onset of transient passivation occurs at a specific

potential Eyp = -2.66 (NHE) and thus must represent the electrochemical

oxidation of LI or a L1-conta1n1ng species within the pores. To obtain an

Insight Into the problem, a pH-potentlal diagram for the Li -H^O system was

constructed and is shown In Slide 8.

Inspection shows that at the average electrolyte pH, i.e., 14.3, the

thermodynaically stable phase is L1 + . In practice, the Li electrode does

initially dissolve rapidly with formation of L1+. Then, to retain

electrical neutrality, hydroxyl Ions migrate to the surface at a rate

equal to the rate of ionization of LI and, at the same time, water is

repelled from the surface. A situation then develops such that the solu

bility of L10H Is exceeded and the salt precipitates. It follows that

directly adjacent to the L1, the water activity will be very low and it

is believed that the film actually forms a series of compounds. These

compounds will be proportionately rich 1n L1 at the metal-film Interface,

and moving away from the metal .there will be Increasing hydration until

L10H predominates. The film, which Is 1n a state of quasl-equil ibrium

when the anode Is In the active state, dissolves at the film solution

interface at the same rate as 1t forms at the metal surface. The fact
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that L10H does form a stable product on Li Indicates that the pH within

the film at the active surface must exceed ca. 15.5. Of Interest to

this study 1s the electrochemical formation of L1_0. It 1s apparent

that, as L1 is polarized beyond line 3, L10H and LljO are both thermo-

dynamlcally stable phases. The observed potential at the onset of passi

vation ETp = -2.66 V which falls on line 3 at a pH of ca. 16. The chemi

cal significance of such pH values is open to question, the data does

however confirm that when dealing with a system as reactive as Hthium-

xater, extreme compositional variations exist.

As was shown in Slide 5, the extent of passivation and the corresponding

time to recovery 1s directly affected by the electrolyte flow velocity.

Analogously, as was shown In Slide 6, electrolyte concentration Influences

the extent of passivation and the recovery time. The explanation for these

related observations 1s the fact that at higher flow rates and lower

hydroxy! 1on concentration, the equilibrium for LiOH formation and dissolu

tion 1s shifted such as to lead to a thinner film.

From the above, the conclusion Is reached that the occurrence of transient

passivation is an essentially spontaneous, thermodynamlcally controlled

process. Its onset 1s solely a function of the potential of the Li sur

face. However, recovery of the anode to an active state from the passi-

vated state is a kinetic phenomenon.

Li20 has physical properties dissimilar to LiOH. It Is more dense and

1t has a cubic structure vs tetragonal for LiOH. It 1s hypothesized that

whereas LiOH forms as a porous loose film on the metal, L1g0 may form as

a compact insulating layer at active Li sites. If this 1s the case, the
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formation of LI^O would cause a sudden shift In the equilibrium for the

anodic film formation and dissolution of E^p. This shift would simulta

neously lead to an Imbalance between the rates of film formation and film

dissolution, such that the former would exceed the latter and lead to

passivation.

It Is known that Li^O Is unstable 1n contact with water but, as mentioned

above, at the location where 1t Initially forms, I.e., at the active LI

sites, the water activity Is low.

Also, the L^O 1n contact with alkaline electrolyte at the pore solution

Interface will be unstable and will convert to the final stable reaction

product L10H. L10H Is readily soluble 1n the electrolyte and this could

account for the disappearance of the passivation as the equilibrium between

film formation and dissolution once again dominates.

The fact that the transient passivation Is observed only when L1 Is polarized

from a potential slightly negative to E~ suggests that a subtle but perma

nent change takes place on the anode's surface during the passivation

sequence.

Mechanical Passivation

Whereas the transient passivation phenomenon 1s essentially unique to

lithium, Its mechanical passivation characteristics are classical and are

observed with metals such as lead, zinc, aluminum, and others. The major

difference 1s the time scale Involved and the remarkable reproducibility.

This reproducibility 1s tied to the fact that under fixed conditions the

surface reestablishes Identical characteristics when placed on OCV.
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Experimentally, resistive polarization curves were obtained as shown In

Slide 9 and from these the critical cd shown as b was obtained. Next a

series of chronopotentlograms were obtained by polarizing the anode at

points between b and c. The time to passivation was obtained from the

E-t curves using an oscilloscope.

As mentioned above, point b has to be exceeded before passivation will

occur. The relationship between CD. and time to anodic passivation for

electrochemical systems which follow the classical diffusion limited pro

cess Is

Slide 10

i = k't,-"* (Sand equation)

-1 /2
where k' 1s a constant. Plots of 1 vs t ' are given 1n Slide 11.

P

It Is evident that the curves do not pass through the origin which would

have been the case If Eq. [1] was Implicitly obeyed. However extrapolation

-1 II
of the linear plots to tp ' ■ 0 gives intercepts which were very close 1n

value to the 1c's 1n Slide 9.

Returning now to the classical Sand equation Slide 10

i = fct,-«'»

where k' « 1/2 nFA (irD) ' AC, A 1s the active surface and AC 1s the con

centration difference between reactive species at the metal surface and the

bulk solution, satisfactorily describes the response of metals which form

sparingly soluble and thin protective films. Examples are Fe, N1, Au, Cr

and Cr-Fe alloys. Here, the basic assumption Is that the passivation CD. 1

1s equivalent to the limiting diffusion CD. 1d at tp. This assumption

generally requires an Initial boundary condition where the cation

r
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concentration at the metal surface Is equal to the bulk concentration.

However, for a metal which forms a protective film 1n a strongly corroding

medium, such as L1 or Zn 1n alkaline solution or N1 In add solution, a

concentration gradient will exist even at OCV. In this situation the Sand

equation will not hold. To resolve this, 1t 1s necessary to Include an

additional term y In Eq. [1] to account for the Initial concentration

gradient across the film. Obviously, the OCV corrosion rate will Influence

the value of y.

Slide 12

An empirical equation

where y 1s a constant, was first proposed to account for the passivation

behavior of Zn and y was considered to be due to convection effects or to

various rates of film growth. These explanations do not offer an analytical

solution to the existence of the critical current density 1c.

Lithium unlike Zn does not form complex Ions 1n alkaline solution. It 1s

much more reactive than Zn and forms considerably thicker films, ca. 10 cm

thick, at the metal surface. An analysis of the controlling processes between

the L1 surface and the electrolyte may therefore be undertaken. Slide 13

represents a one- dimensional model for a filmed L1 anode surface 1n a flow

electrolyte. In this model 1t Is assumed that mass transport of L1 +

occurs exclusively via diffusion across a porous oxide layer of constant

thickness (xQ) and through an adjacent diffusion layer of electrolyte of

thickness 5. In a flowing electrolyte system operating under laminar flow,

mass transport can be assumed to occur exclusively across these two layers.

The transport of LI away from the diffusion layer is controlled by convec

tion.



The diffusion equation for the oxide layer can be mathematically represented

in terms of the diffusion coefficient of L1+ In a porous oxide medium and

by selecting the appropriate boundary condition and using the Laplace trans

form technique, the relationship between the current density and time to

passivation may be obtained theoretically. It turns out to be

»-«,.!*- Slide14

and this Is Identical to that which empirically satisfied the experimental

resul t.

Hence 1n conclusion, when Li 1s anodlcally polarized to a level just prior

to the critical current density, the film existing on Its surface 1s 1n a

state of dynamic equilibrium with the electrolyte. The thickness of the film,

is fixed by the electrolyte flow rate, anode to cathode contact pressure, and

molarity. At the critical polarization level, the direct parasitic reaction

is essentially zero while the electrochemical reaction rate 1s near to Its

maximum.

As the CD. exceeds the critical level, the dynamic equilibrium Is disturbed

as precipitation of reactive species occurs within the film and the active

sites diminish and eventually disappear entirely. The dlmunitlon of active

sites 1s reflected as a sudden Increase 1n polarization and within a short

period the cell potential decreases indicating the onset of passivation.

An analytical solution for the passivation phenomenon has been predicted on

the mass transport of L1+ through the anodic oxide film and through the

diffusion layer. The experimental data support the model which 1s based on

the assumption that at OCV there exists a concentration gradient of L1+
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across the film. It 1s this premise which differs from the classical basis

of the Sand equation. It 1s believed that the equation (obtained experi

mentally and confirmed by theoretical consideration) will apply to the

passivation of other metals which have a high OCV corrosion rate, e.g., Zn.

Influence of Operating Variables on Anodic Behavior

It has been found that the rates of the electrochemical and parasitic

reactions respond reprodudbly to

(1) anode-cathode contact pressure

(11) electrolyte activity

(111) electrolyte temperature

(1v) OH" concentration

All these factors Influence the properties of the L10H protective film.

Slide 15 shows a rather Interesting result, namely that the film thickness

does not change with polarization, provided flow rate etc. are kept constant.

However, flow velocity and contact pressure have some Influence on film

resistance and film thickness; certainly sufficient' Influence to be control

variables In operation of a cell.

As will be shown, by far the most Important effect Is that of OH concentration.

Over the span of the active polarization region, steady-state conditions are

observed. A quasi -equll 1br1 urn state exists between active and Inactive sites.

The effective resistance across the film, R, may be tied to the tortuosity of

the film by the relationship

Slide 16

tt_ _a
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where xQ 1s the film thickness, k 1s the average specific conductivity of

electrolyte permeating the film, A Is the projected surface area, T 1s the

tortuosity, and 9Q Is the surface coverage by the oxide film.

Slide 17 shows that xQ/R and therefore 6Q change significantly with concen

tration, especially above 4M L10H, whereas 1n the cases of flow rate and con

stant pressure, the ratio of xQ/R and therefore eQ do not change greatly over

the ranges studied. This effect serves to explain why the anodic polariza

tion of L1 1s very strongly Influenced by OH" concentration especially at high

molarities, and electrolyte flow rate and contact pressure have been observed

to be of secondary Importance 1n cell operation.

Assessment of the surface coverage requires knowledge of the tortuosity

factor t. For the present discussion, t 1s assumed to be 1 . Errors arising

from this are not Important since we are Interested 1n significant changes

1n surface coverage. Values are plotted 1n Slide 18. Inspection of this

figure shows how sensitive the surface coverage Is to varying electrolyte

concentrations. Over the range 3.5 - 5M L10H the active surface area decreases

from ca. 2S% to St.

In this active polarization region a steady-state polarization Is established

almost Immediately; 1t may be assumed that the concentration of L1+ at the

active surface equals the Initial concentration. The rate of removal of L1 +

by diffusion Is equal to the total L1+ flux and no concentration buildup

occurs at the surface. In the subsequent polarization region the anodic

behavior depends upon the way the experiment 1s performed. Under forced

flux-gal vanostatlc polarization the pores In the film become plugged by L10H
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precipitation. However, under constant load or resistive polarization

passivation as such 1s not observed, rather we see a form of concentra

tion polarization, with the flux of L1+ diffusing away from the active

surface defining the polarization observed. It Is possible to calculate

the limiting current for any specific set of operating conditions. The

-4
diffusion layer thickness ranges from about 11x10 cm In 4.8M LiOH and

-4
decreases to 5x10 1n 3M. The variation of diffusion layer thickness

as a function of electrolyte molarity Is shown 1n Slide 19. It thus

becomes apparent that electrolyte flow within and parallel to the pores

In the film Is extremely Important and this then ties to the configura

tion of the screen, the contact pressure and electrolyte flow rate.

Temperature

It has been found 1n practice that lithium aqueous cells will only dis

charge at high efficiencies at temperatures less than ca. 50°C. Studying

the Influence of temperature on the anodic characteristics reveals that

the thickness of the oxide film decreases with Increasing temperature

as does the film resistance, Slide 20. Also when considering the lithium

corrosion reaction, It has been found that the rate controlling reaction 1s

not lithium oxidation, rather 1t Is the rate of the hydrogen evolution

reaction. In fact, the current efficiency 1n the battery Is governed by

the ratio of the two competing reactions, i.e., the anodic dissolution

reaction and the parasitic self-corrosion reaction, Slide 1. Note also

that. the maximum current obtainable never exceeds the OCV corrosion rate.

The Importance of polarizing the electrode to Inhibit the hydrogen evolu

tion reaction Is seen clearly from Slide 21 in which experimentally
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measured current efficiency 1s plotted against temperature for various

polarization levels. The efficiency can actually be calculated using

the equation

v "T ' shown 1n Slide 22

where E£ Is the OCV at a given temperature, o, 0.14, 1s the transfer

coefficient (which has been experimentally obtained) and

from these equations 1t 1s possible to compare experimentally obtained

efficiencies and those obtained from theory. The comparative curves

are shown 1n Slide 23. Thus, 1n conclusion, lithium 1n aqueous electro

lyte shows a number of novel electrochemical features. Because of Its

high reactivity at OCV 1t Is an Ideal metal for study - perfectly repro

ducible starting conditions are obtained Inherently. It manifests two

distinct types of passivation, one the transient passivation 1s unique.

Under normal conditions the surface film exists In a quasi-steady state

condition and passivation 1s not observed, rather, at high c.d. a limiting

current 1s seen. The corrosion reaction 1s controlled by the rate of

hydrogen evolution which, 1f 1t Is polarized sufficiently, enables lithium

to be discharged with very high coulomblc and energy efficiency. Control

parameters are flow rate, temperature , and hydroxyl Ion concentration, the

latter being by far the most effective.
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Li+ + e =T Li

E = E° + 0.059 log [Li+1; E° = -3.0*5 V

LiOH + t" r Li + OH"

E = E° + 0.059 (1H - pH) ; E° = -2.95 V

1/2Li20 + 1/2 H20 + e" ~ Li + OH"

E = E° + 0.059 (14 - pH) ; E° = -2.51 V

LiOH = Li+ + OH"

CORROSION Li + H O ~ LiOH + 1/2 H

REACTION 2

Fig. 1 Reaction of Lithium in Aqueous Electrolyte
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Fig. 17 LiOH Film Thickness and Resistance as Functions

of L10H Molarity
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Fig. 18 Influence of Electrolyte Concentration on Active

Surface Area



 

Fig. 19 Concentration Dependence of Effective

Diffusion Layer
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Conference Paper

THE ELECTROCHEMISTRY OF MAGNESIUM

(THE ANODIC BEHAVIOUR OF MAGNESIUM IN AQUEOUS SOLUTIONS)

Ch.Fabjan, Kh.El-Khalaf and M.JaskuZa

As the cathodic deposition of magnesium from aqueous electrolytes

has not been achieved, except on mercury, most of the investigations

deal with the anodic behaviour of this metal, especially when the

efforts concern the development of useful batteries with magnesium

anodes .

Indeed magnesium offers several rather attractive and promising

features from the thermodynamic viewpoint: Table 1 shows a series

of standard potentials for anodic reactions of materials suitable

for primary and (or) secondary batteries. The data for magnesium

are among the most negative values, thus providing high cell vol

tages. Besides the two electrode reactions concerning magnesium listed

the formation of a monovalent macmesium-cation (Mg+) is discussed, the

calculated standard potential of which is -2,66 V. (The existence

of the Mg+ -ion has been proposed asCpossible intermediate in

volved in the anodic oxidation process of the metal) .

On account of the excellent storage capacities of the light

metals considered, exceedingly high energy densities can be ex-

* Baaed on an invited lecture preeented at the Workshop on Electrochemistry of

Bigh Energy Density Light Metals in Aqueous Solutions, Sept. 1-2. 1982, Bel

grade, lugob lavia

^Dedicated to honour the sixtietn birthday of Prof .Dr.K. V.KORDESCH

Prof .Dr. Ch.Fabjan and Kh.El-Khalaf, Inst.f .Techn.Elektrochemie

TU-Wien, Getreidemarkt 9, A-1060 Wien/Austria

Dr.M. Jaskuja, Jagellonian University, Inst.of Chemistry , Dept. Phys.

Chemistry and Electrochemistry, 30-060 Krakow, Krupnicza Str.41 ,Poland
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pected developing systems like metal air cells (Table 2) . Again

magnesium is one of the front runners among tne candidates pre

sented.

Two major problems are encountered with maqnesium to be applied

in electrochemical cells operating in aqueous electrolytes: In one

respect the considerable corrosive attack oT selfdischarge associate

with hydrogen evolution is a serious drawback in batteries, on the

other hand passivating films, which can be formed in neutral and

alkaline solution, may cause insufficient reaction rates.

Thus the electrochemical behaviour of maqnesium and aluminum

is comparable in a some respects, although an essential difference

becomes apparent, as aluminum . is easily dissolved in alkaline elect:

lytes. Magnesium has been tested and used in various types of prinan

cells, none of them being commercially available to date; it also

represents a suitable material for sacrificial anodes in cathodic

corrosion protection. More recently the development of a magneslurn-

air battery has received some interest, but the studies which were

published remained scarce (3,8,11,12,16).

In order to obtain understanding of the nature of the electro

chemical reactions proceeding at magnesium electrodes , the rest

potentials observed will be discussed at first.

The rest potentials obtained in aqueous solutions significantly

deviate from the reversible values, since magnesium^being not stable

from the thermodynamic viewpoint, should cause the decomposition of

water. The measured potentials can principally be explained in terms

of mixed potentials; when magnesium is dissolved in acid solution th<

mixed electrode-system is determined by the anodic oxidation of the

metal- Mg++-ions going into solution-, and the cathodic discharge of

hydrogen ions. The potential established depends on the rate of the

two parallel reactions proceeding on the metal surface. (The corres

ponding kinetic parameters are responsible for the shape of the

individual polarization curves; since they are highly dependent

on a variety of factors, for imtar.ce on the surface ar°a ?.-\d the

composition of the electrolyte- the reproducibility of rest potentiai

remains poor) .

In neutral and alkaline electrolytes the formation ot passi

vating films plays an important role concerning the potential deter
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mining reactions. Protective oxide- or hydroxide surface layers

formed in anodic reaction can inhibit further oxidation of

magnesium. The processes involved are complex ami their mechanism

has not been fully elucidated so far. From the experimental fin

dings and theoretical considerations it was concluded that the

formation of magnesium hydride occurs. This assumption permits

satisfactory explanation of essential phenomena observed (1,2).

In general the rest potentials are considerably more positive

than the equilibrium values, by 1 to 1,5 volts, although in acid

solutions the deviations from the reversible potentials are less

significant.

The data reported in literature are varying widely, since they

are substantially modified by numerous factors. Besides the pH of

the solution, the type and concentration of the ions present-espe

cially the nature of the anions- are of major importance. More

over they depend on the purity of the metal, or on the composition

of the alloys being investigated, and the electrode pretreatment.

In addition to that dissolved oxygen will influence the rest

potentials. In alkaline solution the establishment of a mixed

potential being determined by oxygen reduction-probably producing

hydrogen peroxide-and the formation of a stable Mg(OH)2 film is

likely. Thus the potentials are shifted towards more positive

values. (Oxygen can ba reduced at magnesium with considerable

overvoltage) .

(Examples of steady state polarization curves for the oxygen

reduction on pure magnesium are presented in fig. 17 and 18).

Summarizing the experimental findings emphasizes the fact,

that the corrosive attack on magnesium in aqueous electrolytes

cannot be completely eliminated on open circuit conditions.

Knowledge of the anodic behaviour of magnesium is essential

for the development of electrodes suitable for electrochemical

cells.

Only few kinetic data are available in literature concerning

the anodic dissolution of magnesium in aqueous media. Most of

the experiments were carried out in neutral saline solutions,

very few investigations concern magnesium oxidation in alkaline

electrolytes (3).
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Magnesium is easily passivated in basic solution in the absence

of activating salt additives and only very low anodic current

densities (in the range of a few pA to nA/cm2)are available. High

anodic polarization is observed, the electrode potentials approachxiiv

values of +2 volts versus SHE.

In neutral saline solutions the tendency to form protective

films is less pronounced and reasonable reaction rates are obtained.

The investigations especially accomplished in the presence of halide-

and perchlorate anions, proved that the current densities applicable

and the corrosion rates- being responsible for effiency losses- are

largely dependant on the composition of the electrolyte, on the elect

constituents and on further operating conditions.

A characteristic phenomenon being associated with a change of the

current level at the electrode from lower to higher values is the

"delayed action" of magnesium anodes.

Fig.1 illustrates the effect, showing a generalized potential

time relation. Switching to a higher anodic current, an immediate

voltage drop is observed, followed by a gradual increase of the

potential towards more negative values. For the satisfactory operatlor

of practical cells minimization of the magnitude and duration of the

voltage transient is of outstanding importance, thus avoiding tem

porary power losses.

A theory widely held offers an explanation of the "delayed action"

assuming the rupture of the protective film on increasing current and

high anodic potentials. The additional active surface area thus pro

duced is exposed to the electrolyte, and the anodic reaction can

proceed at decreasing polarization. Usually more negative potentials

than the initial ones, before current increase, are obtained after

resuming lower discharge rates. Switching the current flow to lower

values, or on open circuit conditions the anodic film is repaired.

.Presently no general aareement on the nature of the passivating

film and all the processes involved in the formation and breaking

of the surface layers exists.

The final anodic reaction product formed is Mg(OH>2 precipitating

into the electrolyte as a voluminous white sludge.

As mentioned before, in nearly all cases the reactions of

magnesium are associated with hydrogen evolution under the experiments
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conditions described (on open circuit and anodic as well as cathodic

current flow) . A marked reduction of the corrosion rate is observed

on addition of inhibitors like chromate anions.

Several mechanisms were proposed to explain the experimental

findings:

1 ) All the processes observed are related and determined by the

presence and reactions of a passivating oxide- or hydroxide

film respectively.

2) The formation of a monovalent magnesium cation Mg , being a

reactive intermediate is assumed. This ion undergoes a number of

consecutive reaction steps being responsible for the overall

processes occuring (2) .

3) The third mechanism established is based on the continuous

formation of magnesiumhydride (MgH2) in the potential regions

in question. This theory is consistent with the results of

thermodynamic considerations, experimental data concerning

the rest potentials observed and the behaviour during anodic

and cathodic polarization; it also can explain the strong re

ductive properties of the dark film produced on the electrode

surface and moreover it offers an interpretation of the "de

layed action" (1 ,2) .

4) An alternate mechanism has been suggested by Wiesener and co

workers (3) basing on the results^obtained with various

magnesium alloys in electrolytes consisting of 5M-sodium-

perchlorate solutions which contained sodiumhydroxide in

concentrations varying from 1 to 3 molar. The mechanism of

the anodic magnesium dissolution is interpreted in terms

of a local corrosion attack (pitting corrosion) .

The anodic reaction of macmesium is assumed to proceed inside,

small holes or pores existing at the electrode surface, forming

magnesium perchlorate, whereas cathodic hydrogen evolution is

predominating outside the pits, preferably at the mouth of the

pores. In this region insoluble magnesium hydroxide is precipi

tated, thus preventing hydroxide ion transport into the holes.

The mixed electrode system established is contributing to the

anodic metal oxidation. The solution within the pits is more

acid than the bulk electrolyte; thus the activated state of the

reactive zones is maintained; when the anodic current is in-
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creased ,enhanced formation of active pits takes place. On inter

ruption of the discharge reaction the hydroxide ions will penefcrat

into the pores (diffusion) and cause passivation of the active

sites and inhibit further reaction. The likelihood of the pro

posed mechanism seems to be supported in view of the "negative

difference effect", the increase of hydrogen evolution being pro

portional to the anodic current flow, reported by many authors (3) .

The nature of the initial process, being responsible for the

production of the pits required for starting the pitting corrosion,

was not explained however.

Magne3ium-prlmary-batterles : (2,4,5,6)

Magnesium- or rather magnesium alloys- have been in use in

various primary cells virtually for military communication pur

poses.

Two types of batteries can be fundamentally distinguished:

The reserve cell, which requires activation by the addition of

electrolyte immediately before discharge and the non reserve or

dry cell which can be stored in the activated state for long

periods (up to 5 years) .

The most important couples applied are listed in table 3.

Usually manganese dioxide is the active cathodic material, but

also silverchloride, (silver-oxide) , cuprous chloride and meta-

dinitrobenzene are employed. The magnesium alloys, usually con

taining aluminum and zinc from a few tenth up to several percents

and smaller amounts of manganese and calcium, provide better electz

chemical behaviour than the pure metal . (Also the effect of other

alloying agents, such as thallium, mercury or lead has been

examined) .

Aqueous solutions of iT.agnesium perchlorate-chloride- or

bromide serve as electrolytes, including additives to inhibit

corrosion of the anode.

The magnesium dry-cell :

A typical example of a magnesium dry cell meeting military

requirements may consist of the following components:

The anode material is an alloy termed AZ21 containing alloying

agents such as aluminum, zinc, manganese and calcium, selected

to minimize corrsosion and the delayed action, providing high
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anode efficiency and being suitable for different modes of dis

charge .

An approximately 4N-nvagnesium perchlorate solution with a

small amount (0,2g/l) of LiCrO^ acting as corrosion inhibitor-

especially during storage- is used as electrolyte. Usually the active

cathodic material is based on manganese dioxide (85%) produced chemi

cally or by electrochemical deposition on graphite electrodes.

Acetylene carbon black (10%) is incorporated into the cathodic

mix to improve conductivity and to retain the needed amount of

water within the cell. Further additives are bariumchromate and

magnesiumhydroxide . The dry constituents are blended together to

obtain a homogenous mix, to which subsequently the amount of

electrolyte is added necessary to produce a mixture of workable

consistency for the final cell fabrication.

Fig. 2 shows a schematic picture of a magnesium round cell

construction.

Separators (cellulose based or plastic materials) are employed

to prevent cell shortage and accelerated corrosive attack at

the magnesium electrode. A magnesium can -fabricated by a process

called "impact extrusion"- encases the other cell components. A

top seal must be mounted to the cell to avoid losses of moisture

during storage and operation at elevated temperature (up to 70°C);

additionally the escape of hydrogen nenerated in the cell, is

ensured through a small hole in the plastic top seal washer.

A carbon rod inserted into the cathode nix serves as current

collector at the positive terminal.

For the design of multicell batteries the necessary intercell

contacts can be fixed to the retainer ring by soldering.

The capacity obtainable varies with the final cell voltage

accepted and moreover is a function of the power output (dis

charge rate) and the operating temperature. An end voltage of

1,25V is considered to be the optimum value. In general the

battery capacity is enhanced with increasing temperature. At

130°F (V70°C) it amounts to approximately 120% of the

7o°F (^20°C) capacity, due to the improved anode efficiency.

The performance of magnesium cells, discharge curves at different

resistive loads, are given in fig. 3:

Considerable heat is evolved during cell operation due to the
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inefficiency of the anode-origrnating from the corrosion

reaction } the high polarization and the Joule effect.

Benefits can accrue from the heat production operating the

cell at low temperatures, if the higher temperature inside the

battery can be maintained -for inptance by using insulation-;

this will improve the capacity substantially.

On low discharge rates (discharge period higher than 50 hrs )

magnesium dry cells usually split open, without serious deformafci

of the cell or remarkable water losses, the rupture being due to

the non uniform attack on the magnesium sheet and the pressure

originating from the formation of magnesium hydroxide, which

occupies nearly twice the volume of the metal. (Subsequently

the cell performance is modified by the air penetrating into the

cell) .

The high shelf life, especially the excellent capability to

withstand high temperr.ture storage ri«? an outstan<?ig advan^ge of

the magnesium dry cell over other types of dry cells. After storage

periods of more than a year at 50°C and 20 weeks at 70°C, 80-90

percents of the initial capacity were still available. The "de

layed action" of the magnesium anode is more pronounced in dry

cells than in "wet" type batteries. 'It- depends on quite a number

factors, a few of which have been previously mentioned, but varies

with the actual operating conditions; the starting delays are with

fractions of seconds to several seconds. It is increased on inter

mittent duty, but becomes negligible during subsequent current

drains, without prolonged interruptions of discharge.

Cell designs differing from the round cell construction have

been tested. Inside -out constructions, using a central cylindric

magnesium electrode and the flat cell design should be mentioned,

but have not acquired appreciable practical importance.

Magnesium reserve-type batteries:

Reserve batteries in general have to meet the requirements

for high power and low temperature applications with short operatic

periods. Typical examples are batteries for meteorological service

or sea water batteries for rescue equipment or serving as power

sources for torpedo propulsion.

The battery is activated by addition of water or salt solution.
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After activation instant deterioration of the cells starts, so that

the service demanded has to be limited to short periods, since

deactivation is -impossible.

Four types of reserve batteries employing magnesium anodes

should be mentioned:

the magnesium-cuprous chloride and

the magnesium-silver chloride system,

the magnesium-manganese dioxide

and the magnesium-silveroxide couples.

(A magnesium-lead chloride seawater battery has also been discussed

recently (15)).

Although being superior in performance and energy density the

Mg/AgCl system has been replaced by the less expensive Mg/CuCl

battery for duties, where weight and volume are not critical. The

Manganese dioxide battery is tolerating the acivated state better,

its life Cctn De extended to a few days retaining 70-80% of the

initial capacity.

Mg/AgO batteries provide enhanced power output and high energy

density and can be used in the activated state for several weeks.

Measuring the disadvantages ol magnesium cells to their advantages,

the following points should be taken into account: Major faults are:

1) The anode corrosion, associated with hydrogen evolution-

causing

7) efficiency Josses; moreover provisions are required for hydrogen

venting.

3) The "delayed action" resulting from the anode passivation.

4) Considerable heat effects during cell operation -which are

not always a disadvantage and

5) poor overall efficiency, taking into account the enercty demands

for the electrowinnlng of magnesium (14) .

ihe main benefits are:

1) High shelf life, in particular at elevated temperatures.

2) Adequate cell operation in a wide range of temperatures.

3) High cell voltage and performance .

4) Energy densities or capacities respectively , exceeding the

values provided by Leclanche cells at least by a factor of two.
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5) The production costs are moderate, compared to the Leclanche—

battery expenses are estimated to be higher by approximately 2 S

Metal air batteries have received considerable attention since

a rather long time, in particular referring to the rechargeable

systems zinc-and iron-air or oxygen respectively. Among the

mechanically refuelable couples lithium-aluminum- and magnesium-

air, recent efforts have been virtually focused on the aluminum-

air system, whereas the activities aiming at the development of

a viable magnesium battery have apparently been substantially diml

within the last years and are possibly approaching a zero level.

Yet we hope for a future revival of the magnesium cell and above

all to contribute advances to this interesting research area

(7,8,9,10,11 ,12) .

Table 4 compares various candidates for metal-air batteries ,

showing some of the essential characteristic data.

A few remarkable features favouring the use of magnesium

should be pointed out:

The battery offers high cell voltage and energy density

on thermodynamic grounds. Appreciably high practical power

densities can be expected. There are ample magnesium resources

providing ready availability, so there should be no problem

with the supply of this metal. The environmental impact and

safety harzards are insignificant (restricted to low amounts

of harmful alloying agents used and hydrogen generation) . The

principr.l cell design is simple, due tc the compact metal sheets

applicable as anodes. Magnesium can be recycled by reintroducing

the reaction product Mg(0H)2 into the refining process after re

moval from the cell and collection. Possible applications are

for stand by power and automotive purposes.

The magnesium winning processes should be improved to reduce

costs and to enable better overall efficiencies. All the problems ',

deficiencies and fundamental limitations beinc^encountered on

investigations and development of magnesium electrodes in general,

also apply to the corresponding systems using air cathodes.

An additional and crucial problem is presented by the air

cathode, which shows rather poor performance in neutral aqueous

solutions. The cathodic reduction of oxygen is a highly irrever

sible process; the complex mechanism involves several consecutive

& *2



steps and has not been fully understood up to now; the charge

transfer reaction usually is the rate determining step. The use

of costly noble metal catalysts is necessary to obtain reason-

2
able reaction rates. (A few hundred mA/cm at a polarization

of 300-500 mV) .A vital and most important research need for

advanced metal/air cells therefore is the development of high-

performance, low cost and long life air-cathodes (13).

The selection of alkaline electrolytes for magnesium-air

cells may be a useful approach to achieve further progress

mainly for two reasons: The polarization of the air electrode

is considerably reduced in alkaline solution, secondly the

corrosion rates are expected to be lower than in neutral saline

solutions; this may permit the use of less expensive, non noble me

tal catalysts for the air-cathode and improve the anodic efficiency.

The major problem which has to be controlled is the enhanced

tendency of magnesium to form passivating films in alkaline en-,

vironment. Another difficulty is the formation of a voluminous

precipitate of Mg(OH)2 adhering to the anode, thus impairing

mass transport. If the sludge cannot be kept off the air-cathode

a serious deterioration of the performance can occur on account

of densification (clogging) of the electrode pores; thus the use

of a suitable separator avoiding major conductivity and efficiency

losses is required. Despite of these problems the development

of an efficient magnesium anode in alkaline electrolyte is still

regarded to be an attractive research goal.

An outline of the results of studies on the anodic behaviour

of magnesium in alkaline electrolytes will be presented finally.

Apparatus and experimental technique:

The measurements were carried out employing a usual electro

chemical glass cell, the anodic and cathodic compartment being

separated by a sinterad glass diaphragm. Virtually galvanostatic,

steady-state current density-potential curves and potential-time

relationships were determined.

Cylindric magnesium rods with a diameter of about 6mm and a

length of approximately 30mm v/ere used, exposing a geometric

area between 3 und 5 cm to the electrolyte. The upper part

and the contacts were protected against wetting through the

electrolyte by encasing it with Teflon ribbons. The purity of
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the metal was at least 99,5% containing minor amounts of iron,

lead and copper (0,05-0,005%) . The electrodes were ground with

emery-paper and subsequently polished to produce a smooth and

uniform surface.

A platinum rod or foil acted as counter-electrode and the

saturated mercurous sulphate electrode (SMSE) was used as re

ference electrode, having a potential of approximately +0,64 V

versus the standard hydrogen electrode (SHE) .

The corrosion rates and the anodic efficiencies were deter

mined on open circuit conditions and under varying anodic current

densities; they were calculated from the weight losses after

careful removal of hydroxide residues adhering to the electrode

surface. Before the establishment of the current density/potential

2
curves first a cathodic current of 10 mA/cm and subsequently

2
anodic polarization at 100 mA/cm was applied to remove impurities

and to provide a uniform surface structure.

The stationary measurements were carried out with the same

electrode at all current densities - not using an individual

anode for each current value selected. Hence the rapid changes

of the electrode surface during current flow, modifying the

polarization values must be taken into account. Usually median

values, calculated from at least three runs were plotted.

Another pretreatment of the electrodes produced a definitely

beneficial effect: after annealing the electrodes at 530-550°C

in highly purified argon for several f4-5* hours, the anodic

reaction occured more uniformly and at a higher rate, forming

a precepitate, which readily separated from the electrode sur

face. Higher stability and better reproducibility of the

potentials were obtained. The nature of the electrode surface

had visibly changed and adopted a scaly, crystalline structure,

due to the recrystallization reactions proceeding in course of

the heat treatment. Fig. 4 compares current density-potential curves

obtained without and after preheating of the electrode.

The principal idea of the investigations wa3 to eliminate the

passivation occuring in alkaline solutions by addition of acti

vating agents to a degree which would allow reasonable anodic

reaction rates , simultaneously achieving tolerable corrosion rates ar

coulombic efficiencies respectively,under open curcuit conditions ar
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various current densities.

Potassium hydroxide solutions containing different amounts

of potassium chloride-bromide or (-iodide) were used as electro

lytes. The influence of several important parameters- for instance

hydroxide and halide concentration, as well as the operating tem

perature was studied, in order to determine the optimal electrolyte

composition and operating conditions.

The results of the measurements:

In pure KOH solutions rapid passivation of the electrode

surface took place; potentials rising to about +2 volts versus

SHE and extremely low anodic currents were observed (in the

2 2
range of a few uA/cm to one mA/cm ) . The rest potentials were more

positive than the reversible values (by 1 to 1,5 volts) and

showed a gradual increase with time, possibly attributable to

the presence of dissolved oxygen. On addition of KCl the rest

potentials were shifted towards more negative values and the

anodic current densities obtainable were increased essentially.

In alkaline solutions containing more than 2 moles/1 KOH

passivation is prevailing; it cannot be eliminated by the addition

of halide ions to an extent, which would provide reasonable anodic

reaction rates. In KOH-solutions containing only moderate amounts

of KCl pitting corrosion is observed. The corrosive attack is

associated with a disintegration of surface layers, the hydro

xide sludge, which is precipitating into the electrolyte, contains

finely divided particles of unreacted metal. A dark coloured film

was formed during most of the measurements . It may concise of

magnesium-hydride (MgH2) but also the presence of magnesium hydro

chloride (Mg(OH)Cl) or suboxide has been assumed. This effect

was not observed in alkaline solution in the absence of halide

ions.

The effect of the KOH concentration in solutions containing

bromide and chloride is illustrated in fig. 5. More negative rest

potentials are obtained and the reaction rates are increasing

considerably in less alkaline solution .The stationary values

showed satisfactory reproducibility. An optimum hydroxide con

centration of approximately 0,1 molar was found, being independent

of the type and the amount of halide ions added ,to a large extent.
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Another point of major interest was the determination of the

influence of salt concentration on the electrode performance.

In Fig. 6 and 7 the logarithms of current densities versus

the potentials are plotted^a reduction of the anodic polarization

can be observed with increasing salt concentration.

Optimum results can be expected using 3 to 4 molar saline

solutions. The most favourable current density/potential relation

ships determined were approximately linear up to values between

2
200 and 300 mA/cm . A nearly complete, uniform consumption of the

electrode is possible in such cases, although approaching the end

of the electrode life, increasing fluctuations of potentials occur.

Comparing the efficiency of the different types of halide ions

testedjcbloride-bromide and iodide, chloride is considered to be

the most suitable one to accelerate the anodic discharge reaction,

although no significant difference of activity, in comparison to

bromide ions, was detected, (fig. 8, 9)

In the fig.10, 1 1 , 1 2 , 1 3 several curves obtained at different

operating temperatures are shown. In general higher reactions

rates are obtained with increasing temperature. The lowest polarizat

was observed at 50°C using an electrolyte containing 4 moles/1

of KC1 and 0,1 moles of potassium hydroxide. It is interesting to

note, that the reaction rates at 80°C had decreased and the anodic

behavibur in solutions having lower halide concentration was

different. Presently no satisfactory interpretation of all the

phenomena and irregularities can be offered. The reduct.io- of

the anodic net current at 80°C may be due to enhanced corrosion ,

likewise the behaviour in more diluted chloride and bromide

solutions may be attributed to corrosion effects.

The "delayed action" , reported in nearly all of the papers

concerning the anodic reactions of magnesium has also been observed

during these investigations. Examples for the voltage transient,

when switching from lower to higher current levels are given

in fig. 14.

The potential rapidly rises towards more positive values,

subsequently decreasing again and approaching a certain stable

potential, which will determine the operating voltage of the cell.
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The magnitude of the initial voltage drop and the time interval

required to reach a constant value are a function of various

parameters. Summarizing the experimental findings it was con

cluded that the "delayed action" is reduced by a decrease of

hydroxide concentration and an increase of the halide-anion con

tent and the temperature. (Also preheating of the electrode pro

duced a beneficial effect) . The best results achieved were vol

tage transients in the range of a few seconds or even less.

As seen from fig. 15, in addition to that, the type of the

anion influences the voltage transient and the time needed to

establish stable potentials. At 10 mA/cm the shortest rise

period was obtained with iodide in 1M KOH, followed by bromide

and chloride ions, which provided more favourable potentials

however> thus achieving higher reaction rates. Taking into account

that the intensity of specific adsorption is enhanced with

increasing ion size from Cl~ to Br- and J-, the activity of the

different ions for the breaking of the pnssivating film -which

is most pronounced for Cl~-ions- should be clearly distinguished

from n»re contact adsorption phenomena.

Fig. 16 gives a comparison of the performance of magnesium

and aluminum in a few typical electrolytes at ambient temperature.

Very low polarization was obtained with pure aluminum anodes in

2
sodium chloride electrolytes up to a few hundred mA/cm . (9) . The

positive potentials are due to the low pH of the solution applied-

containing some al'iminum chloride. The discharge rates cf aluminur.

achievable in concentrated KOH solutions are lower than those

being obtained with magnesium electrodes in mixed alkaline/halide

electrolytes.lt should be mentioned, that the performance of

aluminum anodes at elevated temperatures (between 50° and 80°C)

is far superior to the data obtainable, when magnesium is used,

however (10) .

A few preliminary results from experiments accomplished to

study the reduction of oxygen and the hydrogen evolution reaction

at magnesium in pure 1M KOH and in the presence of potassium

chloride are presented in fig. 17 and 18.

The oxygen reduction (curve. 1), well known for its pro

nounced irreversibility, proceeds with high polarization, ex

ceeding 0,5 volts, this region being determined by activation
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polarization (siow charge transfer) . The b-values of the Tafel-

lines amount to 150r180 mV (fig. 18). Subsequent to a section

which indicates the existence of a (diffusion controlled )limitincr

current, the formation of hydrogen occurs and a second Tafel-

region appears, the b-value of which is approximately 250 mV

(fig 18) . After removing the oxygen from the electrolyte by passing

high purity nitrogen throuqh the cell, the polarization curve

for the cathodic hydrogen evolution was remeasured. The shape

of the curve 2 in the initial section is probably due to the

precence of some reducible species or traces of oxygen. A Tafel

line can be identified at higher current densities, having a slope

similar to the above mentioned value of 250 mV.

Drastic variations of the rest potentials and the reaction

rates were observed at low polarization, when the alkaline electro

lyte contained considerable amounts of chloride. The initial part

of the curve is rather flat, only minute polarization is ob

served at low current flow. In the followinq section of the

log c.d. /potential-curve the linear relationship is renewed;

in case of oxygen reduction the value of the limiting current

is added to the current produced by hydrogen evolution.

The slope of the Tafel-lines are unusually high, lying

between 300 and 400 mV. These experimental data indicate, that

halide species strongly interfere and may change the reaction

mechanism; at least the structure of the double layer and the

energy curves characterizing cbr.rgs transfer will be modified

to a large extent, reflected by the variations of the Tafel-

slopes .

The behaviour of the electrode can be attributed to the

establishment of a mixed electrode system exhibiting rather

high local c.d. , thus being responsible for accelerated

corrosion.

Curve 5 (fig. 17) indicates the polarization on anodic current

flow or discharge, respectively.

Only few results of corrosion measurements can be reported

presently; these studies will have to be advanced considerably,

as the corrosion stability was very low in the electrolytes

studied.
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Under open circuit conditions and allowing the access of air

in solutions composed of 0,1 M KOH and various amounts of KC1,

weight losses between 2 and 4% were determined after a month.

The corrosion proceeded faster in solutions containing KBr (*v<7%).

In one case total disintegration of the electrode was observed

On anodic current flow (10,50 and 100 mA/cm ) coulombic

efficiencies being as low as 10-30% -due to the"negative

difference effect" "were determined. The current experiments

will be continued, aiming at an substantial reduction of the

parasitic losses. The results of the initial experiments would

prevent a practical use of the electrodes and the electrolytes

respectively, having been tested. The inadequate stability of

the anodes may also be attributed to the absence of alloying

components and inhibitors in a highly aggressive medium.

tormex results reported by authors (3,8) investigating

magnesium electrodes in neutral halide or alkaline electrolytes,

for metal-air cell application showed lower reaction rates but

better anode efficiencies.

Summary and conclusions:

A few summarizing remarks should concern the present state

of fundamental knowledge, research needs and development efforts,

as well as future aspects of cells employing maonesium anodes,

in particular of the metal-air system.

No explanation of all the phenomena observed can be offered

up to now. The mechanism of the reactions determining the anodic

.behaviour has not been fully elucidated. In general two compe

titive processes, namely the formation and decomposition of

passivating surface films, being associated with corrosion are

responsible for the anode performance and effiencies obtainable

in neutral and alkaline solutions.

The formation of MgH2 is assumed to be an important inter

mediate or primary reaction product, whereas Mg(0H>2 will be

the final oxidation product in neutral and alkaline solution

(moreover the existence of a monovalent Mg+ion and of hydroxy-

halide compounds has been discussed) .
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ТЬе гезЪ роЪепЪ1а1з оЬзеглгей тау Ье аЬЪг1Ьи!:ей Ъэ *:Ье т!хей

е1ес!:гойе зузЪетз езЪаЬИзЬей. ТЬе айй1Ыопа1 Уо1Ьаде 1оззез оп

апой!с сиггепЪ €1о« сап 5огта11у Ье йеЛпей 1п Ъегтз 6^ а зрес1а1

геас^1оп ро1аг1гаЪ1оп , Йие ЬЬе таЫо о? ЪЬе га^ез Ъпе рго-

сеззез ргойис1пд 1пЫЫ*:1пд {11щз апй ЬЬе апой1с й1ззо1иЫоп ге-

асЫоп. Ассогй1пд Ьо ЬЬе еVа1иаЬ^оп оЕ ЪЬе ехрег1тепЪа1 йа^а з1о«-

сЬагде Ьгапз^ег 1з поЪ 11ке1у. Моге 1п^огта'Ыоп 1з пеейей Ъо ай-

уапсе ипйегз*:апй1пд о1 Ъпе сотр1ех геасМопз оссигг1пд. Мойет

е1есЪгосЬет1са1 теЪЬойз Ъо зЪийу ЪЬе к!пеЪ1сз апй Йекепп1пе <:Ье

гаЬе соШгоШпд зЪерз «111 ргх^1йе Сиг^Ьег СипйатепЪа1 кпо«-

1ейде, ЬиЪ а1зо ехрег1теп*:а1 *:есЬп1дие5 изей 1п рЬуз1са1 сЬет1зЪгу

апй рЬуз!сз зЬои1й Ье аррИей Сог 1Ье 1йепЪ1С1саЪ1оп 1пЪег-

тей!а*:ез апй геасЫоп ргойисЪз.

СиггепЪ йепз1Ыез Ье1пд айедиаЪе Ног ргасЫса1 се11з ЬаVе

<ЗоиЬ'Ыезз1у Ьееп асЫеуей уПЬ тарпез1ит апойез; ЪЬе 6386111:131

геди1гетеп*:в Ъо Ье меЬ Ь^ле йеУ21ортепЪ о€ г V^аЫе 1г»дпез1ит-

а1г се11 аге зиЬзЪапЪ1а1 гейисЪ1оп соггоз!оп апй Йес1з1уе

1тргоуе1Г!еп'1: ЪЬе а1г са^Ьойе.

5еуега1 У1^а1 гезеагсЬ пеейз апй йеуе1ортепЪ доа1з ^ог

тадпез1шп е1есЪгойез сап Ье азгеззей аз {оПоив :

1) ТЬе песезз1Ъу Ъо 1псгеазе ЪЬе й18за^15^асЬогу соггоз1оп

51аЫШу ог сЬагде геЪепЪ1оп зЬои1й Ье ап 1псеп1:1уе Ъо

ЬезЬ а1*:егпа1е а11оу1пд адеп^з.

2) ТЬе изе оС 1погдап1с ог огдап1с сотроипйз Еог тоге еГ?1с1епЬ

соггоз1сп 1пЫЫЫоп; Vа^1ои8 огдап1с зиЬзЪапсез Ье1пд. з!:гопд1:

айзогЬей сап Ье аррИей ап ассоипЪ о{ ап епV^гоптеп^: , «ЫсН

1з поЪ веVе^е1у ох1й1з1пд.

3) ОрЪ1т1гаЪ1оп о± Ъпе е1есЫо1уке сотроз1Ыоп, етр1оу1пд

Vа^^оиз айй1Чуез апй' ас^^аЫпд адепЬз.

4) Ап арргорг!аЪе ргеЪгеаЬтепЪ о^ ЪЬе еТескгойез апй

5) ЪЬе еуа1иаЫоп о$ ЬНе орЪ1тит орегаЪ1пд сошНЫопз тау

Ье ^игЪЬег гетеоИез Ъо гейисе зе1^-й!зсЬагде апй асМеуе

ЫдЬег геасИоп гаЪез.

6) А1Ъегпа1е е1есЪгойе йез1дпв зЬои1й Ье Ьакеп 1п<:о сопв1йега*:1оп

^ог 1пзЪапсе ^Ье изе о^ рогоиз (з!пЪегей) е1есЪгойез о€Гег1пд

ЫдЬег зиг^асе агеа.
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1Ъ 1з геаНгеа ЪЬаЪ а уаг1еЪу о5 ^ип<3атеп1:а1 ргоЫетз апй

ргасЪ1са1 сИ^1си1Ыез Ьаз Ье сорей м1ЪН апй оп1у а 1опд

■Ьегт ргодгатте сап ргоу!с.е Ъпе аез1гес! ргодгезз.

А1ъЬоидЬ ЪЬе сЬапсез о1 Ьпе зузЪет Ъэ Ьесоте зиссезз€и1 V^^:Ып

ЪЬе пехъ Ъеп уеагз угеге гесепЫу аззегзей Ье оп1у 10% (17)у»/е аге

тоге орЪ1т1зЫс апй Ьоре ЪпаЪ ЪЬе ГиЪиге гезеагсЬ е5Сог*:з ^111

^1па11у епаЫе кЬе <ЗеVе1ортеп^; ап а*:Ъгас*;^е , V^аЫе е1ес*:го-

сЬет!са1 ЬаЪЪегу^ЬиЬ 1паеесЗ кпе тадпез1ит е1есЪгойе 1з зШ1

а зд!ае агеа ^ог гезеагсЬ апй аеуе1орггепЪ 1п тапу гезресЪз.

Аскпоу/1ес1детеп<: : ТЫз гезеагсЬ у;огк Ьаз Ьееп зропзогес Ьу ЪЬе

АизЪг1ап Н1п1з,Ьгу 5с1епсе ап<3 КезеагсЬ.
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Fig. 1 Generalized"delayed action"of maqnesium.

(according to ref.4)

CAMON
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Fig. 2 Magnesium round cell construction,

(according to ref.4)
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Fig. 3 Cell voltage versus discharge periods (rates) at various re

sistive loads. (according to ref . 5)

S 109



 

8 UO



 

TITS



 

Fig.6Potential/log.currentdensityrelationships;influenceof

halideconcentration(KBr).
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Fig.9Influenceofthetypeofhalideanionontheanodicbehaviour

ofmaanesiuin(seefig.16).
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Fig.11Theinfluenceoftemperatureontheanodicpolarization(KC1).
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fig-12Theinfluenceoftemperatureontheanodicpolarization(KBr).
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Fig.15"Delayedaction".-potentialversustimeatconstantcurrent density;influenceofthetypeofhalideions,KOH-andKC1

concentration.



 

Fig.16Comparisonofanodiccurrentdensity-potentialcurvesofAl-and

Mg-anodesindifferentelectrolytes.(seefig.9)
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Conference Paper

CHEMICAL DISSOLUTION OF METALS *

Ya.M.Kolotyrkin and G.M.Florianovich

Karpov Institute of Physiche Chemistry Academy of Sciences U.S.S.R.

In keeping with the modern view, the corrosion of metals

is a process «f two ooupled but independent electrochemical reac

tions (the anodic dissolution of the metal and the cathodic re

duction of the oxidizing component of the solution). According

to this view, in the absence of secondary phenomena, the anodic

dissolution reaction should accelerate regularly with the shift

of the potential in the positive direction and slow down with

a shift in the negative direction.

However, data obtained in recent years indicates that the

metal's behaviour during cathodic polarization and corrosion

does not always follow this pattern. The first such observations

date back to the initial use of cathodic protection. It was dis

covered that when the potential shifts in the negative direction

the decrease in the metal dissolution rate is not endless. At

first such observations were accidental, and it was believed

they could be attributed to certain secondary phenomena. Later,

* Baaed on on invited lecture presented at the Workshop on Electrochemistry of

High Energy Density Light Metals in Aqueous Solutions, Sept. 1-3, 1982, Bel

grade, Yugoslavia
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however, it was firmly established that a definite limit to the

reduction in the metal dissolution rate during oathodic polari

zation is a clear-cut feature typical for many metals.

This was first established for liquid metal electrodes by

Frumkin, Korshunov and Iofa 1 on the example of the dissolution

of a sodium amalgam in alkaline solutions at ph">10, and for

solid metals in acid media - in our works 2~*. The correspon

ding data for iron is given on fig.l, where the cathodic pola

rization curves are compared with directly measured metal

dissolution rates at different potentials. It can be seen that

as cathodic polarization increased the dissolution rate of the

metal decreases but only until a certain potential is reached,

after which it remains constant.

Similar results were obtained in our laboratory also for

chromium (fig. 2) ^ and manganese (fig. 3) ^ • Subsequently it

was shown in the works of other researchers that the independence

of the dissolution rate from the potential in regions of suffi

ciently negative values of the potential, which came to be known

as anomalous phenomena, is typical also for a whole series of

7
other metals in different media, including nickel , cobalt

(fig. 4) , zinc 7 (see, for instance fig. 5 ), indium amal

gam ^ , aluminium 13,14 (eee, for instance fig. 6 ^) in acid

media and silicon in alkaline media • Similar effects were

also established when investigating the dissolution of certain

alloys. This phenomena was observed for Cr-Ni-Mn steel in sulphu

ric acid by Knyazheva and for stainless steel and titanium-ba

sed alloys in a mixture of nitric acid and hydrogen fluoride by

17
Mansfeld and Kenkel . This is a far from complete list of the
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works containing such data. Their number is particularly great

inasfar as confirming the effect detected initially by us for

iron.18"2*

Different hypothesis were suggested to explain these anoma

lous phenomena. Testing them required systematic research and

this established, first and foremost, that the growth of the aci

dity of the solution is, as a rule, accompanied by the growth

of the anomalic dissolution rate. In the case of most investiga

ted metals this is what distinguished the process of anomalic

dissolution from that of usual, i.e. anodic dissolution. That

can be seen from fig. 7, which shows the data obtained in our

26
laboratory for iron .It can be seen that while the anomalic

dissolution rate increases with the growth of the acidity of

the solution I the reaction order in respect to H -ions is close

to 0.3), the process of anodic dissolution is noticeably slowed

down (its reaction order in respect to H+-ions is close -I).

27
These results were subsequently confirmed by other researchers .

For instance, fig. 8 gives the data obtained by Vorkapic and

Drazic

The hydrogen ions accelerating action on the process of

anomalic dissolution is also observed in the case of chromium

28
(fig. 9 ), although it is well known that the rate of its ano-

28 29
die dissolution does not depend on the pH ' (see fig. 9).

Similar results were likewise obtained in the studies of the

dissolution of aluminium and its alloys in acid media It

follows from fig. 10, plotted on the basis of Kravchenko's data ,

that while the rate of aluminium anomalic dissolution increa

ses with the growth of the acidity of the solution, the rate of

its anodic dissolution remains unchanged.
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An important feature of anomalic dissolution is that its

rate does not depend on the nature and concentration of the non-

oxidixing anions of the electrolyte, which in the case of many

metals also distinguishes this process from anodic dissolution.

This can be judged from the data on fig. 11 , where a compari

son is made of the rates of anomalic and anodic dissolution of

iron in sulphuric acid solutions at a constant pH, but at dif

ferent sulphate concentrations.

Similar results were obtained for chromium in sulphate,

chloride and perchlorate solutions , for zinc in sulphate

media and for aluminium in chloride solutions

Oxidizing components of the solution can, on the contrary,

in certain conditions, accelerate anomalic dissolution. Pig. 12

for instance, shows that the rate of the anomalic dissolution

of chromium in a sulphuric acid solution increases with the

growth of the concentration of added hydrogen peroxide.

Little information is available about the effect which the

nature and concentration of electrolyte cations have on anomalic

11 21dissolution. According to data obtained by Drazic et al. • ■*

for iron and zinc any such effect is absent.

The temperature has a strong effect on the rate of the ano

malic dissolution of metals. And it is significant that this

effect usually is noticeably greater than the temperature acce

leration of anodic dissolution. For instance, in the case of

26
the dissolution of iron in sulphuric acid (fig. 13) , an increa

se in the temperature from .20° to 80° leads approximately to a

fourfold acceleration of the anodic process but it increases the

rate of the anomalic dissolution ten times over. The greater
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influence of temperature on anomalous dissolution has been ob

served not only for iron, but also for chromium, aluminium,

cobalt, steels of different compositions and other metals* That

is why at certain sufficiently high temperatures the anomalous

effect can be observed in the region of anodic polarization, not

only cathodic polarization. The relevant data for the alloy

Fe-13%Cr is given on fig. 14. In this case, as can be seen,

the condition is fulfilled that the overall dissolution rate

in a sufficiently wide range of potentials noticeably exceeds

the anodic current densities corresponding to these potentials.

It is sometimes possible to observe this absence of an

equivalent between the anodic current and the metal dissolution

rate at lower temperatures. Such data was obtained by Mansfeld

17
and Kenkel (fig. 15) for an alloy of titanium with aluminium

and vanadium.

To judge from existing data, the effect of stirring on the

anomalic dissolution rate is different for the different sys

tems. According to the data of , for instance, the rate of

the anomalic dissolution of iron does not depend on the hydro-

dynamic conditions, while that of zinc increases noticeably

with the growth of the stirring rate.3"*

26 "?2 "i-}In the case of iron and steels JJ it was also found

that the rate of anomalic dissolution could depend substantially

on the degree of purity of the metal, and specifically, on its

carbon content. As that incerase so does the rate of the process

(see, for instance, fig. 16 ^2).

Yorkapic and Drazic investigated the effect of a magnetic

field on the anomalic dissolution of iron and found (fig. 7)
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that when an iron electrode is magnetised the dissolution rate

decreases.

An analysis of all the data leaves no doubt that it does

not completely fit any of the hitherto proposed mechanisms of

anomalic dissolution. One of the first and most natural explana

tions for the phenomena is based on the supposition that even

in the region where the metal dissolution rate does not depend

on the potential the process remains an electrochemical one, but

its kinetics are complicated by secondary phenomena. In the case

of iron, taking into account the well-known dependence of its

anodic dissolution rate on the pH of the solution, it could be

supposed that cathodic polarization which is accompanied by

a discharge of H+ ions, leads to the growth of the near-electro

de pH and that is the reason for the increase in the rate of

anodic dissolution which compensates its decrease with the lowe

ring of the potential. The natural outcome of such a mechanism

should be that the rate of anomalic dissolution is sensitive to

31the stirring of the solution. However, our experiments ■* failed

to reveal this in the case of iron.

Nor does the examined mechanism concur with the observed

dependence of the rate of anomalic dissolution of iron on the

acidity of the solution. Indeed, since the anodic dissolution

rate of the metal is linked with near-surface concentration

of H+-ions ([H+]ns) and the potential by the following relation

ship:

the value ia could become independnt of the potential and cor

respond to the experimentally observed dependence of the anoma-
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lie dissolution rate on the bulk concentration of H+ -ions

[h+jv] only on condition that LH+]ns changes with these

parameters in keeping with the relationship:

lh Ls " K* LH Jv exp<- Bp J-(2)

Quite obviously, the reverse dependence between the bulk and

near-surface concentrations of H+-ions following from this

relationship is physically impossible.

For the same reason this mechanism is inapplicable to

chromium and aluminium, since their anomalic dissolution rates

28—30do not depend on the pH 7 J

Since most of the now known cases of the anomalic dissolu

tion of metals were observed under the cathodic polarization in

acid media, it would be highly tempting to suppose that this

deviation from the classical electrochemical regularities is

connected, in one way or another, with the cathodic evolution

of hydrogen. It is common knowledge that the interaction of the

cathodically evoluted hydrogen with the metal in many cases

leads to changes not only in its surface characteristics, but

also bulk properties, such as brittleness.

It would be quite natural to suppose that the hydrogen

adsorption will also substantially effect the reactive ability

of the surface atoms of the metal, which in this case could be

oxidized through the surface hydride in the following way:

Me + H+ + e — MeH (3)

MeH + H20 »- MeOH++ H2 + e . (4)

x^ As was pointed out earlier, the reaction order in respect

to H -ions for the anomalic dissolution of iron equals 0.3.



On the basis of the conventional views of electrochemical

kinetics, the following relationship could be written for second

of these reactions, i.e. the oxidation of the metal:

ia « K [MeH] exp (^). (5)

It would also be natural to suppose that the steady-state

coverage of the metal surface by the hydride would be propertio-

nal to cathodic current i^ and that, therefore, the value

[MeH} could be expressed by the following relationship:

[MeH] = Krik = Kx [H+] exp ( - ^gj* ). (6)

Combining (5) and (6), the following could be written for

the rate of the metal's oxidation

CH+] exp[ LA] . (7)

Since the values of " <t " and " J2> " are usually close, the last

factor in (7) could be taken as close to I, so that the follo

wing relationship would apply for the rate of oxidation:

ia = K« [H+] , (8)

which agrees qualitatively with the experimental data.

There is no data at present in literature to either confirm

or refute the proposed mechanism. Our experiments, however, have

shown the absence of a direct dependence between the diffusion

rate of the cathodically evoluted hydrogen through the iron

■

electrode (which is regulated by introducing a special stimula

tor of the process - lead sulphate), and the value of the anoma-

lic dissolution rate of the- iron (fig. 18) 26'32 .

It was shown besides in experiments with thin iron membra

ne, one side of which was polarised while on the other side the
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volume of diffused hydrogen was measured, that the rate of metal

dissolution on the nonpolarised side does not depend on the pre

sence or ausence of hydrogen flow through the membrane.

Another fact indicating that anomalic dissolution is not

necessarily connected with the cathodic evolution of hydrogen

is the established possibility of such an effect occur in solu

tions based on aproton solvents not containing hydrogen ions.

Thus was shown ^2 on the example of the dissolution of mangane

se in dimethylformamide solutions of HaClO^ in the presence of

oxygen or Ce^+-ions as reducing particles.

On the other hand, however, it was established that the

anomalic dissolution rate of iron is sensitive to the carbon

content ,J , which correlates with iron's sensitivity to

hydrogenation depending on its carbon content.

Repeated attempts were made to attribute anomalic dissolu

tion to the cathodic disintegration of the metal, i.e. the sepa

ration from it under the action of the wvoluting hydrogen of

small particles which are then subject to corrosion in the elect

rolyte solution. On the basis of this mechanism Vorkopic and

v / 23
Drazic ' explained the sensitivity observed in their experiments

of the anomalic dissolution rate of iron to a magnetic field. It

should, however, be noted that given such a mechanism it would

be natural to expect an increase in the degree of disintegration,

and, therefore, also in the dissolution rate with the growth of

the cathodic current. But that, as can be seen from the data,

fails to agree with experimental results. Moreover, in the case

of such a mechanism disintegration would inevitably be non-uni

form, and therefore the rate of accumulation of the products of

metal oxidation in the electrolyte solution would fluctuate.
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Our experiments with radioactive metals have shown no "spikes"

on the continuously registered curves of accumulation of pro

ducts of metal oxidation in the bulk of the solution in time.

Nor does the disintegration hypothesis agree with the fact, as

we established it, that the rates of anomalic dissolution of

brittle chromium and malleable chromium (with additions of yttb-

rium) coincide.

The data on the effect of a magnetic field on anomalic

dissolution, which is of undisputed interest, cannot apparently

be interpreted singularly. Without additional research it can

not be accepted as proof of the disintegrating nature of this

phenomena. What cannot be ruled out is that the effect is con

nected with the influence which a magnetic field has on the

state of the adsorbed layers of components of the solution on

the metal surface.

Constancy of the dissolution rates is not a feature exclu

sive to this region of cathodic potentials. A similar indepen

dence, as is known, is typical also for many metals in the pas

sive state. Because of that, it was suggested ^ that in the

case of anomalic dissolution the absence of the expected reduc

tion in the dissolution rate as the potential shifts to more

cathodic values is also due to the "depassivation" of the sur

face. This supposition is backed by the data obtained in recent

years wh le determining the rate of the anodic dissolution of

metals when their surface is continuously cleaned mechanically

directly in the solution. For many metals, including iron,

chromium and nickel, it was snown that the activity of the

freshly-formed surface is much greater tnan that in the Tisual
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corrosion and electrochemical measurement b. The relevant data

taken from work ^ is shown on fig. 19, where for each metal the

solid Tafel line is plotted on the basis of data obtained in

the absence of surface cleaning, and the dotted line, when the

surface is cleaned at the fastest rate that could be achieved

in the experiment.

It can be seen that for such metals as zinc and lead the

cleaning of the surface has practically no effect on the anodic

characteristics. At the same time, it considerably activates

iron and nickel. In the case of iron, for instance, cleaning

causes the overvoltage of anodic dissolution to drop by almost

200 mV, which is the equivalent of an almost 100-fold increase

in the dissolution rate. In the case of nickel the effect was

even greater.

This data shows that the influence of components of the

aqueous solutions on the kinetics of anodic dissolution is con

siderably more complicated than had hitherto been suspected.

On the basis of investigations conducted in recent years,

there is every reason to suppose that the typical for certain

metals, and especially metals of the iron group, a strong slo

wing down of the process of discharge and formation of their

own ions in aqueous solutions of electrolytes in usual condi

tions is due to the fact that the most active centres of the

surface of these metals, i.e. the centres where the exchange

lie ^= Ii;en+ + ne takes places most intensively are blocked

firmly by adsorbed oxygen of the water. Apparently, at poten

tials noticeably more negative than the region of usual passi

vation, the blocking rate is not very great and therefore when

the surface is sufficiently quickly renewed, its inhibiting
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effect on the dissolution process oan be completely overcome.

We believe this supposition agrees with the results obtai

ned by Vagramyan ^6»37 who ^0^,1 that when the temperature is

raised to about IOO°C the electrode potentials of nickel and

iron in aqueous media become easily reversible in respect to

their own ions in the solution, which, naturally, is possible

only if the rate of the reactions of formation and discharge

of these ions is greatly increased and could be attributed to

the reduced effect of the inhibiting adsorption of water mole

cules with the temperature.

In this case the data obtained recently in our laboratory

when studying the surface of iron in aqueous solutions by

38—4.1
electrochemical modulation spectroscopic methods-^ would

seem interesting. The observed dependence of the intensity of

the absorption band of the resonance Raman scattering typical

for iron and energy corresponding to the maximum of this inten

sity, on the potential and pH give grounds for concluding that

at potentials corresponding to the anomalic dissolution of the

metal, the adsorption of water molecules on its surface is ac

companied by a noticeable charge transfer, which increases with

the shift of the potential in the positive direction. It could

be presumed that in these conditions the acceleration of the

electrochemical proces connected with the increase of the posi

tive potential is fully compensated by a reduction in the reac

tion ability of the surface complexes due to the increased de

gree of charge transfer, and that explains anomalic dissolution.

Although the proposed hypothesis cannot at present explain

all experimental observations, it looks sufficiently plausible,
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and it cannot be ruled out that in some cases anomalic dissolu

tion proceeds according to this mechanism.

Apart from the examined hypothesis, which do not reject

the electrochemical nature of the process of metal dissolution,

a number of works ^ consider the possibility of explaining the

observed anomalies on the bases of the chemical mechanism of

1

dissolution. What probably served as a stimulus ifor such views

were the results of comparative recent investigations of the

kinetics and mechanism of the anodic dissolution of metals in

different media. It was shown that in practically all cases

tnis process, which by nature is an electrochemical one, also

included a chemical stage - the adsorption-chemical interaction

of the surface atoms of the metal with one or several components

of the solution, which, as a rule, preceded the electrochemical

stage itself - the transfer of charge - and which effected its

rate noticeably, and sometimes even very greatly.

Following up this view logically, it would be natural to as

sume that even in aqueous solutions the oxidation of the metal

could follow not only the electrochemical mechanism, but the

chemical mechanism as well. Apparently this last could occur

when the specifically adsorped anion or molecule was at the same

time the oxidizer. Then the oxidizing and reduction stages of

the corrosion process would proceed not separately as indepen

dent electrode reactions, but in one act, and its rate would not

change with the potential.

Prom this point of view existing experimental data for a

wide range of potentials could be explained if it is assumed

that the dissolution of the metal proceeds simultaneously accor
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ding to both the electrochemical and the chemical mechanism and

that in the usual conditions prevailing in corrosion practice,

the contribution of the chemical dissolution to the overall pro

cess is very small. Since, however, the rate of dissolution ac

cording to the electrochemical mechanism changes exponentially

with the potential, whose shift to negative values is accompa

nied by an increase of the share of the chemical component in

the overall process, and it, after a certain potential is attai

ned, becomes the prevailing mechanism and the measured rate be

comes constant. This agrees with the fact that anomalic disso

lution occurs most often during cathodic polarization.

In keeping with tnis view, the mechanism of chemical dis

solution for acid non-oxidising media could be seen as the re

sult of the direct interaction of the metal atom with the H^oiion

according to the following reaction

Lie +.H30+ —*- fcieOH+ + Hg ,

which agrees qualitatively with the observed dependence of the

rate of anomalic dissolution of many metals on the pH of the

solution.

In keeping with the experimental data, it should further

be assumed that certain oxidizers, as for instance hydrogen per

oxide could take part in such processes. Their participation

could be expressed by the following reaction:

3 i«e + H202 + 3 H30+ 3 inIeOH+ + 2 HjO + H2.

The supposition that the dissolution of metals proceeds

simultaneously but independently according to the chemical and

the electrochemical mechanism agrees well with the results of

measurements of the quantity of hydrogen which evolutes under
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anodic polarization. It turned out that this quantity corres

ponds exactly with the rate of the anomalic dissolution of the

metal concerned measured in the range of cathodic polarization

(see, for instance, fig. 20 ^).

This supposition made it possible to explain also the some

times observed effect of anomalic dissolution of metals under

anodic polarization, when the overall dissolution rate fails to

correspond to the anodic current density and the metal is dis

solved with an increased currency yield (see, for example, fig. 4,

14, 15, as well as the survey42 and works. 9 • 22, 24, 44

Since the diagnostic criteria distinguisning the electro

chemical processes of hydrogen evolution from the chemical one

could be the value of the isotope effect, it was interesting to

determine the separation factor of hydrogen isotops

when the electrochemical evolution of hydrogen predominates and

also when the anomalic effect prevails. Special experiments with

amalgams of alkaline metals 45,46 sfcOWed that in the transition

from the electrochemical to the chemical process the isotope ki

netic effect changes, which can be regarded sb confirmation of

the chemical mechanism of the dissolution of alkaline metals. The

isotope effects measured for the evolution of hydrogen on iron,

chromium and manganese4^'4® proved to be dependent on the nature

of the metal, but independent of the potential (and, therefore

of the nature of the reactions taking place on the electrod) .How

ever, an analysis of the possible mechanism of the process con

ducted by the authors to satisfy regularities found experimental

ly led them to conclude that both the cathodic evolution of hyd

rogen and the hydrogen evolution accompanying anomalic dissolu-
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tion pass through the common stage of a direct checaical inter

action of the metal with the water molecules.

The view that the dissolution of metals according to the

chemical mechanism is the cause of the described anomalic pheno-

1-3
mena, originally proposed in , subsequently became widely

held. As a result today the concepts of anomalic and chemical

dissolution are often taken to be identical. Yet, it follows

from our analysis that in the general case the rate of the acti

ve dissolution of the metal need not depend on the potential for

a variety of reasons. The different possible interpretations of

anomalic phenomena during metal dissolution open up, on the one

hand, a wide field for research on the subject, and, on the

other hand, show that when establishing the mechanism of the

phenomena an all-round and deep analysis of observed regulari

ties is required.
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Several mechanisms have been proposed in the past

zo explain tne electrochemical behaviour of light metals in

aqueous solutions and particularly the apparent anodic dissolu

tion valency, lower than the most common value, and the rest

potential .

I have discussed in detail the various hypothesis

in the case of magnesium in the corresponding chapter of the

''Incyclopedy of the Electrochemistry of the Elements"

and MALACHOVSKI did the same for aluminum 'v2;.

Besides the consideration of complex mechanisms

involving dammage and repair of a surface oxide film, which

could explain some of the phenomena observed, but not the

values of the rest potential, all the assumptions generally

considered to explain the apparent electrochemical valency

introduce an intermediate species, which was either divided

metal (Desintegration Effect), subvalent ions or hydrides,

* Contributed paper at the Workshop on Electrochemistry of High Energy Density

Light Metals in Aqueous Solutions, Sept. 1-3, 1982, Belgrade, Yugoslavia



the reaction of which with water being responsible for the

hydrogen evolution at the electrode.

The first hypothesis cannot however explain the

values of the rest potential, which was most frequently

considered as mixed potential between hydrogen evolution

reaction (HER) and metal dissolution, but the formation of

an hydride film at the surface of the electrode has also

been considered.

Ail these assumptions had to be tested and it was

necessary to calculate the theoretical values of the para

meters of the equilibria of the various compounds which were

assumed to be present and to compare them with the experimental

results .

dsisMh

For a given electrode in aqueous solutions the

equilibria can be calculated as the results of the interaction

between the oxidation sequence of the metals :

A — A — ■ • ■ — M

and the fundamental equilibria of water

(d) H,0 + H" - Hg + OH"

iv) H20 = K+ + OH"

with the corresponding relations

(d) Log [H-] - - 38.08 + pH + Log Pf£2

[■*) [H+-ircH-i = K„

Relation (d) shows that for ?h2 ■ 1 atra» fH~1 varies

between - 38. 08 and - 24.08, according to the pH values.
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Therefore H" ions cannot be considered in the bulk of the

solutions and the chemical reactions involving hydride ions,

such as :

M+n + nH" - MHn

shall be negligible and will not be considered. The possible

formation of the hydrides on the surface of the electrode

night involve the electrochemical formation of the hydride

ion

(b) H+ + 2e" - H"

but more probably will be obtained directly by an electro

chemical reaction such as :

"A+n + n(H+ + 2e") - MH ,

the presence of the hydride on the surface of the electrode

being the result of the interaction and relative rates of

its formation and hydrolysis reactions :

MEL, + n Ho0 - M(OH)„ + n YL, .

'.v'e can calculate the chemical potential, ^.2' °* hydrogen

corresponding to the equilibrium

MHn/M(OH)n

to which corresponds the equilibrium pressure Pjj2 of the HER

overvoltage rijjg, according to the equations :

Ionized hydrides, such as MH^jJ >, which are inter-

uediate species between M+n and MHn, can also be considered,

as well as the corresponding hydroxides MH^n_p) (°H)p« '^he

diagram on figure 1 shows the various possible compounds

which could be formed in the case of a three valent metal,

such as aluminum, and their relationships. We must note that
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many compounds appearing in this diagram are unknown in the

case of most metals and that each compound has to be consi

dered in its various states.

Standard jibbs energies of formation have been

estimated for some compounds using linear relations in

jibbs energy diagrams :

ftG° = an + b

where a and b are constants and n the number of substituants

or ligands in an homologous series of compounds such as M(OH)

or aG° = a iH°+ b

which can be used for analogous compounds, such as metal

halides .

Such relations can give good estimations for

standard 3ibbs energy or enthalpy of formation of the com

pounds in a series, provided that they are in the same

physical state (solid , liquid , gaseous , dissolved,

and do not have specific reactions or complexation.

In some cases, non linear but continuous variations

in a series will also allow theoretical determination of

thermodynamical functions.

It must be noted that we need to be very careful

in using such relations. Indeed, the compounds considered in

a series must be strictly homologous and we may have to con

sider also structural symmetry and complex formation such as

solvates. For instance, in the case of iron, extrapolation

of the Fe+2 - Fe+^ series to Fe+ gives the value

*5°f Fe+ = -• 155 IcJ.mole"1

which would lead to a thermodynamical statillty domain for

the Fe+ ion, instead of ?e+c: , although the reverse situation
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has been observed experimentally, a result which implies that

Fe+ is less negative than - 42 kJ.mole"1. Thus we must

+2 +"5
conclude that the values &0i Fe and Fe do not cor

respond to ions in the same physical state. In this parti

cular case we might assume that the hydration sheet of the

two ions, the formula of which would be written Fe+n(0H2)o,

have different structure and symmetry. Thus the two ions are

not strictly homologous.

Actually the linearity law may not be verified

exactly in all series, but the deviation will be small for

truly homologous compounds. In the case of very large dif

ference it will be better to consider that the compounds

involved are not in homologous states. We have seen above the

case of the iron ions and we could observe the same behaviour

with the iron hydroxide, for which Fe(0H;2 has a stability

domain while it ought not to have one if the linearity law

was verified. This phenomenon will be observed for many

hydroxides since there are, for most metal, several cristal-

lographic forms which have slightly different Cribbs energy

and to which will correspond several solubility diagrams and

electrochemical equilibria leading also to different E-pH

diagrams .

We must also consider in the aqueous phase the

compounds which are usually solid as undissociated dissolved

molecule or atom, and surface compounds which will have

standard Jibes energy different from those of the same com

pounds in the aqueous or solid phase. Adsorbed species may

enter in this category. We shall discuss below the case of

the aluminum compounds.

No evidence of the presence of subvalent ions at

the surface of an electrode in aqueous solutions has yet been

obtained, except in a few cases such as indium ^\ and the

few data available for their thermodynamic al functions have

been obtained by theoretical calculations. In the case of

magnesium and aluminum they can be considered as reasonable

estimates and used in further calculations.



At first, I shali calculate the chemical and electro

chemical equilibria for the various compounds and the corres

ponding S-pH diagrams will be presented and discussed. The role

of the water stability domain and gaseous hydrogen will also

be discussed.

The values of the thermodynamical functions of the

magnesium and aluminum compounds, which will be used through

out the calculations are those selected for publication in

the revision of LATIMER 1 s book : "Oxidation-Reduction

Potentials in Aqueous Solutions", now under press, and, due

to changes for some of these values, a few numerical results

presented below will show variations from previously published

data.
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The magnesium system Is relatively simple, since

the possible intermediate species are few in number. I dis

cussed the various mechanisms which have been proposed

for the explanation of the electrode phenomena and I shall

not discuss them again, 'out rather present the thermodyna-

mical data for the possible equilibria.

I published some years ago v ; a complete study

of the S - pH diagram, which however must be updated.

The oxidation sequence of magnesium and the com

pounds which, will be considered are shown in the following

diagram :

MgH MgH2

Mg Mg+ ► Mg+2

| I

MgOH MgOH+

Mg(OH)2

The selected values for the magnesium compounds

are shown in table 1.

With these values we can calculate the various

solubility equilibria :

Mg(0H)2 (c) = Mg+2 + 20H"

k = 8.9 10"12mol3l":> ; Log f Mg+21 = 16.95 2pH



Mg(OH)2 (c) MgOH+ + OH

k = 2.i» lC"9mol2l"2 ; Log rMgCH+l - 5-35 - ?H

MgOH+ => Mg+2 + CH"

.< = 2.5 10"3mol l"1 ; Log !\Mg+2l -Log [ MgOH+] - 11.49 -pH

These resuit3 show that MgOH+ will have no stability

domain.

The dissolved hydroxide, Mg 0H)2 (ac), less stable

than the solid hydroxide, will not appear in the equilibria,

and may be considered eventually only as a short-life inter

mediate species in the reactions involving the solid hydroxide.

Table 1

Formula State
t

s°

kJ mole"
-1

J mole"1 K"1

Mg c 0 0 32.63

Mg+ ac - 2J0 - 256.4 51.8

ac - 166.62 - 454.6 - 138

MgH S
172.2 I 48.1 142 (193)

MgOH S (217 - 8?)
- (221)

MgH2 c - -6.1' - 9.2 \ - 35.9 31.07 * 0.34

MgOH* ac - - 626.5
-

y«(0H)2 c - 924.2 - 2.1 - 333.2 63.15

Mg(OH)2 ac - 926.4 - 769.1 - 148.9
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Monovalent ion Vjr* and .Monohydroxide MgOH

We have no experimental data about the therniodyna-

■nicai functions of MgOH and we have shown in a previous work

that this compound, known only in the gaseous state, must
o

have a standard Gibes energy of formation aG~ more negative

than - ^16.7 kJ.mole to show a jthermodynamical stability

domain in ac.ueous solutions. The standard enthalpy of forma

tion *H£, of the gaseous monohydroxide has an estimated value
1 _1

of 217 kJ mole , and it is unlikely that the corresponding

value of tdl will satisfy this condition.

For the solid hydroxide £02 can also be estimated

by use of the Gibbs energy diagrams in the series Mg - MgOH -

Mg(0H)2. The calculated value is equal to the limit value.

Thus the monohydroxide has no stability domain, but it may

be considered as an intermediate during oxidation of Mg to

Mg(OH)2.

Considering the subvalent ion Mg+ as an interme

diate species in a reactions cycle, its Gibbs energy of

(7 )formation yG£ has been calculated theoretically v''.

Its hydrolysis reactions :

Mg+ + H+ - Mg2+ + J Hj iG° - - 198.2 kJ

Mg+ + H20 + OH" - Mg(OH)£ + \ H2 i,G° - - lSl.J kJ

show that it will noc exist in the bulk of the solution.

However we can use the selected value j.32.(Mg+) to calculate

Gibbs energy for the various compounds in the aqueous phase,

according to the following diagram :
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Mg OH2

aqueous phase

MgOH

-413.7

Mg

•58.2

_ Mg*

-256.4

- 769.1

Mg
+2

-4 54.6

and the potential of electrode reactions in the oxidation

sequence, in acid solutions :

Mg + 3 Mg

Mg+i + e" ■ Mg+

Mg+i + 2e" = Mg

S° =. - 2.657 V vs MEE

2° =■ - 2.054 V vs NHS

2° = - 2.356 V vs >JHE

and in alkaline solutions :

Mg(0H)2 + 2e~ - Mg + 20H"

38 - - 2. 638 V vs NHE ; dS/dpH « - 59.1 mV

Mg(0H)2 + e" - Mg+ + 20H"

Z° - - 2.718 V vs NHE ; dS/dpH - - 118.2 mV

The E - pH diagram for the magnesium-water system, when the

hydrides are not considered, is shown on figure 2 and we

observe that Mg+ would have, in this case, a thermodynamical

stability domain which would make it likely to be observed

as an intermediate species during the dissolution of magne

sium.
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However this diagram does not match the experi

mental results obtained for the rest potentials and we have

to consider the possibility of the presence at the surface

of the electrode of the magnesium hydrides MgH or MgHg.

Monohydride MgH '*

The monohydride, known only in the gaseous state,

is an endothermic compound and its chemical stability is

relatively low as shown by the reactions :

MgH + 2H+ - Mg+2 + | H5 . &0° - - 596.6 kj

MgH + 2H20 - Mg(0H)2 + | Hj a0° - - 500.9 W

It cannot exist in the bulk of the solution but may

occur at the surface of the electrode were several reactions

may lead to MgH formation.

Kg + H+ + e" - MgH IE8 - - 1.474 V vs NHE

IdE/dpH = - 59.I mV

Mg+ + H+ + 2e" - MgH I Ea - - 2.065 V vs NHS

IdE/dpH - - 29.5 mV

Mg(0H)o + 3H+ + 3e~ - MgH + 2Ho0 lE° - - 1.750 V vs NHE
2 2 1

IdE/dpH - - 59.1 mV ■

Mg+" + H+ + 3e" = MgH IE" - - 2.061 V vs NHE

l

IdE/dpH => - I9.7 mV

We obtain the corresponding E- pH diagram (figure J>)

which shows that, in this case, magnesium metal has no
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thermodynamical stability domain and that the Mg* stability

domain is greatly reduced, but the monovalent ion can still

be considered as an intermediate species in the anodic dis

solution of the metal. However this diagram does not cor

respond either to the experimental results obtained for

potentials .

Dihgdrldg Mggg

The dihydride MgHg Is a much more stable and well

lenown compound, but it is also hydrolyzed according to the

reactions :

KgHg + 2H+ - Mg+i + 2H2 aG° = - 418.7 lcJ

MgHg + 2H,0 - Mg(0H)2 + 2H2 \1° - - 323, C fcj

Ve can calculate the chemical potential of hydrogen

needed to observe the MgHg/MsC^H)^ equilibrium

u„ = 161.5 VcJ mole"^

*2

to which corresponds

Log ?., - 28.29

*2

and lH " " 0,8:57 V

Such a high pressure cannot be obtained experiment

ally and the dihydride cannot exist in the bulk of the solu

tion. However, according to the value of the HER overvoltage ,

its presence at the surface of the electrode can be considered

and several electrochemical reactions may lead to its forma

tion :
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- ?Hf + 2e~ » MgHg
0.136 V vs NHEI

I

E° = +

I dS/dpH » - 59.1 mV

■•*>
+ 2H+ + ?e" - MgH2 E° - - 0.762 V vs NHS

dE/dpH - - 39-5 mV

MgH ♦ H+ + e" - MgH2 S° - + 1.844 V vs NHE

dS/dpH - - 59.1 mV

♦ 2H+ + 4e" « MgH2 E* - - 1.C84 V vs NHS

dE/dpH - - 29.5 mV

;-'s(ch)2 + 4e~ = MgH, + 2^0 S° » - 0.837 V vs NHE

dE/dpH - - 59.1 mV

The stability diagram at pH 0 of the various com-

+2
pounds cv rsidered (figure 4) shows that MgH2 and Mg are the

only co"-.r ..,rds with a domain of thermodynamlcal stability.

Th? corresponding E - pH diagram is shown on figure 5.

However v* ? ran see that the thermodynamlcal stability domain

of th? Hr/l-lde is not situated within the stability domain

of wszec , \;id thus could be observed only if the HER over-

voltage on r.,i9 electrode is higher than the limit value cal

culated ah--/!-, :

'iH ' > 837 mV-

In acid solutions we shall obtain a higher value

for which will reach IO85 mV at pH 0.

Furthermore the formation of an hydride layer at

the surface of the electrode requires that the rate of forma

tion or XJps, hydride is higher than its hydrolysis tate, a

reacticr. wh'---'. will become faster in acid solutions as pH

decrease-;-. Thus we must expect an abrupt change of behaviour
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at pH values for which this condition no ionger exists and,

at lower pH, the magnesium electrode will dissolve simulta

neously with hydrogen evolution, and a mixed potential will

occur.

Ve have observed such a change of behaviour at

about pH 6 in acetate solutions v , and we have calculated

that the corresponding value for ^2 is about 1 V in t.hese

solutions .

The comparison has been made between the calculated

diagram and the experimental measurements of the rest poten

tial obtained on magnesium electrode ^ ^ (figure 6).

For lew values of pH, the rest potentials can be

considered mixed potentials as described above and for pH

higher than 12, we assume that the dispersion of the results

might be explained by high sensitivity of the dihydride to

residual traces of oxygen, leading to simultaneous occurrence

of several reactions mechanisms involving oxides and hydroxi

des. Indeed we have the reaction :

MgH2 + 02 - Mg(OH)2 a0° - - "97.3 W.

In the pH range 6 - 12, the experimental results

match the theoretical diagram, and we can assume that forma

tion of the dihydride at the surface of the electrode explains

the observed potentials of magnesium in aqueous solutions for

this range of pH.

However in the anodic dissolution of the metal,

none of the three compounds considered above : Mg , MgH, MgH,-

can be rejected a priori as an intermediate species. They

would have a very short life time and be either further oxi

dized or hydrolyzed with hydrogen evolution. However the

dihydride which is stable at more anodic potential than the

other species appears as the most probable intermediate species.
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Scullibrium with gaseous

gaseous hydrogen being produced at the surface of

the electrode during the anodic dissolution of magnesium, we

must consider the modifications induced by its presence.

The reactions with the metal

Mg + H2 - MgH2 AG" = - 35.9 kJ

2Mg + H2 - 2MgH fcQ° =. + 284 kJ

show that it is unlikely that the monohydride will be formed

while this could happen for the dihydride.

The reactions in which MgH is involved have a stan

dard potential more cathodic than - 3 V vs NHE and will not

be considered.

For the dihydride we have the following reactions :

Mg+2 + H2 + 2e" - MgH2 ! E° - - 2.176 V vs NHE

• dE/dpH - 0

Mg(0H)2 + H+ + 2e~ = MgH2 + 20H* I E° > - 2.501 V vs NHE

■ dE/dpH = - 59.I mV

Mg+ + H2 + e" = MgHg IE"-- 2.285 V vs NHE

I dE/dpH = 0

The corresponding E - pH diagram (figure 7) shows

that, in this case, the monovalent Mg has a thermodynamlcal

stability domain and thus is likely to be an intermediate

species during the anodic dissolution of magnesium for which

we may consider the following 'oxidation reactions diagram,

from Mg to Mg c :

O
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ALUMINUM

The aluminum system is much more complex than the

rr.agnesium system due to the higher valency, leading to the

possible formation of more compounds, and to the amphoteric

character of the hydroxide.

The selected values, given in table 2, will be used

in our calculations of the thermodynamlcal stability domain

of the various compounds considered in the following diagram :

Al

AIH

t

AI+

a'ioh

AIH,

Al"1

AIH^
I J

AIH2+

I

AIH2OH

AIH+2 AlHCOH^

Al + 3

AlOH^2

I

AKOH1+

I 2

AI(OH),

AlCOH)"

[AIO+]

[aio2h]

AIO2

Al 03H-

Several of the compounds will be considered in the

calculations : AIH*, Al + , Al+<", A1H2 gas, AIHgOH, A1H(0H)2,

although no standard Sibbs energies of formation have been

selected for them.
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Table 2

Formula State S°

kJ mole"1 J mole^X-1

Al c 0 0 28.35 ±0.58

Al+5 aq - 531 - 485 - 322

A10+ aq - - 654.2

I

AlOg aq - 918.8 - 823.4 - 20.9

+2
aq - - 694.1 -

A10H S
(180 ± 12.5) (- 163) (216.3±2.1)

Al(OH)3 amorphous - 1276 - 1137.6 448.1

AKOH)^ aq - - 1094.6 -

Al(OH)]; aq - 1490.3 - 1297.8 117

A1H S 259-2 231.2 187.8

AlH^ S 75 * 42 91 - 42 170 i 2

AlEj r c - 11.42± 0.84 46.48 i O.96 30.04

A1H? Y c - 1.80± 0.63 50.41 48.9

AlH^ electrochem.
-

103.8 - 11.7 -

A1H+2 electrochem. - - 365.6 ±12.6 -
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values selected for the underlined compounds

will be discussed below. Estimated values are in bracketts.

For the neutral trivalent compounds : AlH^ and

Al(OH)j, in the solid state, several cristailographic forms

exist .

- A1H,.

J (a)

Considering chemical reactivity and sOi , the

most stable of the various cristailographic forms prepared

Tor this compound ^10^ will be the polymeric AlH^

- A1(0H),.

The available data show that the most stable cris

tailographic forms will be the dlaspore for AlOgH, and the

gibbsite for Al(OH)j. However we shall consider the amor

phous phase, which is formed in reactions in aqueous solu

tions, as the most probable form involved in electrochemical

reactions.

Subvalent ions

Subvalent ions such as Al+ have been assumed to be

present as an intermediate species in the electrochemical

reactions at the electrode surface in aqueous solutions, and

particularly during the anodic dissolution. MALACHOVSKY ^

discussed the various mechanisms and concluded that, up to

now, there does not appear any convincing evidence for the

existence of Al+ in aqueous solutions, although it may exist

in fused salts or organic solvents, and the + 1 state of

+2
aluminum is well known in the gaseous state. Al has also

been postulated, but its presence is still more dubious.

However, a value of the equilibrium potential for

A1/A1+ has been reported ^ :



0.59 V vs NHS

to which would correspond the standard Gibbs ensrsy of forma

tion of the monovalent ion :

\Z° (Al+) = - 57 kJ.mole-1

V-'ith Gibbs energy diagram, this value would lead to the cor-

+2
responding value for Al

(Al+2) = - 271 kJ.mole-1

Independantly, the standard Gibbs energy of forma

tion of the two ions in ac.ueous solutions were recently esti

mated graphically by MARKOVIC , using a linearity law bet

ween Al and Al+^, and Gibbs energy diagrams :

\Ql (Al+) = - 155 lcJ.mole"1

(Al+2) = - 305 lcJ.mole"1

If we do not consider the hydride compounds, we can

calculate the value of the equilibrium potentials in the oxi

dation sequence of aluminum with these two different sets of

values, and determine the stability domains of the various

ions .

E° (V vs NHE]

ref (4) ref (11)

Ai + + e" - Al - 1.400 - 0.59

Al+2 + 2e" - Al - 1.580 - 1.404

Ai+3 + 3e" - Al - 1.675 - 1.675

A1+2 + e - Al+ ■» 1.762 - 2.220

Al+5 + 2e~ Al+ - 1.814 - 2.210

Ai+5 + e" -
Al+S

- 1.865 - 2.210

S 174



The corresponding stability diagrams at pH 0

+ +2
(figures 8 and 9) show that Al and Al have no thermo-

dynamical stability domain, and that the only stable compounds

in the sequence are Al and Al+^.

We can calculate the limit value for which a thermo-

dynamical stability domain for Al+ would exist. We obtain the

condition :

-°f (A1aV K ' 162 kJ-rnole"1

For each set of values we can determine, by extra

polation in Gibbs energy diagrams, the corresponding value

for* the aluminum atom Al3 in the aqueous phase. These values

are respectively + 40 kJ.mole"1 and + 157 kJ.mole"1. In an

homologous series of M+n, a positive value obtained for

(MaC) is a criterion that no thermodynamical stability

domain will be found for the subvalent ions. In the case of

magnesium, for which we observed a stability domain for Mg ,

the corresponding value was, as we have seen before :

,*G° (Mg* ) = - 58.2 kJ.mole"1
X cLQ

However the subvalent aluminum ions might be formed

at the surface of the electrode during anodic dissolution by

parallel reactions, but they will be oxidized instantaneously

into Al+' unless they exist in an adsorbed state, the Gibbs

energy of which being more negative than the limit value.

We shall come back on this point below.

No data are avalaible for the subvalent hydroxides

(4)except for one value given by MARKOVTC v ' :

/\G°. (A10HC) = - 570 kJ.mole"1

This value is close to the value obtained by interpolation

in Gibbs energy diagram for the hydroxides from Al to A1(0H)^

(- 385 kJ.mole"1), and no stability domain can be obtained
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for A10HC. However this compound could be considered a pos

sible intermediate in the oxidation reaction of Al to A1(0H)^

Experimentally, no stable equilibrium between alu

minum metal and Al+^ aqueous solutions has ever been observed

at one of the potentials calculated above, but, values close

to the standard Al/Al+* potential have been observed in a few

transitory experiments in which freshly cut or vapour depo

sited aluminum surface were exposed to acid solutions from pH

2.17 to pH 5.20 (12'13)>

Solubility equilibria

With the selected values we can calculate the va

rious possible solubility equilibria for the compounds in

which aluminum has the oxidation state + 3.

We should obtain a diagram for each of the cris-

tallographic form of the hydroxide, but we shall calculate

the diagram only in the case of the amorphous aluminum tri-

hydroxlde.

We have several hydration equilibria :

Al(0H)jj => AlO^H" + HgO

Aicyig" - aio2" + h2o

A1(0H)5 = A102H + H20

A1(0H)2 - A10+ + HgO

and we- obtain the following results :

Al"1"5 + OH" = A10H+2 log k - - 9.08

Al+? + 20H" = A10+ + H20 log lc - - 16.08
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Al+? + 30H" - Al(OH), log k - - 31.66

Al+? + 40H" « Al(OH)4~ log lc - - 52.17

A10H+2 + OH" - A10+ + HgO log Jc - - 7.00

A10H+2 + 20H" » Al(OH)^ log k - - 22.53

A10H+2 + JOH" - A1(0H)4" log lc = - 2J.09

A10+ + 2H20 » AKOH)^ + H+ log lc - - 1 . 57

A10+ + 20H" - A102" + H20 log k - - 16.68

AKOH)^ + OH" - A1(0H4)" log lc - - 0.508

The corresponding solubility diagram (figure 10)

shows that there are only two possible series of equilibria :

stable Al+3 Al(0H).j ■ AlOg"

+, PH 5.96
metastable Al J . AlOg

Thus in further calculations we shall consider only

the following compounds : Al+^, A1(0H)^ and AlOg".

PH 3.45 pH 13.49

Aluminum hydrides

As in the case of magnesium we shall also consider

the hydrides : A1H, AlHg and AlHj.

In the series of the gaseous compounds : Al - AlH^,

determination of the standard Gibbs energy of formatior. with

Gibbs energy diagram gives :



iQ% (A1H2 g) - + 176 IcJ.mole-1

(A1H- g) » t 122 IcJ.mole"1

Independantly we have obtained ar. estimation of the

entropy of the gaseous trihydride by comparison with other
• (14 )

klXm compounds '. We assumed that.-; the molecular symmetry

is similar in these compounds and in aluminum. Indeed we ob

serve continuous variations of 3° according to the atomic

weight of the substltuant X, and by interpolation of the

curves representing S° (figure 11) and S° gas/S° solid (fi

gure 12) against the atomic weight of X we determined the

entropy of gaseous AlH^ :

S" (AlHj gas) - 170 i 2 J mole'1?:"1 ,

the standard entropic term ;

TaS£ - - 16 kJ.mole"1

and, with the selected value for a.H£ we obtained :

AG'tAlfLj gas) - 91 - 42 IcJ.mole"1

This value is compatible with the Glbbs energy

diagram determination and we shall use both values in the

calculations of the various equilibria in the series :

Al - A1H - All^ - AlHy

With metallic aluminum and the gaseous hydrides

we obtain :
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AG£ AlH3g(kJ mole"1) 122 + 91

E° (V vs NH2)

Al + H+ + e~ - A1H g - 2.596

Al + 2H+ + 2e" - A1H2 g - 0.912

Al + 3H+ + 3e" - AlH^ g - 0.414 - 0.314

A1H g ♦ H+ + e" - AlHg g " + 0. 572

A1H g + 2H+ + 2e" - AlHj g + 0.566 + 0.726

A1H2 g + H+ + e" - AlHj g + 0.560 + 0.381

and with th« A1H, « solid phase

Al + 3H+ + 3e_ - AlHj * E0 " " °-161 v vs >IHE

A1H g + 2H+ + 2e" - AlH-j a Eo " + 0,957 V vs ^

AlHg g + H+ + e" - AlHj a s0 " + 1«5*2 V vs NHE

These results show that the only species to oe con

sidered are AlHj a and Al, but, the oxidation of metal to Al

occurring at a potential more cathodic than - 0.16 V vs NHE,

there will be no thermodynamical stability domain for the

metal and the only thermodynamically stable compounds will be

AlHj « and Al+3.

The hydrolysis reaction of the trihydride :

+3

A1H, a. + 3H„0 - A1(0H), + 3H„

with a Oibbs energy

/\0° - - 472.5 leJ



shows that it will not exist in the bulk of the solution.

However, we can calculate the equilibrium chemical potential

of hydrogen for this reaction :

pH - + 157.5 kJ.mole-1

which corresponds to

Log P„ - 27.59
H2

and

1u = - 0.816 v
,H2

This value shows that the trihydride may occur at

the surface of the electrode and that its stability domain

could be observed provided that the HER overvoltage is higher

than :

t^jj > 816 mV

The HER overvoltage needed to observe the A1H, ct,
+■5 '

equilibrium with either Al ' or AlOp will be higher and will

reach 9I8 mV at pH 0 and 912 mV at pH 14.

In acid solutions we have the reaction :

Al+5 + 3H+ + 6e~ - AlHj 01 lE° = - O.918 V vs NHE

'dS/dpH = - 29.5 mV

and in alkaline solutions :

A102" + 7H+ + 6e" =• Alttj « + 2H20 J E° = - 0.68? V vs NHE

IdE/dpH - - 69.0 mV

A1(0H)5 + 6H+ + 6e" = AlH^ 4 + 3HpO J E° = - 0.816 V vs NHE

IdE/dpH « - 59.1 mV
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However the corresponding E - pH diagram (figure 13) does not

represent the experimental results (figure Ik), and other

compounds must be considered.

Tnese results have been obtained with an aluminum

electrode in contact with aqueous solutions containing alu

minum ions and potassium acetate ^5)< partial pressure of

oxygen was no more than 10 ppm. Aluminum has a purity of

99-999 % and the electrode was pretreated before each ex

periment by polarization at high cathodlc potential until a

stable current is observed. Then the electrode was left to

drift spontaneously towards stable rest potential. The o'o-

tention of these two steady states needed generally a long

time, a delay which can explain for a part the dispersion

of the results. The surface of the electrode is heavily

charged with -hydrogen and the pretreatment is assumed to have

removed the oxide layer. It was absolutely necessary for the

obtention of reproducible results.

The experimental curve can be divided in several

linear parts :

- between pH 0 and 3.5 we have line I with

dE/dpH - - 30 mV

and the rest potential at pH 0 :

E - - 0.620 V vs NHE.
o

We have also determined (figure 15) :

dE/dCA1+3 =■ + 28 i 2 mV
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- between pH 3-5 and 10, the results are dispersed In a

triangular area limited by several lines which are :

+ The continuation of line I between pH 3.5 and 6

+ Line II with dE/dpH - - 150 mV between pH 6 and 10

+ Line III with dE/dpH = - 120 raV between pH 3.5 and 10.

- above pH 10 we have numerous measurements and the numerical

analysis of the results (figure 16) shows that we have two

different lines :

+ Line IV between pH 10 and 13.5 with

dS/dpH - - 60 mV

+ Line V above pH 13.5 with

dS/dpH = - 70 mV

SxtraDolation of line V gives the rest potential of the

(14}aluminum electrode at oH 14 v ' :

Ej^ « - 1748.2 - 20.2 mV vs NHE

We observe that three of the pH values limiting

these several lines are close to the values calculated for

the solubility equilibria and we must have the following

results :

Equilibrium along line I involving kl*^

Equilibrium along lines II and V involving A102"

Equilibrium along line III Involving A1(0H)^
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Ionized hydrides and hydroxyhydrides

The shape of the experimental curve shows that the

compounds involved in acid and alkaline solutions must be

different, and several assumptions can be considered.

In alkaline solutions we may consider either the

trihydride in a physical state different from AlH^ «, or the

hydroxyhydrides, intermediate between AlHj and A1(0H)^ :

A1E-0H and A1H(0H)_, corresponding to the ionized hydrides :

+ +2
AlHg and AlH which may occur in acid solutions.

At low pH values, equilibria between A1H-, AlHg"1", AlH

and Al+^ have the same dE/dpH ■ - 29.5 mV and one of them may

+"5 +2 "
correspond to line I. However only Al VA1H shows the value

dS/dCAi+? » 29.5 mV

corresponding to the experimental value.

In the other pH ranges we can calculate dE/dpH for

the equilibria between the various compounds, and we obtain :

AlHj /AKOH)^ dE/dpH - - 59.I mV

A1H3 /A102" dE/dpH - - 69.1 mV

AlHgVAKOH)^ dE/dpH
-•- 73-9 mV

A1H2+/A102" dE/dpH - - 88.5 mV

AIH^/AICOH^ dE/dpH - - 118.2 mV

AlH+2/A102" dE/dpH - - 147.8 mV

These results show that the only possible ecuilibria which

+2
may correspond to lines II and III involve AlH ions, and

we shall assume that it is present in acid solutions at the

surface of the aluminum electrode.
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Thus the equilibrium along line I will be

A1H+2 - Al+5 + H+ + 2e"

and with the value of the rest potential at pH 0 we obtain

(A1H+2) = - 365.6 - 12.6 IcJ mole"1

+2
The other equilibria involving A1H will be :

A1(0H)5 + 4H+ + 2e~ = A1H+2 + JHgO !E° - - O.Jl} V vs NHE

IdE/dpH = - 118.2 mV

A10„~ + 5H+ + 2e" » A1H+2 + 2H_0 I E° = + 0.086 V vs NH2

IdE/dpH = - 147.8 mV

and we observe that they represent line II and III of the

experimental results.

The dispersion of the results inside the triangular

area between pH 3.5 and 10 could be due to non equilibrium

conditions, arising from the slow rate of dissolution of the

hydroxide, between A1(0H)^ and the aluminum and aluminate

ions in solutions.

In alicaline solutions we shall use E^ to calculate

the standard Gibbs energy of formation of the various com

pounds which might be assumed to be present :

- AIH(OH)^

The corresponding equilibrium would be :

A102" + 3H20 + 2e" - A1H(0H)2 + 30H~

dE/dpH - - 38.6 mV
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We obtain

aG£ (A1H(0H)2) - - 726.1 kJ mole"1

and the hydrolysis reaction

A1H(0H)2 + H20 - Al(OH)j + H2 ; n,G° = - 174.3 W

AIHgCH

The corresponding equilibrium would be :

A102" + 4H20 + 4e" - AliLOH + 50H"

d3/dpH - - 73.3 mV

We obtain

aG° (A1H20H) - - 311-5 kJ mole"1

and the hydrolysis reaction

A1H20H + 21^0 » A1(0H)3 + 21^ ; - - 352.7 fcJ

Allij electrochemical

The corresponding equilibrium would be :

A102" + 51^0 + 6e~ = A1H, + 70H"

dE/dpH - - 69.0 mV

We obtain

(AlEj electr#) - 103.8 t 11.7 kJ mole'1

and the hydrolysis reaction

A1H? + 3H20 - A1(0H)5 + 3H2 ; ^G0 - - 526.3 kJ
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We observe that this value is very close to aG£ (AlH^ g)

and we might assume that there is at the surface of the

electrode a thin layer of AlH^ in a gas lilce or monomer form.

The Gibbs energy for the hydrolysis reactions of

these compounds show that they could be stable only at the

surface of electrode and they must be considered surface

compounds. We note that the Gibes energy of formation cal

culated for the three compounds constitute a series from

A1H- e]_aCt;r fc0 A1H(0H)2 and the corresponding extrapolated

value for the hydroxide A1(0H), in the surface state would

-1 *
be - 1141 icj mole , a value which is intermediate between

those selected for Gibbsite and amorphous Al(OH)y

If .we consider the same homology compounds in the

crystalline state from Gibbsite to A1H, «, we obtain Gibbs

energy for the intermediate compounds

M}' A1H„0H „ - - 35* VcJ mole'1
I c C

\Q1 A1H(0H)2 c - - 75^.5 W mole'1

which indicate that they must be relatively stable in dry,

oxygen free environment.

We shall calculate the E- pH diagram in each case.

1 - A1H(CH)2

We obtain the following equilibria :

Al(OH)j + H20 + 2e" - A1H(0H)2 + 20H" J E° - - 1.732 V vs NHE

IdE/dpH - - 59.1 mV

A1H(0H)2 - A1H+2 + 20H" Log k « - 3.C8
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The corresponding 2 - pH diagram (figure 17) matches

closely the experimental results except between pH 10 and 13.5.

2 - AIHgOH

We obtain the following equilibria

Al(OH)5+2HgO + 4«"- AlHg0H+40H" ! 2° - - 1.740 V vs NHE

IdE/dpH - - 59.1 mV

A1H+2 + H20 +2e"- AIHgOH lE° « - 1.510 V vs NHE

IdE/dpH - 0

we observe a relatively good correlation between the experi

mental results and the corresponding E - pH diagram (figure 18),

although between pH 10 and 13. 5 dE/dpH is slightly different.

3 - AlEj electrochemical

We obtain the following equilibria

A1(0H)5 +3H20 +6e" - AlH5electr + 60H" jE° - - 1.7*4 V vs NHE

IdE/dpH « - 59.1 mV

A1H+2 ♦ 2K+ ♦ He' = AlHj electr# I E° - - 1.216 V vs NHE

IdE/dpH - - 29.5 mV

and the corresponding E - pH diagram (figure 19)which matches

exactly the experimental results.

We can calculate the following equilibria between

the three compounds, assuming, as noted above, that they form

an homologous series and have the Gibbs energies calculated

above :
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A1H(0H)„ + H„0 + 2e"- A1H_0H + 20H" IE0-- 1.7^7 V vs NHE

d. . 2 * I

IdE/dpH - - 59-1 mV

A1H(0H)2 +2H20 + 4e" = AlH5electr + 40H~ IE0 1.7^9 V vs NHE

idE/dpH » - 59.1 mV

A1H,0H + H,0 + 2e"-AlH,„,(,„,.„ + 20H" I S° - - 1.751 V vs NHE

2 2 jelectr. I

'dE/dpH = - 59.1 mV

Me observe that the experimental results in the pH

range 10-13.5 are not precise enough, as can be seen on

figure 16, to discrerainate between the three compounds, but

the hydroxyhydrides would have only a very small domain of

stability (figure 20), and the gas like monomer AlH^ ej_ectr

will be more likely the compound involved in the experimental

equilibria in alkaline solutions

We must however consider also the equilibria with

the trihydride AlHj « :

A1H+2 + 2H+ + He" - A1H, t% I E° - - 1.068 V vs NHE

IdE/dpH - - 29-5 mV

A1(0H)? + 6H+ + 6e" = A1H? a + JHgO I E° - - 0.816 V vs NHE

idE/dpH - - 59.1 mV

A10 " + 7H+ + 6e" - A1H, a +, 2Ho0 ' E° 0.683 V vs NHE
2 3 "2 |

IdE/dpH * - 69.0 mV

A1H(0H)2+ 4H+ + He' - AlHj « + 2H20 J E° 0.773 V vs NHE

1 dE/dpH = - 59.1 mV

AlHo0H + 2H+ + 2e~ - A1H, * + H„0 I E° 0.626 V vs NHE
2 2 2 |

IdE/dpH = - 59.1 mV
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The corresponding diagram (figure 21} shows that

AlHj a is more stable than all three other compounds and

would normally be found at the more cathcdic potentials.

However, formation of this polymeric form cannot be obtained

in contact with aqueous solutions, since it would require a

build up of the film at the surface of the electrode which

cannot be achieved, and the other compounds may be present

at the surface of the electrode.

Starting from these compounds and A1H+C, we can

calculate standard Sibba energy for the other three valent

aluminum surface compounds (figure 22). The ionic species

must be considered in an adsorbed state and we obtain :

&0° Al*^g » - 600.3 VcJ mole"1

which indicates that the aluminum ion will have a high ten-

dancy to adsorb at the surface of the aluminum electrode.

With the value obtained for AlHg"1", we can calculate

the following equilibria :

A1H + H+ + 2e" =. AlHg*

A1H2+ + H+ + 2e"

AlHg* + OH"

A1H(CH)2 + 3H+ + 2e~

A1(0H), + 5H+ + 4e~

* A1H3 electr.

- AIHgOH

- AlHg"1" + 2HgO

= A1H0+ + JH20

'2° - - 1.216 V vs NHE

I

'dE/dpH - - 29.5 mV

!E° = - 1.216 V vs NKS

I

'dS/dpH - - 29.5 inV

Log k - 4.06

J 2° = - 0.626 V vs NH2

IdE/dpH - - 88.6 mV

lE° »= * 0.764 V vs NKS

I

IdE/dpH = - 73-9 nV
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A10„~ + 6H+ + 4e~ =• A1H_ + + 2Ho0 'E° « - 0.565 V vs NHS
c cL 2 j

IdE/dpH » - 88.6 mV

They bring no modification to the 2 -pH diagram and, as we

expected, AlrL,"*" has no thermodynamical stability domain.

It would have been very interesting to know also

the standard Jibbs energy for the adsorbed Al+ ion, but un

fortunately we have no data for non three valent adsorbed'

compounds. However we can assume that, as &G° for the surface

state of the trihydride is close to that of the gas state,

it would happen the same for the other hydrides, and the

corresponding aG° for the surface state of aluminum, Al° ^ ,

would be endothermic and close to the standard Gibbs energy

of the gas. In this case ^3° Al*ds would almost certainly be

lower than the limit value necessary to observe a stability

domain for Al . However, if we assume that the electrochemical

reaction of aluminum occurs in the surface state, we shall

have the anodic oxidation :

H1surf MAads

and the Al*ds ion may be an intermediate since we should have

the relation

^A1surf/A1ads' -2'(A1ads/A1a"ds>

whatever the value of the standard Gibbs energy of Ai°„rf.

calculated above.

Further oxidation of the Al*dg ion either by direct

oxidation

A1ads - A1ads + 2e"

or acidoiyse

A1ads + 2H+ - A1+? + h"2
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will explain the electrochemical behaviour of the aluminum

electrode and low apparent valency.

In the cathodic reaction we shall have :

'""surf xn5 electr

+2
which will be oxidized to A1H through direct reaction, as

described above, or inverse disproportionation reactions such

as :

A1H? + 2A1+5 - JA1H+2

+ Al+5 -( 2A1H? + Al+3 - JAlHg*

( A1H* + Al+5 - 2A1H+2

We must note that these reactions should become

equilibrium when Al*^g is involved instead of free Al+^ ion.

We have seen above that the equilibrium

A1H+2 + H+ - + H2

can be obtained with

^ - XX9.4 W mole"1

or

tjj^ - - 0.620 V

but if we consider the adsorbed ion Al*-? instead of aluminum
, ads

ion in solution, Al g^, the equilibrium will be obtained with

KHg * 25*'7 ^ ^o13"1

or

^2

«J « - 1.216 V



+2
which corresponds to the same potential as the A1H /A1H3e]_ectr.

•cuilibrium.

In acid solutions we can compare these results and

the E - pH diagram with the results obtained for 2-2 curves.

Indeed we have observed in sulphuric acid solutions » 7 M

saturated with aluminum sulphate ^ ' two potential peaks

close to - 0.70, - 0.75 and - 1.15, - 1-25 V vs NKE (figure 23)

For these potentials the cathodic current corresponds mostly

to the HER and we can assume that the changes observed in.

exchange current and overvoltage will be related to changes

in the surface properties of the electrode.

These two values can be correlated with the standard

potential E° for ecuilibira between Al*'. and A1H+2 for the
+-i SOI 2 +2

first value, and between either Ala£s and A1H or AiH and

AlHj eiectr "or the second- ?lie slight differences between

the experimental results and the calculated E - pH diagram

could be due to the high concentration of the solutions for

which the theories of dilute electrolyte solutions cannot be

used. Thus we can assume that, for these two potentials we

observe successively, the formation of the surface compounds

A1H+2 and A1H? ,lectp.

Ecuillbrla with gg

As in the case of magnesium, Hg gas is evolved at

the electrode during the anodic dissolution and we can look at

the modifications Induced by its presence.

Calculations show that the equilibrium potentials

are shifted towards more cathodic values but without change

in the nature of the compounds which have thermodynamical

stability domain, thus hydrogen does not modify the possible

intermediate species which might be present during the anodic

dissolution of aluminum.
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CCKCLySICN

The theoretical study of the thermodynamics of the

magnesium and aluminum compounds, particularly of the sub-

valent ions and hydrides, allows to determine, by comparison

with the experimental measurements of the rest potentials in

aqueous solutions, which compounds are most probably involved

in the equilibria at the surface of the electrode, but does

r.ot give definitive conclusions about those which may be in

termediate species in the reactions occurring on the electrode

surface, particularly during anodic dissolution. However we

can select several possible intermediates.

3eside the usual compounds, which occur in the bulk

of the solution and in the gaseous or crystalline states, we

must consider surface compounds, either ionic or molecular,

which would be hydrolized in the solution but may exist at

the surface of the electrode in an adsorbed, gas like monomer

or amorphous state. This would be the case for hydrides,

ionized hydrides and hydroxyhydrides as well as subvaient

metal compounds, either ions or hydroxides.

We also need tc consider that the atoms at the sur

face of the metal electrode might be assumed to constitute a

limiting phase, the properties of which are closer to those

of the gas than to the metal.

This study shows also that the possible Intermediate

species in the electrochemical reactions occurring at the sur

face of the electrode do not have necessarily a thermodynamical

stability domain, particularly surface compounds ; several of

the laters are probably involved in the anodic oxidation of the

magnesium and aluminum electrodes.

In the case of magnesium, we can explain the values

of the rest potentials in neutral solutions by the forr.?.tion

of a dihydride layer at the surface of the electrode, while
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in acid solutions, the HSR overvoltage is too low to allow

Such formation and we observe a mixed potential between

magnesium dissolution and hydrogen evolution. However in

this case, due to the presence of hydrogen on the surface

of the alec trade, the monovalent magnesium ion is lilcely to

exist as an intermediate in the anodic metal dissolution.

Explanation of the aluminum electrode rest poten

tials necessitates the introduction of two different compounds.

In acid solutions, the probable species will be the ionized

hydride A1H while in alkaline solutions the experimental

results do not allow to discreminate between several possible

compounds, which are the hydroxyhydrides A1H(0H)2 and AlE^CH

and the surface state of the trihydride, A1H, . ,. , although

the later will be the stable compounds at the most cathodic

potentials. However we have shown that surface or adsorbed

subvalent compounds could be formed at the surface of the

electrode during the anodic dissolution.

The mechanisms involving the formation of subvalent

aluminum diffusing through a surface oxide layer has not been

considered since this is a quite different problem the dis

cussion of which would require the introduction of the thermo

dynamics of electronic defects in oxides.

At last we think that several other metals, such

as Beryllium, should be relevant of the same analysis leading

to explanation of the phenomena occurring at the surface of

the electrode.
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FIGURES

1. Three dimensions M, 0, H diagram for a three valent metal.

2. E - pH diagram for the magnesium water system, without

consideration of the hydrides.

2. E -pH diagram for the magnesium water system, with

consideration of the monohydride MgH.

Cxido-reduction stability diagram at pH 0 for the

+ +2
r.agnesium compounds : MgHgj MgH, Mg, Mg , Mg .

5. E -pH diagram for the magnesium water system with

consideration of the hydrides MgH and MgHg [from ^'"1.

6. Experimental E - pH diagram for the magnesium water system

in acecate solutions [from v

7. E - pH diagram for the magnesium water system with hydrogen

[from ^6)1.

3. Aluminum ions oxldo-reduction stability diagram with

!3£ Al+ value given by MARKCVIC

9. Aluminum ions oxido-reduction stability diagram with

*3j. Ai+ value calculated from

1Z. Aluminum trihydroxide solubility diagram.

11. Entropy of AiX^ and A1X compounds against atomic weight

of X.

12. Variations of 3 " gas/S" solid for AIX^ compounds with

atomic weight of X.
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13. 2 - pH diagram for the aluminum water system with

presence of the hydrides .

14. Experimental E - pH diagram for the aluminum water system

r modified from ^l5H .

15. Variations of the rest potential of the aluminum elec

trode In aqueous solutions with pH and CA1+3 Tfrom * ^'1 .

16. Experimental E - pH diagram for the aluminum water system

for pH above 1C.

17. E - pH diagram for the aluminum water system with the

presence of A1H+2 and A1H(0H)2.

13. E - pH diagram for the aluminum water system with the

presence of A1H+<1 and AIHgOH.

19. E - pH diagram for the aluminum water system with the

+2
presence of A1H and AlH^ eiectr •

20. Stability and E - pH diagrams for the hydroxyhydrides in

pH range 10 - 1J.5.

21. E - pH diagram for the aluminum water system with the

presence of MR** and A1H, «

22. Standard Gibbs energy for the three valent aluminum

compounds .

23. j - E curve on Al electrode in HgSO^, d - 1.41 g.cm"^,

A12(S04)5 sat. Tfrom (l6)l .
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During the last ten years a number of new techniques

have been developed to assist in studying the

electrochemistry and corrosion of metals. Many of these

have allowed a greated understanding of the interface

between the metal (or metal oxide) and the solution in

which it is placed, relying on an overall view of the

reacting metal surface. Electron microscopy however, is

able to give an insight into the micro-reactions going on

at the metal surface due to imperfections or included

particles and this technique is now being applied to study metal

electrochemistry and corrosion. Analytical techniques

allied with electron microscopy have also been developed to

allow accurate non-destructive analysis of small volumes of

* Contributed paper at the Workshop on Electrochemistry of High Energy Density

Light Metals in Aqueous Solutions, Sept. 1-3, 1982, Belgrade, Yugoslavia
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material most commonly by the use of X-ray Energy Dispersive

Analysis ( l) . Analysis of the surface 2-3 atom layers of

substances can now be carried out with X-ray photoelectron

spectroscopy (XPS) or ESCA which gives an indication of the

chemical state of the atoms at the surface ( l< 3' -

This paper will give examples of ways in which these

techniques have been applied to studies of the

electrochemical and corrosion behaviour in two cases.

1. The Pitting Behaviour of IS Aluminium Alloy

IS aluminium alloy (99.5% Al) contains iron and silicon

as its major impurities and these combine with aluminium

during the casting operation to produce FeAl3 and aAl-Fe-Si,

both of which appear in the alloy as second-phase particles.

In order to view the particles in a matrix of aluminium,

and observe the way in which they influence the acid etching

behaviour of the metal, scanning electron microscopy (SEM)

was employed. Two imaging modes were used, and these are

illustrated in Figure 1 on a IS sample containing larger

segregates of FeAl3 which has been etched in 2% HC1 by the

application of a potential more anodic than the "pitting"

potential. The first mode, secondary electron imaging (SEI)

makes use of electrons ejected from the material by

collisions with the primary electron beam of the microscope.

Topographical detail is shown up in this mode.

Backscattered electron imaging (BEI) , however, which

operates from the scattered primary beam of electrons is

sensitive to the atomic numbers of the particular elements

being observed as the scattering centres are the atomic
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nuclei present in the material. The image thus shows

contrast between the aluminium matrix and FeAl3. The

micrographs were taken using an ISI 130 scanning electron

microscope and a Robinson scintillator-type backscattered

detector which enables backscattered images to be built up

at TV scanning rates. This is a relatively new type of

detector .

Figure 2 shows the different behaviour of FeAl 3 and

ot-Al-Fe-Si during etching in 2% HC1, The pitting reaction

is seen to occur predominantly around the FeAl 3 particles

but away from a-Al-Fe-Si suggesting that FeAl 3 is a much

more efficient cathode. The relation concentrations of iron

in the two phases are 69% for FeAl 3 and 56% for a-Al-Fe-Si,

this would suggest that FeAl 3 should be the stronger cathode

of the two. An interesting observation has been made using

SEM in this system and this occurs when 3% acetic acid is

added to the 2% HC1, In this case, the induction time for

pitting is reduced by an order of magnitude for both IS with

FeAl 3 and IS with ot-Al-Fe-Si and the pits form primarily

around the particles in both cases- Perhaps the acetic acid

interacts with the oxide film above the particles to cause

this change in the reaction, particularly regarding

cr-Al-FE-Si,

2, The Reaction of Al-Mg and Al-Zn-Mg Alloys

with Water Vapour Saturated Air (WVSA)

The reaction of Al 5% Mg and Al 4>s% Zn 1*5% Mg, both of

super-pure base, was studied using transmission electron

microscopy (conventional (CTEM) and scanning (STFJM) ) , A

JEQL Temscan 100C was employed for this work, and this



allowed rapid switching between the three modes. The alloys

were rolled to 0.5 mm then solution heat treated at 450°C

for 30 minutes and cold water quenched. Electropolished

thin Coils were prepared from 3 mm diameter discs of the

materials and these were placed in a humidity chamber at

70°C and 100% R.H. After ten minutes reaction the foils

were placed in the electron microscope and Figure 3 shows

one surface reaction site in three viewing modes: SEM, CTEM

and STEM. The reaction sites are typical to those seen when

pure aluminium reacts with water vapour (4) and are formed

by the penetration of water or ions through the film.

The subsequent build up of hydrogen gas beneath the film

produced by the reaction of these species with the metal

causes a blister of oxide to form which ruptures after a

critical gas pressure has been achieved. This process is

diagramatically shown in Figure 4, which also shows the

formation of a more crystalline aluminium hydroxide,

bayerite, inside the blister. Although the morphology of

these reaction sites on Al-Zn-Mg is similar to that on pure

aluminium, an important difference is that the reaction

sites are much more specific in their location, and form

preferentially at grain boundary/surface interactions.

Using SEN, the reaction sites can clearly be seen, and a

switch to STEM reveals whether they are directly above grain

boundary/surface intersections. Alternatively, the grain

boundaries can be located using STEM, and a switch to SEM

shows whether there are any reaction sites above the
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boundary on the surface of the foil.

Using this method it was found that there are ways in

which the preferential reactivities of the grain boundaries

to water vapour can be reduced. One of these is to alter

the solution heat treatment temperature and another is to

add small quantities of other metals to a pure base

alloy (5). Figure 5 shows the effect of solution heat

treating Al 5% Mg at 350°C and 550°C before cold water

quenching and reacting with water vapour. In the former

case there is strong preferential boundary attack, although

STEM viewing shows that not all the boundaries have suffered

this. For a 550°C solution heat treatment there are very

few boundaries attacked.

Another way in which grain boundary reactivity with

water vapour can be altered is by adding small quantities of

other metals to the aluminium and Table 1 shows the effect

of adding iron, chromium, nickel and copper to Al 4Jj% Zn 1*5%

Mg on its grain boundary reactivity to water vapour at 70°C.

In particular the addition of iron and nickel significantly

reduces the grain boundary reactivity.

These observations suggest that the grain boundaries of

Al-Mg and Al-Zn-Mg alloys can have a different chemical

composition from the matrix and if they do, the corrosion

reaction with water is preferentially sited at the

intersections of those boundaries with the surface. In the

Al-Zn-Mg alloys, the precipitation of Mg-Zn2 intermetallic

particles at the grain boundaries during quenching could



cause these effects, however as the quenching is rapid very

few would be likely to form. Also the effect is also seen

in Al-Mg alloys where there is no likelihood of grain

boundary precipitates forming under these conditions.

It was decided to use ESCA to try and ascertain what

differences in composition existed between the boundaries of

these alloys and the matrix. Hie requirement in order to

carry out these analyses would be a large area of grain

boundary presented to the impinging X-ray beam. TVie method

of arranging this was to use commercial Al 5.2% Zn 2% Mg

0.13% Cu plate which was rolled to give grains of very long

dimensions in the rolling direction, and a "pancake type"

morphology. The grains were separated by causing liquid

metal embrittlement of the alloy by applying gallium to the

surface of samples measuring 10 mm x 10 iran x 50 mm and

keeping the material at 50°C for 40 hours. After this time,

a small load applied across the specimens resulted in

intergranular failure, and they were rapidly transferred to

the ESCA analyser which was a Vacuum Generators Ltd. ESCA 3.

Specimens were tested which had been solution heat

treated at 400°C and compared with those which had been

solution treated at 510°C. Both were quenched in liquid

nitrogen to avoid the formation of Mg-Zn2 along the

boundaries.

Figure 6 shows typical XPS spectra of as-fractured

specimens quenched from 400°C and 510°C. The peaks



correspond to 0 (Is) Mg (Auger KLL), C (Is) (carbon

contamination on the surface) , Al (2s and 2p) and Mg (2s and

2p).

Hie Al (2p) peak is of particular interest as its

position depends on whether it is derived from aluminium

metal (Al°) or aluminium in the oxide (Al **") . Two peaks can

result if both metal and oxide are present, and by argon-ion

etching the surface away before subsequent analysis of the

remaining surface, a point is reached where the Al (2p)

peaks for metal and oxide are of equal height (or, more

correctly area) - It is this point which is taken to be the

oxide-metal interface. The argon ion etching rate was 12 A

per minute. Normalised peak heights for the elements

present were plotted against ion etching time and Figure 7

show this for the quenched alloys. For the alloy quenched

from 400°C, Figure 7 (a) ) indicates that the magnesium

level, after an initial increase, decreases with ion-etching

time. This initial increase in the magnesium is coincident

with a decrease in the carbon contamination level. The

height of the Al3*' (2p) and Al° (2p) are approximately the

same after 2 minutes etching indicating an oxide thickness

of about 50 A. The level of zinc is initially low and

increases to a constant level after about 10 minutes

etching. The differences in profile shape between the

magnesium and zinc could suggest that the spectra are not

derived from Hg-Zn2 to a significant extent, and probably



show the result of magnesium segregation at the grain

boundary. Comparing these results with Figure 7 (b)

which shows a similar analysis of the alloy reacted with

water vapour after quenching from 510°C the magnesium

profile here shows no increase in the surface region.

This would suggest a lack of segregation in this case.

Although the results show that magnesium segregation

occurs to the boundary after quenching from 400°C in these

alloys the results do not indicate the exact shape of the

grain boundary profile with respect to the elements analysed

for the following two reasons. Firstly the surface is

oxidised and secondly during ion beam profiling, interfaces

will become effectively broadened thus increasing the

segregation profile. Nevertheless because of the broad

profile measured it is unlikely that the results can be

explained by equilibrium segregation in which solute

segregation occurs in order to lower the surface energy of

the grain boundary and the observed segregation would only

extend over a few atomic layers. Qualitatively the

explanation presented here is similar to that discussed by

Aust et al ( 6) and is a consequence of the existence of

mobile vacancy-solute complexes. The segregation is then a

function of the equilibrium concentration of vacancies,

solute atoms and complexes. During a quench and subsequent

holding at the quench temperature, vacancy gradients will

develop around vacancy sinks as the sample attempts to

achieve the new equilibrium vacancy concentration. As the



quenched-in vacancies migrate towards sinks during quenching

they drag solute atoms towards these sinks- A prerequisite

of this type of segregation is that vacancy-solute binding

energies are positive and that the solute atoms are mobile.

An analysis by Kosuge ( ^ suggests that the boundary

segregation, using this model, would be several hundred

angstroms wide and qualitatively in agreement with the

present results- However, a feature of this model is that

the amount of solute segregation would be expected to

increase as the solution heat treatment temperature prior bo

the quench increases since the number of vacancies in

equilibrium increases with increasing temperature- This

expected increased solute segregation is contrary to the

results from the SEM/STEM work shown previously and the

present ESCA work all of which suggests that the segregation

of magnesium to the grain boundary decreases with increasing

solution heat treatment temperature. Clearly a simple

vacancy-solute drag model, based on the equilibrium number

of vacancies, cannot account for these observations. A

possible explanation might be that at the higher temperature

of the quench, vacancies may interact to form vacancy

clusters and these vacancies become effectively annihilate!

and cannot therefore transport solute atoms to grain

boundaries. This mechanism could also explain the observed

variation is reactivities of boundaries when insoluble

metals are added to aluminium in small quantities (e.g. Fe

and Ni) , The insoluble particles would act as alternative



sites for vacancies and their associated magnesitm atoms,

thus reducing the degree of magnesium segregation at the

boundaries.

Although the explanation for the observed segregation

(decreasing with increasing solution heat treatment

temperature prior to the quench) is unclear, the presence of

excess magnesium at the grain boundaries is believed to be

of importance in the stress corrosion cracking of Al-Zn-Mg

alloys. Work by Viswanadham et al W using Auger electron

spectroscopy has shown that free magnesium is present along

grain boundaries under all heat treatment conditions and

they propose that hydrogen embrittlement in these alloys is

related to the formation of a Mg-H complex at the

boundaries.



TABLE 1

Grain Boundary Reactivity in Water Vapour Saturated Air at 70°C

Alloy % of Grain Boundaries Attacked

Al #3% Zn Mg

Al 5% Mg

Al 4Jj% Zn 1%% Mg + 0.11% Fe

Al 4Jj% Zn lh% Mg + 0.11% Fe + 0.1% Cr

Al *j% Zn Us% Mg + 0.05% Ni

Al 4ij% Zn lJs% Mg + 0.04% Cu

95

95

10

90

50

80
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Figure 1. Scanning electron micrographs of Fe-Al^ in a matrix of

alvminiixn elegtrolytically etched in 2% HC1. Secondary electron imaging

and back-scattering electron imaging is shown.
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In our laboratory the behaviour of magnesium and aluminium elec

trodes in aqueous alkaline electrolytes was studied /1,2/. Both

these light metals could be used as attractive anode materials

in electrochemical power sources because of their negative elec

trode potentials, high specific capacitances, and low manufac

turing costs. The use of magnesium and aluminium in metal/air

cells with an aqueous alkaline electrolyte would be especially

economical, because this would enable use to be made of low-

cost air electrodes which were free from rare metals.

But there are some well-known difficulties with this type of

cell, caused by the specific chemical properties of magnesium

and aluminium. The main problems in using both these metals as

anodes are corrosion and passivation /1-6/. Corrosion and passi

vation cause other effects, e.g.:

- The electrode potential measured has a value that is more po

sitive than the standard electrode potential calculated on the

base of theory /7-9/.

- The development of hydrogen, occuring at the electrode both

without and during anodic loading in connection with a nega

tive and positive difference effect on magnesium and alumini

um respectively, lowers the anode efficiency and makes the use

of these metals in sealed galvanic cells more difficult.

- Another disadvantage in the case of magnesium is the delayed

action appearing at the start of the discharge of magnesium

batteries /7, 10/.

* Contributed paper at the Workshop on Electrochemistry of High Energy Density

Light Metals in Aqueous Solutions, Sept. 1-3, 1982, Belgrade, Yugoslavia
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As a result of this behaviour the practical use of magnesium and

aluminium in electrochemical power sources is restricted.

The pH-potential diagrams for magnesium and aluminium in com

parison with that for zinc illustrate the attitude of these me

tals to aqueous solutions of different pH values. Pigure 1

shows the theoretical data calculated by POUEBAIX and the

practical corrosion potentials of pure magnesium (99*8%), alumi

nium (99.9%), and zinc (99.99%) measured by RACLOT /12/, as well

 

Figure 1. Theoretical and practical pH-potential diagrams re

spectively of magneaium, aluminium, and zinc

as those of aluminium of high purity (99.99%) measured by KATOH

/13/. The capacity of magnesium and aluminium in batteries with

acid or neutral electrolytes is impaired by either the corro

sion shrinkage or insoluble and voluminous reaction products.

In alkaline electrolytes the oxide layer on aluminium dissolves

to a complex solution, and its potential becomes more negative

S 242



 

as the pH value risea. On the other hand, magnesium becomes

passive in alkalines, and its potential grows more positive

with pH. At the pH value of 14 the potential of magnesium is

about 2 volts higher than that of aluminium. The solution of the

passive magnesium takes place by a pitting mechanism only /3-5/«

Consequently, to find a good working electrode system with high

anode efficiency and sufficiently negative potential it is ne

cessary to activate the passive metal (Mg) and/or to inhibit the

metal corrosion (Al, Mg) . There are, without taking the varia

tion of the electrode potential into account, two main ways of

doing this; these are

- the variation of the composition of the metal phase by alloy

ing, and

- the variation of the composition of the electrolyte phase by

addition of activating agents and/or inhibitors.

Aluminium anode

In aqueous alkaline solution, aluminium holds according to the

reaction

Al + 4 0H"V*A1(0H)~ + 3 e~ (1)

the calculated standard electrode potential of Ug(1)=-2.33 V

/2/. The direct experimental determination of this potential is

almost impossible because of the corrosion of aluminium, in

which hydrogen is formed according to the reaction

3 HgO + 3 e"?f=^3 OH" + \ Hg (2)

and has a standard electrode potential of UH(2)=-0.83 V. Both

these reactions, occuring side by side in oxygen-free alkaline

solution, are the anodic and cathodic partial process of the

corrosion reaction

Al + OH" + 3 E^Oij^AlCOH)^ + \ Hg. (3)

Therefore, the potential of corroding aluminium is a mixed elec

trode potential of U^(3)=-1 .50 V.

The mechanism of the anodic solution of aluminium is supposed in

accordance with the following reactions /2, 14, 15/:
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Al + 3 0H~^=-*A1(0H)3 + 3 e", (4)

A1(CB)3 + QH~^=^A1(0H)~. (5)

The stage determining the rate is probably reaction (5) » because

an anodic reaction limiting current density was pointed out /16/.

On the other hand, some authors see a possibility of the existen

ce of monovalent aluminium ions /17-22/ which give rise to a so

metimes established reducing action of the electrolyte. STRAU-

MANIS 15, 23/ interprets this reducing action as an anodic

disintegration of aluminium to very small particles which form

nascent hydrogen in accordance with the reaction

Al + 3 HgO—*A1(CH)3 + 3 H. (6)

It is rather likely that, in the course of the solution of

amalgamated aluminium, monovalent aluminium species appear.

Since in the aluminium-mercury system no compounds exist, the

first step of the solution mechanism /2/ can be the reaction

Al + x Hg ^Al(Hg)x (7:

followed by the aluminium diffusion to the metal/electrolyte

phase boundary and formation of adsorbed aluminium atoms:

Al(Hg)x—fcAlad + x Hg. (8)

The further steps are probably:

Alfld + H20—»A10Had + H+ + e" (slow) (9)

A10Had—»A10H+d + e" (fast) (10)

A10H+d-*«A10H^J + e~ (fast) (11)

After desorption of A10H2+ species and their hydration aluminate

is formed according to the reaction

A10H2+ + 3 0H~«—»»A1(0H)^. (12)

This reaction does not occur directly on the electrode surface

because there must be an QB~ ion-dependent limiting current

which could not be detected below current densities of about
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500 mA/cm in 1 M KOH. The standard potential of the amalgamated

aluminium ulectrode in alkaline sol ution is calculated to

uj}—2.06V.

All alkaline-electrolyte aluminium power cells have only a very

short service life aa a result of the violent corrosion of alu

minium. Therefore they are mainly used as reserve batteries.

This field of application is advantageous because of the posi

tive difference effect on aluminium; it means that the corrosion

intensity decreases with increasing anodic loading. This effect

is the normal consequence of electrode potential shift in posi

tive direction, caused by increasing anodic current density,

which retards the cathodic partial reaction co-determining the

corrosion rate /23-25/« The practical anode efficiency is 60 to

90%.

The corrosion rate of aluminium also depends on type and propor

tion of alloying elements. In alkalines the following alloying

metals in aluminium are /2, 26-31/:

- corrosion promoting: Fe, Pt, Cu, Co, Ni, Ag, Na, Si, Ti, Hg;

- varying: Cd, Ca, Hg;

- corrosion inhibiting: Mg, Sn, Zn, Pb, Sb, Bi, Hg.

The corrosion rate is increased most by metals with high hydro

gen overpotential. Mercury has a remarkable influence on the

aluminium corrosion in alkaline solution: it raises or lowers

the corrosion rate, if the electrode surface is not completely

amalgamated. On utterly amalgamated aluminium the corrosion rate

is decreased by the high hydrogen overpotential on mercury

in the rate-deter

mining cathodic partial process. The gas-volumetrically deter

mined initial corrosion rates of pure aluminium (99^98%) as well

as completely and incompletely amalgamated aluminium in potas

sium hydroxide solution of different concentrations are shown

in table 1.
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Table 1. Initial corrosion rates of aluminium in potassium

hydroxide solutions in mg/cm d

aluminium (99-98%) KOH concentration in mol/1

•1 3 6 9

pure 88 180 380 350

completely amalgamated 7

(with protection number) (92%)

11

(9^%)

32

(92%)

50

(86%)

incompletely amalgamated 10... 130 15. ..230 50... 600

The potentiodynamic current density-potential curves of rotating

aluminium disk electrodes (purity 99*998%) in 1M KOH solution

are shown in figure 2. The corrosion potential of amalgamated

 

Figure 2. Potentiodynamic current density-potential curves of

rotating aluminium disk electrodes in 1M KOH + 0.05M KAl(OH),,

solution (0.833 mV/s; 1500 mivT1 ; 25°C) 4

1 pure Al(99.998%)

2 amalgamated Al

3 incompletely amalgamated Al

aluminium is more negative than that of the pure metal. The in

creasing hydrogen overvoltage results in the decreasing poten

tial of the multiple electrode. However, the lowering of the

corrosion rate is caused not only by cathodic inhibition, but

also by an inhibition of the anodic reaction. The straigth line

in the anodic branch of the curve for the amalgamated electrode

points to a rate-determining charge transfer step and an ano

ther solution mechanism than that of pure aluminium. In the case
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of incompletely amalgamated electrodes the potential values

stray in the range of about 200 mV.

A corrosion protection number of about 90% (see table 1) is

quite insufficient for the use of an amalgamated aluminium

electrode in a dry cell with long storage life. Therefore it is

necessary to find a corrosion inhibitor which puts down the

cathodic partial process without a noticeable rise in anodic

polarisation. This means that the inhibitor has to increase the

hydrogen overvoltage only some more.

On this understanding the best inhibitor is a stannate additive

which causes a cementation of tin on the amalgam layer /2/. The

potentiodynamic current density-potential curves of rotating

amalgamated aluminium disk electrodes in 3M KGH solution with

and without 0.05M stannate additive are shown in figure 3»

<

•^10

0,1

1 1 1 rrr—i r—i—i—i—i—i—

• 3^ \,

3

\ // \

11/ \

VI

ill
in i

uU

-

i—i—i—i—i—

-2,0 -1,8 -1,6 -1,4 -1,2 -1J0

Figure 3» Potentiodynamic current density-potential curves of

rotating amalgamated aluminium disk electrodes in 3M KQH +

0.15M KA1(0H)4(0.833 mV/s; 1500 min ; 25°C)

1 without additives

2 + 0.051 K2Sn(0H)6

3 without aSditives; Sn-Hg-Al electrode

As a result of tin cementation the corrosion potential is shif

ted to more negative values, and the anodic polarisation of the

amalgamated electrode decreases. That the metallic tin is the

main influence on corrosion protection is shown by the rather

identical curves of the tin-containing amalgam electrode in both

stannate-free and stannate-containing electrolytes.
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But the point is that the corrosion rate is considerably lowe

red. The protection number of a tin-containing amalgam layer on

aluminium in 6M KCH with 0.1M K^Sn(CH)6 is 99.6 to 99.8 %.

Accordingly, it seemsto be possible to construct an aluminium

dry cell with an adequate storage life of several months. A la

boratory model of a complete power cell with a tin-containing

p

amalgam layer aluminium anode (18 cm ) and a carbon/nickel grid/

teflon air cathode (20 cm2) both in a 6M KCH and 0.1M E^n(0H>6

^o'.'r^Tts showed the following characteristics. After putting

cxc-uj.olj'te into the cell the corrosion-protective layer is

" 'eloped within two hours. Only thendid the measurements begin,

"hue stationary current density-potential curves of both these

fele^crodes in figure 4 demonstrate, that up to current densities

100 C 1 1 1 1 "I 1 1 1 r 

L i I I I I I I 1 I d

-1,6 -1,2 -0,8 -0,4 0

Hh/v

Figure 4. Stationary current density-potential curves of

Sn-Hg-Al anode and C/Ni/PTFE air cathode respectively in,-a power

cell with 6M KOH + 0.1M Kc,Sn(OH)f- solution (anode: 6.10_;?mol Sn/
cm | 20 to 25UC) * b

p
of about 10 mA/cm the amalgamated aluminium anode is more pola

rized than the atmospheric oxygen cathode. The rate of hydrogen

development decreases with increasing anodic current density.

From these values the current efficiency of the anodes is cal-

p

culated (figure 5)« Above 1 mA/cm the current efficiency is

higher than 99%^ Figure 6 shows voltage-time characteristic cur

ves of the aluminium/air cells for continuous discharge on vari

ous loadings. The cells have a nearly stationary voltage, and

they are suitable for intermittent discharge.
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Figure 5» Current efficiency of Sn-Hg-Al electrodes in 2

6M KOH + 0.1M KgSnCGlOg solution (anodes 6 . lO^molSn/cm )

u/V
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20 Q (3mA/craJ)

10S2 ( 6mA/cmJ)

_1 L

20 40 60 80 100 120 t/h

Figure 6. Voltage-time characteristic curves of aluminium/air

cells for continuous discharge on various loadings

(6M KOH + 0.1 K^nCOlOg)

Magnesium anode

The behaviour of magnesium electrodes in alkaline electrolytes

is quite different from that of alumi-

niumones. In aqueous alkaline solution, magnesium holds accor

ding to the reaction
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Mg + 2 CH~5=*Mg(0H)2 + 2 e~ (13)

the calculated standard electrode potential of Ug(13)=-2.69 V

In addition to this reaction which releases the electrons,

a corrosion process occurs, in which hydrogen is formed accor

ding to the reactio-

2 HgO + 2 e~^*2 QH~ + (14)

with the standard electrode potential of Ug(14)=-0.83 V (see

also reaction (2)). The total corrosion reaction is

Mg + 2 H20^SMg(0B)2 + H2. (15)

If the reactions (13) and (14) were indeed the anodic and catho-

dic partial processes respectively of the corrosion reaction,

the magnesium would have a mixed electrode potential of U^=

-1.86 V /32/, but they are not.

The difficulties encountered when the magnesium electrode is

used in an alkaline electrolyte are due not only to the corro

sion but also to the passive-active behaviour. The anodic solu

tion process is far too inhibited by passivation. On the other

hand, it is only because of the passivation that the good corro

sion resistance of magnesium electrodes in an aqueous electro

lyte is possible. When these electrodes are used in practice,

the alkaline electrolyte must contain activating anions, e.g.

CI", Br", 010^. But this is a very difficult system, in which

it is almost impossible to measure reproducible current density-

potential curves; even the rest potential fluctuates in a wide

range. The quasistationary rest potential of the magnesium elec

trode in a 2M NaOH and 5M NaClO^ electrolyte was found to be

between -1.2 and -1.3 V.

Therefore PERRAULT /32, 33/ supposes the existence of magnesium

hydride as an intermediate compound on the magnesium electrode.

In an improved pH-potential diagram there are only three ther-

modynamically stable species: MgH2, Mg(0H)2, and Mg2+.

It is important, that MgO and the magnesium metal itself are

not stable in any region. The potential-determining reaction
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could be

Mg(0H)2 + 4 E's^H MgH2 + 2 1^0 + 4 e" (16)

which has the pH independent standard electrode potential of

Ug(16)=-1 .412 V. The hydride ion concentration near the electrode

surface should be about 0.01 mol/1, so that the electrode poten

tial corresponds to the observed one.

The interesting behaviour of the magnesium electrodes in NaOH-

NaClO^, electrolytes is shown in figure 7 and 8. These are the

- 0,2 mA- cm"1

V

-'.2

-1.3

0 1 2 t/mn

Figure 7» Cathodic galvanostotiv potential-time curve with cur

rent interruption for the magnesium electrode in 2M NaOH + 5M

NaCIO,,

-1.23

 

Figure 8. Anodic galvanostatic potential-time curve with current

interruption for the magnesium electrode in 2M NaOH + 5M NaClO^
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galvanostatic potential-time curves with current interruption for

cathodic and anodic polarization respectively. In the short cur

rent interruption time (6 s) both these electrodes put in a rest

potential, which is beyond the original, quasiatationary rest

potential. Formally the electrode system has a negative dif

ferential resistance. Therefore all stationary measurements must

be used with care.

The decrease in the polarization resistance (figure 8) is very

important. After a short delay a higher anodic current or a lo

wer anodic polarization is possible. This is an activating ef

fect of the passive electrode.

To interpret the passive-active behaviour it seems to be neces

sary to take into consideration that there are two quite dif

ferent qualities of magnesium electrodes, both passive and ac

tivated, with different mechanisms.

In aqueous electrolytes, magnesium passivation is caused by the

existing redox system H2/2H+. The passive layer is already pre

sent at the rest potential. Thus, activation is impossible in an

alkaline solution by a reduction of the passive layer.

The magnesium dissolution occurs by anodic polarisation. The

shape of the make and break curve shown in figure 9 characterizes

 

Figure 9* Galvanostatic make and break curves typical for magne

sium .
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the activation initiated under galvanostatic conditions. The

first part of the curve shows the behaviour of the rest poten

tial. After the polarization current has been switched on at

point A the electrode potential has a sudden sharp rise. When

point B has been attained, the activation of the anodic disso

lution suddenly starts whereby the potential again becomes more

negative j this can be seen in the third section of the curve. The

polarization of the electrode is stopped at C. Here, the poten

tial drops to a value more negative than the original rest po

tential. Subsequently, the rest potential is attained again

slowly. The potential drop at C can be explained by the fact that

the electrode is still active at this time but thereupon ex

periences another slow passivation.

The active magnesium electrode dissolution can be attributed to

a pitting mechanism /3V« A model of this mechanism for anodic

magnesium solution is shown in figure 10.

 

Figure 10. Model of the pitting mechanism for anodic dissolution

of passivated magnesium in alkaline perchlorate electrolytes
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It is almost exclusively the perchlorate anion from the perchlo-

rate solution employed that is transferred into the electrolyte

trapped in the pits. In this way, the saturated, slightly acid

hydrolysing magnesium perchlorate solution is produced within

the pit according to the reaction

The hydroxyl ions present in the alkaline perchlorate electroly

tes only reach the pit boundary, since they form a hydroxide

that is difficult to dissolve, with the magnesium ions present

in the pit.

The inner pit area is subdivided into anodic capillaries along

the grain boundaries and in cathodic spolts that are assumed to

be close to the pit orifices. The anodic dissolution proceeding

along the grain boundaries explains the grain break-up and the

chunk effect, that means the disintegration of magnesium to very

small particles, occuring while hydrogen evolution sets in at

the cathodic spots. In every pit a constant current density, re

ferred to the pit area, adjusts itself, because it is controlled

by saturation of the pit electrolyte with MgCClO^g. Tke active

pit areas are proportional to the total current densities used in

the experiments. Only a few pits are formed at low current den

sities, while the pit contamination spreads over the entire elec

trode surface area at high current densities. In the same way as

the anodic current density, the negative one will also be pro

portional to the adequate spots, so that both partial current

densities will be in a constant proportion over a wide range of

the total curront density. In this way the negative difference

effect on magnesium is explained in principle; it means that the

corrosion intensity increases with increasing 'anodic loading. The

hydrogen evolution is proportional to the total anodic current

dens ity.

After switching off the current the activated magnesium electro

de has a mixed potential, which depends on the current density

before switching off (figure 11). The limiting potential is that

of the electrode in pure saturated magnesium perchlorate solu-

 

(17)
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Figure 11. Current density dependence of potential before and

after switching off a quasistationary anodic current

tion, which corresponds to the pitting mechanism. After a short

period of time the pits will be passivated.

The result of another experiment is shown in figure 12. It is

well known that the magnesium electrode cannot be activated in

an electrolyte consisting of more than 3 mol/1 sodium hydroxide,

independent of the proportion of perchlorate. When an electrode

in a pure 5M sodium perchlorate electrolyte is loaded at 30 mA/

2
cm , sodium hydroxide can be added up to a concentration of

6 mol/1 without any passivation occuring. An electrode that had

not been pre-treated in such a way showed a passive behaviour in

that electrolyte. Without any alkali addition a potential of

about -900 mV was measured after one hour.

These results indicate that an electrolyte of different composi

tion has to be present in the pits formed by a pretreatment in
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Figure 12. Time dependence of potential and sodium perchlorate

concentration upon the addition of soda lye at 2 min intervals

at a current density of 30 mA/cm and 20 C

an electrolyte free from alkaline solution.

The activation behaviour of magnesium depends also on alloying

elements. The metallic additives increase the corrosion current

density in the following order /1,3-5/s

Li-=Al*=Zn*nn<Pb-=Hg<Tl.

These metals lower the hydrogen overvoltage on the passive layer

and/or increase the quantity of pits on the electrode surface.

There are close connections between corrosion current density,

electrode potential and anode efficiency at low loads (i-^IOmA/

cm ) . The high corrosion current density alloys have the most ne

gative electrode potentials, but also small anode efficiencies

at low loads. The more stable the covering layer, i.e. the lower

the corrosion, the longer the delayed action. The thallium and

mercury alloys have high corrosion current densities, which is

equivalent to an anodic activation.

Some selected electrode materials were combined with double-

layer air electrodes. Oxygen does not increase the corrosion of

magnesium in alkaline solutions. As expected, the cells with
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anodes made from mercury and thallium alloys possess the highest

rest potentials of about 1.80 and 1.85 V. The potential-time

characteristic curves of the best laboratory model cells with the

magnesium-mercury-lithium alloy HL 21 are shown in figure 13.

 

I I I I I i

0.05 0.1 05 1 5 10 t/h

Figure 13. Voltage-time characteristic curves of magnesium/air

cells with the magnesium-mercury-lithium alloy HL 21 for con

tinuous discharge on various loadings (1M NaOH + 5M NaClO^)

After the start of the cell discharge, delayed action amounting

to about 2 s could be seen. The highest closed circuit voltage

is attained after about one hour, because the cell grows warm.

Then the voltage decreases slowly owing to water losses and en

richment of lig(0H)2 in the electrolyte.

Unfortunately, there was no success in obtaining anodic disso

lutions of magnesium at adequate current densities in an alka

line solution by means of ion-conducting covering surface layer.

It will surely be impossible to avoid the production of hydrogen

in aqueous solution in the anodic dissolution process of mag

nesium.
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RAPIDLY-REFUELABLE ALUMINUM-AIR BATTERY*

by

E. L. Littauer, R. Hollandsworth and D. J. Levy

Lockheed Missiles & Space Company, Inc.

Lockheed Palo Alto Research Laboratory

In 1976, as a corollary to work being undertaken on an aluminum-silver

oxide battery, Lockheed scientists successfully coupled a new high-rate

aluminum alloy anode to an air electrode. This achievement led to an

investigation of aluminum-air batteries since it was hypothesized that

precipitation of aluminum hydroxide in the battery could be used to

advantage in an automobile application and permit recycling of the alu

minum. Since that time the program has advanced from the concept feasi

bility stage to the present state of preliminary prototype design.

During 197S-1980 the aluminum-air system was sraled-up under Department

of Energy sponsorship. The program involved subscale (50 cm ) cell

development to determine the feasibility of the aluminum-air battery

concept for automotive propulsion. A study was undertaken of opera

tional factors and several aluminum alloys and air cathodes were investi

gated to determine their applicability to the system. A full-scale

'1 000 cm ) aluminum-air cell was designed and fabricated based on the

* Contributed paper at the Second International Workshop or Rea-- ' ve Metal-A 'r

Batteries (Belgrade) , September 3-4, lt>82, Belgrade, Yugoslav a
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subscale studies. Full-scale cell testing showed that the scale-up

was achieved with minimal difficulty and performance comparable to that

of the subscale test was achieved.

The most recent work, described In this paper, 1s concerned with the

design and evaluation of a rapidly-refuelable, full-scale (0.1 m )

aluminum-air cell. The performance of two designs was determined

2
with subscale, 200-cm cells and the full-size cell. Cells are stack-

able and a hydrodynamlc analysis was made for a multi-cell stack.

Cell Reactions

The overall cell reaction 1s

2 Al + | 02 + 3 H20-»-2 A1(0H)3 E° = -2.7V

The Insoluble film on the anode Is readily dissolved 1n the alkaline

electrolyte.

A1(0H)3 + OH"—»-Al(0H)^

The hydroxyl ion consumed above is released when hydrargill ite 1s crystal

lized from the solution.

Al(OH)^-*^- Al203-3 H20 + OH"

The parasitic reaction to avoid is the chemical reaction between aluminum

and the electrolyte.

Al + 3 H20-»-Al(0H)3 + | H2

The aluminum anodes were RX808 alloy which contained 0.1% Ga to avoid passi

vation. Alkaline electrolyte composition was 4M Na, 1M Al , and 0.06M Sn ;

the latter element functioned to inhibit the parasitic corrosion reaction.

Half-cell potentials were measured versus a Hg/HgO reference cell. Tests

were conducted at 60°C.
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Cell Design

A major result of this work was to establish the practicality of solution-

side current collection (SSCC) which enables the rapid-refueling of alu

minum-air cells. This technique, Invented by Lockheed In 1980, achieves

anode current collection by pressing metal contacts to the anode at the

aluminum/electrolyte Interface. The technique obviates making mechanical

or soldered connections to the anode prior to loading in the cell, and

.eliminates the need for Isolating such connections from the electrolyte

to prevent corrosion. SSCC allows rapid refueling using anode plates

having minimum fabrication steps and wide dimensional tolerances.

2
Performance of the SSCC concept was first verified with a 50-cm test

cell. Tests with this small cell Indicated a 40 mV loss relative to dry

2
side current collection, but subsequent tests with 200-cm cells showed

that there 1s no voltage loss within experimental error. No hydrogen gas

1s evolved from the bare metal of a SSCC.

Two design engineers, working Independently, explored a wide range of

possible cell configurations utilizing the SSCC for rapid refueling before

selecting two designs for experimental testing. In order to achieve a

small, constant gap between electrodes to minimize ohmic losses, It 1s

necessary to move either the anode or cathode as the anode is consumed.

Both moving anode and moving cathode designs were selected for fabrication

in the subscale 200-cm size.

2
The moving-anode cell is a 200-cm rapidly-refuelabl e, stackable, bicell

fabricated of Nylon 6/6. This simple but effective design consisted of



a central air bladder with an aluminum anode on each side. A1r pressure

caused each anode to maintain good contact with a S5.CC and air cathode.

Fig. 1 shows the cell being refueled after draining aid removing the top

cover. This cell was used for extensive evaluation of anodes and air

cathodes.

2
The moving-cathode cell is a 200-cm , rapidly-ref .f lable, stackable, blcell

fabricated from polyphenyl ene oxide (PPO) because of its excellent stiff

ness, chemical resistance and moldability. This cell (Fig. 2) consists of

a central aluminum anode with a SSCC taking current from each side. Air

cathodes are held against the SSCC's by air-pressurized bladders. The

construction of this cell is shown 1n Fig. 3.

The moving anode design was scaled up and fabricated in full size (0.1 m )

using PPO wherever possible. This cell (Fig. 4) identical to the subscale

design, was used for demonstration of a full-size, rapidly-refuelabl e

aluminurr.-air cell .

Performance of Engineered Cells

A data acquisition system was installed and many tests were conducted with

2
the subscale cells prior to demonstrating the 0.1-m bicell.

A computer-based data acquisition system was installed to collect test

data at 50-sec. intervals. Tabular output consisted of operating conditions,

raw test data and computed performance. Computer-drawn graphs of cell and

el^ trode potentials, coulombic efficiency and power density were also

produced.
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The subscale, moving-anode cell was tested very thoroughly to evaluate

the SSCC, anodes and air cathodes. Twenty- four tests were conducted

with up to 6 test conditions each. Fig. 5 shows the plot of best per

formance observed. Coulombic efficiency, typically 98-99%, was 98. H%.

2
Power density had not peaked and it is in excess of the 3.6 kW/m at

0.89V shown. Cell voltage is also graphed. Anode polarization is

typically small (10-20 mV/kAm ) with more occurring at the cathode.

_2
The anodic and cathodic polarizations observed were Ifand 147 mV/kAm

respectively (Fig. 6). Cathode current density is corrected for sur

face blockage by the SSCC.

The subscale moving-cathode cell exhibited similar electrochemical per

formance with the baseline air cathodes from Electromedia Corp. (EMC).

The evaluation of subscale cells culminated in the demonstration of the

full-size, 0.1-m cell. Electrochemical performance was good and simila

to that of the subscale model. No problems ascribable to scaleup were

encountered.

Evaluation of Air Cathodes

Half-cell tests of the baseline EMC air cathodes (Fig. 7) confirmed

polarization performance reported by the manufacturer, typically

30-35 mV/kAm"^. The largest power loss in the Al-air cell is due to

ohmic resistance of the electrolyte which, for a 1 . 5 mm gap, amounts

_2
to about 140 mV/kA m . A few air cathodes from two other vendors were

tested and the performance of electrodes from one vendor was similar to

EMC results.



The effect of variations in electrolyte composition on cathode polariza

tion are shown in Fig. 8. Cathode performance was improved by 955 and 3. 5%

respectively when the alumlnate concentration was doubled and the stannate

concentration halved. ^CO^ up to saturation does not affect cathode

polarization (Fig. 9) but the electrode may be damaged by In situ compound

formation .

Hydrodynamlc Modeling of Multi-Cell Stack

2
Analyses were performed on a 16-cell stack of the 0.1-m cells. Electrical

analysis of shunt currents revealed that this loss 1s quite small ( 1 . 5%) .

Hydrodynamic modeling was also conducted. Parallel electrolyte flow to

each cell appears to be the most attractive operational mode. While pump

ing power is similar by either flow mode, series flow results in a very sub'

stantlal Increase in temperature and aluminate concentration.

Figure 10 shows the temperature Increase as a function of electrolyte flow

in Reynolds Number (Re) at 2 kA/m and 90% coulombic efficiency. A flow

of 550 Re 1s needed to limit AT to 5°C in series flow while the AT is quite

low for any flow rate in parallel.

2
The effect of flow on aluminate concentration at 5 kA/m is depicted in

Figure 11. Series flow requires a 700 Re to limit AC to 0.1M (a 10S

change) .

However, the principal disadvantage of series flow is the necessity for

an extensive pressure control system. T}ie electrolyte pressure is less
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In each succeeding cell In the stack. It Is necessary to control air

pressure at each cell to balance the electrolyte pressure 1n order to

avoid electrolyte flooding or gas penetration of the air cathode.

Summary

Two designs of an aluminum-air cell were fabricated and evaluated. Both

the moving-anode and moving-cathode designs utilized solution side collec

tion of the anode current to enable rapid mechanical recharging (I.e.

replacement of the anode plates). Extensive testing of subscale, 200-cm

bicells was followed by fabrication and evaluation of a full-size (0.1-m )

2
moving-anode blcell. Power density was 3.6 kW/m at 0.89V and 98.4%

coulomblc efficiency using RX808 alloy. Air cathodes were evaluated 1n

half-cell tests. Modeling of a full-size, 16-cell stack revealed shunt

current losses of only 1.5% and the desirability of parallel electrolyte

flow.
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Conference Paper

THE PRESENT STATE AND PROSPECTS IN THE REALIZATION

OF ALUMINIUM-AIR TRACTION BATTERIES

FOR ELECTRIC VEHICLES*

by

N.S. Lidorenko, N.E. Draitrenko and V.P. Kasyura

Problems related to environmental protection are

the most important issues of the present. Solving these

problems is obliqatorv for mankind, not only to increase

the comfort of living of people on earth, but it is dire

ctly related to the conseouences of intensive scientific

and technical evolution affecting future generations.

It is known that one of the pollution sources of indu

strial town atmospheres is car transportation. According

to certain data, 60% of the co^ released in to the atmo

sphere of towns in industrially developed countries is the

product of car transport.

The development and realization of the electric, eco

logically oure transport should be a substantial contribution

to the solution of the problem of eliminating environmental

pollution.

* Contributed paper at the Second International Workshop on Reactive Metal-Air

Batteries (Belgrade), September 3-4, 1982, Belgrade, Jugoslavia

S 279



ТЬе ех1зъ1пд апй пе«1у с!еуе1орес1, гс-г 1пЛивЪг1а1 рго-

йисЫоп а1геа<5у ргерагей, сЬет1са1 ромег воигсез гс-г е1есЬг1с

уеп1с1ез сап 1пйеей зо1уе сег!:а1п рагг.1си1аг пгоЫетв о?

г.гапзрог<:а*:1оп, езрес!а11у гог 1пЪегигЬап ЪгапвпогЪ. ЯисЬ аге,

*ог 1пз1:апсе, п1ске1-г1пс е1есЪг!с саг Ьа^Ъег1ез, »ЫсЬ зеет

Ье ЪЬе ЬезЪ опез гог 1Ыз ригрозе. ТНезе ЬаЪЪег1ез сап

огслг1<1е зпесШс епегд1ез о? ио ко бОИп/Кд. Боте орЪ1т1вЪ1с

огесИсИопз аззите г.ЬаЪ ЪЫз зузЪет сап асМеуе а зрес1?1с

епегчу о1 90МЬ/Ксг, ЬиЬ тоге сои1<3 пог. Ье ехпесЬей.

Ноздеуег, ъпе 1пг.егпа1 сотЬиз1:1оп епд1пе о^ Ъпе соп- •

Ъетрогагу саг ргоу1с1ев ап ауегаде зрес1?1с епегау лЬ а

1еуе1 о? 250-300МЬ/Кд , гог ехсеесИпд *пе пгеу1оиз1у теп-

Ыопей ^1дигев гог Ы1-2п ЬаЪг.ег1ез. Еуеп*:иа11у, ЪНе огоЫет

о? ЪНе е1есг.г1с саг «111 Ье зо1уес1 сотр1е^е1у «Неп а Ьаг.^-

егу ад1^Н а рег^огтапсе еаи1уа1епЪ Ъо с.Не 1пЪегпа1 сотЬивг.1оп

епд1пе VIII Ье Ьи11Ъ. ТЬеге VIII Ье по 1оорЬо1ез Ъпеп, ехсер*

^ог зоте зрес1а1 сазез, ^Ьгоичп «Ысп г.Ъе гиг^пег изе от

1пЪегпа1 сотЬизЫоп епд!пез сои1с1 Ье ризЬев гигг.Нег. ТЬе ге-

а11гаг.1оп о^ зисЬ а ЬаЪЪегу Vои1(^ Не1р 8о1Vе есо1од1са1 ого-

Ыетз по*. оп1у оС 1пЬегигЬап, ЬиЪ а1зо о? оиЬз1<1е Ъо>т Ьга-

пзрог!. ТЫз 1з уегу 1трогЪапЪ. I* зпои1а по*: Ье гогао*1:еп

ЪпаЪ С-Ье уо1ите о? сагдо ^гапзрогЪеа" Ьу Ыаск гге1дЬЬ 1з

еаи1уа1еп^ Ъо ЪЬаЬ о? Ъга1пз, пог. г.о тепЪ1оп паззепаег Ьиз

ап<5 1па1у1с1иа1 саг г.гапяоог*.

Ргезеп^1у 1п 1Ье 1еаД1пд соипЪг1ез о? г.пе игог1а, тогк

оп г.Ье беуе1ортеп1 о? сотпеЪ11:1уе е1ес<:г1с уеп1с1ез 1з Ье1пд

сагг1ей оиЪ 1п зеуега1 <11гесЫопз, так1пд изе о? а питЬег

о^ Ыдп епегду с1епз1Ъу зузЪетз гог ргозресгЛуе ЬаЬг.ег1ез.

ТЫя Vо^к т1дЬс. Ье Ьпе гоипс1а<:1оп {от ги*:иге е1есЪг1с уе-

Ыс1ея о? Ъпе уеаг 2000. Егот 1ЬаЪ оо1п! о* у1е« тег.а1-а!г

Ьа1:г.ег1ез аге 1пкегезЪ1пд, 1п рагЪ1си1аг зуз^етз V^^-Ь ап

а1ит1п1ит аподе апй а са^пойе орегаЪ1пд оп аглюзрЬег1с охудеп

(ав ЪЬе е1ес^го1у<;е , адиеоив зо1и^1опз о? а1ка11ев аге изей) .

Ассог(31пч пгеб1с<:1опз , 1Н1я зуз<:ет т1дЬ<; пауе зрес!€1с

сЬагас^ег1з<:1сз а^ а 1еуе1 арргоасЫпд ЪЬаЪ о? ЬЪе сопЪетро-

гагу 1п*;егпа1 сотЬизЫоп епд1пе.

1п ог1пс1п1е, ЪЬе геас1;1опз депега^1пд сиггепЪ ^ог

а1ка11пе зо1и*:1опз сап Ье V^^^Ъеп аз:
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anode: 4A1 + 120H~ » 4A1 (OH) 3 + 12e E° * -2.3V

cathode: 302 + 6H20 + 12e = 120H- E° = +0.4V

overall 4A1 + 6H20 + 302 = 4A1 (OH) 3 E° = 2.7V

Taking into account that the cathodic reagent, oxygen,

is supplied from the surroundings, the theorethical energy

density can be calculated only on the basis of the con

sumption of anodic material, aluminium, ( oL - 0.335 g/ Ah).

Such a calcualtlon gives 8060Wh/Kg.In the papers of Or. Cooper (U.S.A.) specific energies

of more than 4000Wh/Kg are cited as values that can be rea

lized in such systems (at 150mA/cm2 and an effective voltage

of 1.6V per element). This value is quite high.
In reality the reaction of anodic dissolution of aluminium

in alkalies proceeds with the formation of a compound of alu

minato ions with alkaline cations.

4A1 ♦ 6H20 ♦ 302 * 4MeOH ■ 4MeAl(OH)4

(for monovalent alkalies)

Under certain conditions the product of this reaction

decomposes with precipitation of the hydrated aluminium oxide

with the recovery of alkalies.

4MeAl(OH)4 - 2A12033H20 + 4MeOH

Hence, the consumable components that one has to have

aboard the electric vehicle are Al and H20. The values of the

specific energies calculated for the consumed components

only (specific capacity ■ 1791 h/Kg at current efficiency-

- 100%) as a function of the realized voltages in the Al-air

system are given in the following table:

1.0 1.2 1.4 1.6

Operating voltage, V 1.0

Specific energy, wh/Kg 1791 2145 2507 2865
In general, these figures are inspiring and indicate

the high energetic prospectlvness of this system.

Presently, many authors consider that the Al-air syst

can achieve more than 300wh/Kg for the battery as a whole.
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In considering this system from the point of view of the

supplies of the anodic material, it could be said without a

doubt that aluminium is not defficient, it is an element ample

in nature. This is very important. Most of the electrochemical

systems used for chemical power sources use either materials ,

that are defficient, or that will become defficient in the

future, as predicted by specialists. Besides, the reaction

product in the Al-air svstem is bauxite - Al203 4H20,

which can be recvcled in aluminium plants by means of a

known technology for obtaining aluminium that can be

used aoain in batteries.

In or indole, this is possible, if the recharging

of such a battery can be carried out mechanicallv by sub-

stitutinq the used anodes with new ones. The evident adva

ntage appears to be the efficiency of recharging, i.e. fast

replacement of anodes, adding the second consumed component,

water, and removal of the reaction products. The procedure

resembles more the filling of a tank of a car, than a multi-

hour charging of the electric vehicle batteries.

In considering the possible construction variants for

Al-air systems, it can be said that the simplest variant

is the one with still alkaline electrolyte. The investi

gations carried out in the U.S.S.R with this svstem show

that it is possible to operate this system under two different

reqimes, depending on the mechanisms of mass transport at

constant electrolyte volume. At relatively low operating curr

ent densities, the reaction products manage to diffuse into

the bulk, causing no concentration hindrance in the electro

lyte layer adjacent to the electrode. For that, it is nece

ssary to have anodic corrosion rates in the order of 10%

of the generated current. The escaping bubbles provide the

sufficient corrective mass transport of the reaction pro

ducts into the bulk. The necessary correlation between the

corrosion rate and current generating reaction can be achi

eved easilv due to the presence of the positive difference

effect for aluminium in alkalies. As the temperature incre

ases, the optimal operating current density increases con

siderably. While in this operating regime, the electrolyte
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can be consumed completely becoming thick white matter con

taining solid reaction products. They are particles 4-7 um

in diameter, which during prolonged operation agregate by

coagulation into 30-40 jam particles. While not providing

extremelly high specific power while operating, under this

regime the battery provides the maximum specific energy.

By increasing the operating current density above the

optimum one, the corrosion rate decreases until it completely

stons. The lack of gas evolution at the anode causes pass

ivation, as a consequence of the accumulation of reaction

products at the surface. They do not have a chance to diffuse

away into the bulk, when the rate of diffusion away from the

electrode surface decreases below an acceptable level after

accumulation of the reaction product in the bulk. Under this

operating regime the electrolyte can not be fully used and

remains clear. It is possible then to achieve higher specific

powers but the specific energy decreases, since a part of the

electrolyte remains unused. Even electrolyte flow through the

interelectrode gap of 20cm/s in a closed loop (but without

the removal of the reaction product) does not considerably

improve the specific energy characteristics. In this case,

the electrolyte layer adjacent to the electrode, in which

the diffusion hindrance occurs, is determined by the thickness

of the boundary layer formed either in laminar or turbulent

flow. Data of many authors, indicating the practical indepen

dence of the anodic dissolution of aluminium on the flow

rate of electrolyte, support this view.

It is possible to achieve higher energy values with

sufficiently high specific power densities only if the rea

ction products are removed from the electrolyte to such a

level that the possible diffusion rate of the reaction pro

duct throuah the boundary layer (for the achieved concentra

tion gradient) is higher than the rate of formation of these

products in the current generating reaction. Electrolyte

purification can be carried out within a circulation loop,

where one has to provide product removal and water addition.

Besides, within this loop, it is necessary to have the electro

lyte in isothermic conditions, in order to ensure the stability

of the battery discharge regime.



Obviously, only the last reoime of battery operation can

provide lono functioning with sufficiently high soecific cha

racteristics. Further workino out of such an approach and its

materialization is somewhat difficult and is connected with

a number of new hydrodynamic and heat exchange problems.

However, preliminary work on the realization of ele

ctrochemical generators operating by similar principles

including automatization in which many problems have been

succesfully solved, gives hope for positive results in the

development of such a system.

Furthermore, the problem of the oas diffusion air ele

ctrode has still not been completely solved. The existing

electrodes are expensive, since they contain noble metals.

However, the forseen solutions of these problems, as well

as new developments in obtaining cheap and effective ele

ctrodes qlve sufficient hope for the successful solution

o^ this problem. In paralles, lonoer life times, protection

o* catal"sts from poisonino, prevention of carbonization,

etc., can be expected.

A number of problems are related to the optimization

of aluminium based anodes to operate with high efficiencies

at low polarization.

Until recently, it was a common opinion that high purity

aluminium is good material for this purpose. Howeve r , now we

have a number of alloys which are better than high ourity

aluminium. As alloylna components Hg, In, Sn, Zn, Ca and

some other metals are used, improving one or another cha

racteristic of aluminium. One should not stop with research

in this direction. This might result in the discovery of new

allovs with even better characteristics as the anode material

in this system.

From all that was said, it can be concluded without a

doubt that work on the Al-air system is of particular inte

rest as a prospective one. It should be continued and supported.
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Conference Paper

ANODIC AND CATHODIC REACTION RATES FOR Al-Sn ALLOYS IN NEUTRAL SOLUTIONS *

by N St#rkersen,

Norwegian Defence Research Establishment,

P 0 Box 25,

N-2007 KJeller

One of the objectives of this Workshop here In Belgrade Is to give

those participants who did not have the oportunlty to be at the Palo

Alto Workshop in May, a chance to pick up some of the things that hap

pened there. I will therefore start to recapitulate some of the main

points from the paper that T Valand (1) presented at the I'alo Alto

Workshop.

In his paper, VAland described a potential step technique that he used

to characterize aluminum and aluminum alloys electrochemically . With

this technique it is possible to separate the anodic reactions from

the cathodic.

* Contributed paper at the Second International Workshop ok Reactive Ketal-Air

Batteries (Belgrade) , September 3-4, 1982, Belgrade, Yugoslavia
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If one assume that an oxide film is present on the Al-electrode,

several reactions may take place on the oxide surface. These reac

tions are shown in figure 1.

3+ 3+
Al (ox) ♦ Al (el) (la)

2- +

0 (ox) + ZH (el) * H 0(el)

2

(lb)

2H (el) + 2e ♦ H (lc)

In addition, the oxygen evolution reaction can take place, but this

reaction will not be treated here.

The first reaction is the anodic dissolution reaction. This reaction

proceeds only from left to right. The second reaction is the oxide

formation/dissolution reaction. When this reaction is in equilibrium

the film will have a stable thickness. The third reaction represents

the hydrogen evolution reaction.

S 286



 

If on allow the electrode to stabilize at a certain potential, Estabi

until the current density reaches a stable value, the system will be

at steady state. In neutral solutions this could take 10-20 hours.

Xn this situation the oxide formation/ dissolution reaction is in

equilibrium and will not contribute to the measured current density.

The anodic Al-dissolution reaction and the hydrogen evolution reaction

will then have a certain rate which depends on the solution pH, the

oxldeproperties and the potential across the oxide electrolyte

interface.

When a potential step is applied to the system, the current density

will change and the oxide thickness will start to change. But since

the oxide formation or dissolution are slow prosesses , the oxide

thickness should not change significantly if the duration of the

potential step is short. With a series of short potential steps both

in the anodic and the cathodic direction from Estabi it is possible to

plot the potential versus current density in a Tafel plot.

.

An example of such a Tafel plot Is given in figure 2. As can be seen,

an exponential connection seems to excist in both anodic and cathodic

direction. By extrapolating the Tafel curves to the stabilization

potential the anodic and the cathodic part of the tot*l current den-
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sity at this potential Is found.

Since the oxide formation/dissolution reaction is in equilllbrium at

Estabi the net anodic current density at this potential is only due to

the Al-dissolution reaction, and if one assume that the oxygen evolu

tion does not take place, the only cathodlc reaction occuring is the

hydrogen evolution reaction.

The extrapolation indicated in figure 2 can be done safely if the sta

bilization potential is not too far away from the stationary open

circuit potential.

At very low stabilization potentials, however, the cathodlc reaction

rate is much larger than the anodic rate. In order to determine the

anodic part of the Tafel plot, one has to apply fairly large anodic

potential steps. When such steps are made, changes in the electrode

properties can be introduced during the step. When we step back, to

the stabilization potential, the current density should almost imml-

dlately reach the same value as before the potential step. If not,

this indicates that changes is introduced during the step periode.

Such time dependent changes make it difficult to interperet the

results at very low potentials.
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Another difficulty Is connected to the extrapolation of the Tafel

lines. At very low stabilization potentials the mixed potential Is

far below the stabilization potential, resulting In very long extrapo

lations to find the anodic current density at the stabilization poten

tial* It is assumed that the Tafel relationship that Is observed In

the potential range below the mixed potential, also Is valid at the

stabilization potential. This need not be a case. Sometimes two Tafel

slopes are observed, one steeper than the other. The steepest slope

is obtained when large anodic potential steps are made. If one extra

polate this steep Tafel line to the stabilization potential, a too

high reaction rate will be obtained.

The same arguments can be used for very high stabilization potentials

I.e. for potentials far above the stationary open circuit potential.

But In this potential range It Is the cathodic current density that is

difficult to obtain and not the anodic.

One must have these limitations in mind when this method is used. But

In spite of this, the method still shows useful In quite a wide poten

tial range.

In figure 3 the stationary anodic and cathodic reaction rates are

plotted versus the stabilization potential of super pure aluminum



(99.998Z Al). The electrolyte Is 1M acetic acid buffer with pH - 5.7

and N2 Is continously bubbled through the system to avoid oxygen

evolution.

Plots like figure 3 are very useful in characterizing an electrode

electrochemically. Myself, having my background In metallurgy

usually compare these plots with phase diagrams. Such plots give

Information about what Al-dissolution rate and hydrogen evolution rate

one should expect if an electrode Is held at a certain potential for a

long time.

Figure 4 shows the stationary anodic and cathodlc raction rates of an

Al-Sn-alloy containing 0.003 wtZ Sn. This plot shows that small

amounts of Sn decreases the hydrogen evolution. Note that there seems

to be a shift In the cathodlc curve at approximately -1.3 V(SCE).

Increasing the Sn-content to 0.07Z Sn lowers the cathodlc curve

further (see figure 5). The stationary open circuit potential, i.e.

the potential where the anodic rate equals the cathodlc, Is lowered

from -1.15 V(SCE) to -1.22 V(SCE) by alloying super pure Al with

0.07Z Sn. increasing the Sn content above the solubility limit of

0.1Z seems to Increase the cathodlc reaction rate again according to

V&land (2).
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One may ask why the hydrogen evolution reaction depend in such a

manner on the Sn content? One explanation may be that some of the Sn

enters the oxide thereby decreasing the electron conductivity by

acting as electron trapping centers. A decrease in the electron con

ductivity of the oxide will lead to a decrease in the hydrogen evolu

tion reaction rate. Increasing the Sn content above the solubility

limit will Increase the hydrogen evoution again due to local effects.

In the anodic curves, however, only small differences are observed

between these alloys. The minimum current density seems to have been

slightly shifted towards a higher potential in the alloys containing

Sn than in the super pure Al. At stabilization potentials below

-1.5 V(SCE) the anodic curve for the alloy containing 0.003Z Sn seems

to be shifted towards a higher current density compared with the two

other alloys, but these differences could be due to experimental

uncertainties, as discussed above.

Figure 6 shows the anodic and cathodic Tafel slopes as a function of

stabilization potential for super pure Al. Each point on these curves

is found by measuring the slopes of the Tafel plots like that in

figure 2. The anodic Tafel slope is fairly independent on the stabi

lization potential down to approximately -1.4 V(SCE). Going further



down in potential, the anodic Tafel slope starts to increase and

reaches a maximum at approximately -1.6 V(SCE). This potential lies

in the vicinity of the potential where the Al-dissolution reaction

rate has its maximum.

The cathodic Tafel slope has a maximum at approximately the same

potential as the anodic curve. In addition to this maximum the catho

dic curve has a maximum at approximately -1.2 V(SCE) which is in the

vicinity of where the shift in the cathodic reaction rate curve

occurs.

Plotting the Tafel slopes versus stabilization potential for the two

Al-Sn alloys investigated here, i.e. containing 0.003Z and 0.07Z Sn

respectively, the same characteristics as for super pure Al are found

(see figure 7 and 8). However, the maximum of the cathodic Tafel

slope which is situated at the highest stabilization potential,

decreases with increasing Sn content.

Why do the stationary anodic and cathodic reaction rates and Tafel

slopes have such peculiar curve shapes? We do not know the answer to

this question yet. One hypothesis is that this has to do with the lack

of stoichiometry when the oxide approaches zero thickness.
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From anodization experiments it is known that there is a linear rela

tionship between the steady state potential and the oxide thickness.

It is found to be approximately 13A increase in thichness per volt

increase in anodization voltage. This relationship seems to apply

also for very low potentials. From thermodynamic considerations (3)

one should expect zero oxide thickness at approximately -2.04 V(SCE)

in a solution of pH ■ 5.7. This is in good accordance with the

experiments of A W Smith (4).

At relatively high stabilization potentials, we find that the Al-

dissolutlon rate is Independent on the stabilization potential. This

is what one should expect if the oxide composition Is constant.

At very low stabilization potentials, i.e. potentials approaching the

zero thickness potential, one can not expect bulk composition proper

ties. If one assume that anodization ratio of 13 A/V also is valid at

such low potentials, a stabilization potential of -1.75 V(SCE) should

correspond to an oxide thickness of approximately 3.5 A. This also

corresponds to the approximate thickness of one monolayer of AI2O3. A

potential of -1.5 V(SCE) and -1.25 V(SCE) would then correspond to two

and three monolayers respectively. The curve shapes of both the

J8tab-Estab plot and Tafel slope plot may therefore be explained by

changes in the oxide stoichiometry as the oxide thickness changes, but



a detailed description can not be given at this point*

At the Norwegian Defence Research Establishment we have the opinion

that the experimental mehtode described above, Is very useful to

characterize the Al-electrodes used In fuel cells. The method is

applicable not only for neutral solutions, but in the whole pH range.

■
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Figure 3 Anodic and cathodlc current densities at steady state as a

function of stabilization potential for super pure Al

(99.998Z Al).

 

Figure 4 Anodic and cathodlc current densities at steady state for

an Al-Sn alloy containing 0.003Z Sn.
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Figure 6 Anodic and cathodlc Tafel slopes aa a function of stabili

zation potential for super pure Al.
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Figure 7 Anodic and cathodlc Tafel slopes versus Eorah for an Al-Sn

alloy containing 0.003Z Sn.

 

-IT -1.6 -13 -U -u -\2 -1.0 I

Figure 8 Anodic and cathodlc Tafel slopes versus Eefay, for an Al-Sn

alloy containing 0.07Z Sn.
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•

I. INTRODUCTION

In considering the usefulness of the aluminium-air

system in the field of electrochemical power sources heavy

accent has been placed on its potentialities as high-energy

density source for vehicular applications. There is no doubt

that its development in this direction has excellent prospe-

12 3
cts as stressed at several other instances ' ' , as well as

at this Meeting. However, the requirements for high power

density in this application orient the developments towards

the use of alkaline electrolyte and technically complex hard

ware design, taking care of fast electrolyte flows, heat ex

change, reaction product precipitation etc.

It is the purpose of our communication to encourage the

awareness that ALAIR batteries have many other useful appli

cations, a number of which may have a significantly better

* Contributed paper at the Second International Workshop on Reactive Metal-Air

Batteries (Belgrade) , September 3-4, 1982, Belgrade, Yugoslavia
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prospect of fast materialization than is that of the source

of power for electric vehicles.

In these applications the neutral saline electrolyte ALAIR

battery, which was given birth in our Laboratory can exhibit

qualities superior to those of the alkaline one.

One should note that low alloying with indium (0.05%)

already gives aluminium the potential and other qualities of

zinc. Hence, the vast market of the Leclanche* cell or corrosion

protection with sacrificial anodes is already available for

aluminium. It is much more a matter of careful economic evalu

ation than of technical development, to advance in the dire-

4 5
ction of replacement of zinc. Alloying with gallium ' ' and,

quite possibly with some other elements6 opens up applications

of aluminium with the air-electrode as electrochemical source

of energy. There is a large market both on land and sea which

would welcome a handy and benign package of energy with easy

fueling for long hours of operation. This can be ideally covered

by the neutral salt ALAIR battery. Aluminium in the form of

plates represents an ideal fuel to package, carry to long di

stances and store for indefinite time without any special requi

rements. There are only too many places on the earth and in

the outer space which electrical networks are not reaching. Salt

water is also one of the most ample comodities on our globe.

Finally, refueling by replacing the plates and the salt water

is an operation totally uneducated and unskilled people can do

without any forseeable harm. The important fact to note here

is that in such applications the energy efficiency and the

power density are far down on the list of required qualities.

It is, of course, desirable to attain the cell voltage of IV

or more under current drain of e.g. 100 mAcm and, hence,

an energy efficiency of 36% and a power density of 100 Wdm 3

or 80 Wkg"1. However, if this can be achieved only by using

a relatively costly gallium alloy based on high-purity aluminium

and advanced air-electrodes, one should consider trading these

_ o

qualities for e.g. 0.5V cell voltage at 50 mAcm and, hence,

18% efficiency, 25 Wdm"3 or 20 Wkg" power density, in favour

of a significantly lower cost of use of technical grade base-

metal and some commonly available air-cathode.
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Hence, one has good reasons to believe in great commercial

potential of cheap saline electrolyte ALAIR batteries as me

chanically refuelable electrical power source.

In this communication some relatively recent developments

in the direction of achieving the above goal will be reviewed,

which involve some new engeneering concepts in mechanically

rechargeable cell design.

11. SELF-PERPETUATING WEDGE ANODE (SPW)

A new type of consumable battery anode has been deve-

2 7
loped, which could be appropriately described as SPW anode ' .

It was designed to provide constant spacing between air-ele

ctrodes and the dissolving anodes. As shown schematically in

fig. 1, once shaped into a wedge, the aluminium anode perpe

 

Fig.l.

Schematic representation of the operation of an SPW anode

Side arrows represent dissolution of aluminium. Bottom

arrow indicates the direction of motion of the wedge.



tuates that shape as it dissolves and sinks into the prismatic

space inbetween the air-electrodes during dissolution. Reserve

fuel is supplied in the form of aluminium plates, to rest on

the upper base of SPW.

It was shown at another instance^ , that the downward

motion of the SPW anode proceeds at a velocity determined by

-2 -1
the rate of dissolution of aluminium, dn/dt (molcm s ) and

the angle between the two sides of the wedge at its front.

With that angle determined by the length of the wedge, 1 (cm)

and its thickness at the base, d, it can be derived that

v = —— (dn/dt) (cms-1) (1)

d f

where M and ? (gem-3) are the atomic weight and density of

the anode metal respectively. In the case of aluminium their

ratio equals to 10.

The theoretical velocity of sinking can be derived by

relating dn/dt with the anodic dissolution current density, j,

via the Faraday Law. Thus,

21 M

v = — j (2)
c d ^zF

However, since the metal dissolves also due to corrosion,

the real (dn/dt) = (1/zF) (j + jH2> » where jH2 is the

current density corresponding to hydrogen evolution rate,

assumming that the latter occurs by an electron exchange

'mechanism requiring dissolution of an equivalent amount of

aluminium.

As the efficiency of the use of the metal in the produ

ction of electrical energy depends on the amount of anodlcally

dissolved metal relative to the total dissolved metal, one

can derive the material efficiency coefficient as

21 M j

"~ (3)

\ d fzF v

i.e. one can determine the latter by contrasting the measured

velocity of sinking with the anodic current density drawn from

the cell.
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The operation of the SPW anode has been tested in a cell

shown in fig. 2 designed to. serve as a module of a larger

power source, which could be composed by stacking the former.

 

(a) (b)

Fig. 2.

A cross-section (a) and a view (b) of a module of an ALAIR

battery with a SPW anode.

The middle portion of the cell constitutes the active

part, consisting of two air cathodes at a distance of 9 mm

at the top and 4 mm at the bottom, with the aluminium ele

ctrode made of 5 mm thick flat sheet, which shapes up into

a wedge automatically as the sheet dissolves anodically and

sinks into that space. A 2 mm spacing between each air-cathode

and the anode is maintained all-along from the top to the

bottom of the cell.

A typical anode and its map after 21 hours of operation,

when it sunk by 11 cm, are shown in fig. 3.
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A view of a SPW anode (a) and its map (b) after 21 hours

of operation at 50 mAcm~2. Figures on lines indicate

thickness in mm.

It is seen that a fairly even dissolution is achieved,

although a much more impressive evenness was demonstrated

in the use of SPW anode in the alkaline cell .

The rate of sinking was measured by following a mark

on the upper part of the anode. A typical time dependence

at a dissolution current density of 50 mAcm is shown

in fig. 4.
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Fig. 4.

Downward shift of a mark on a SPW anode as a function of

time .

One should note slower dissolution at the beginning

indicating lower corrosion before the anode was activated.

The break in the graph reflects self-discharge during shut-off

over a weekend after 18 hrs of operation. The velocity of

sinking could be determined from the slope to be on the ave-

-4 -1
rage 1,3 • 10 cms . This corresponds to an efficiency of

64%. It is low compared to that determined independently from

hydrogen evolution rate on aluminium, at the same anodic curr

ent density at room temperature. However, one should note

that during the operation of the cell the temperature normally

rises to about 40°C. Also, one should expect increased corr

osion on the contacts with the current-carrying bars.

III. CURRENT DRAIN FROM THE MOVING SPW ANODE

Current collection from the SPW anode presents some

problem. Being long and thin, it could produce significant

S 305



ohmic loss of energy if the collection is done from the top.

Also, since the anode is moving, the collection lead fixed

on one end to the top of the anode and on the other end to a

cell terminal, would have to be flexible or expandable. Finally,

if it was fixed for the anode, the replacement of the latter,

or supply of additional aluminium plates as reserve, would re

quire disconnecting the leads from the used-up plates and co

nnecting them for the new ones. In the case of a larger stack

of cells this would be a time-consumming and tedious operation.

Hence, a special way of materializing the connection be

tween the SPW anode and the negative terminal of the battery

was found in the use of harrow-like metal bars, placed along

both sides of the wedge inside the electrolyte. This provided

for a multi-point contact all along the anode, which is sinking

between the bars pressing them against the air-cathodes as

shown in fig. 5.

 

trFMTTTTTT|
 

+

contact bar

-plastic coaling

air -cathode

Fig. 5.

Schematic representation of sliding-contact bars inside

the electrolyte
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collection has been applied independently elsewhere , but

with the bars placed vertically. No effect on shape was

observed so that the screening effect was obviously negli

gible.

The contact-bars serve at the same time as spacers bet

ween the anode and the cathodes. Hence, electrical insulation

must be provided at the back of the bars touching the cathodes.

This was provided by painting the back of the bars with a thin

layer of an epoxy resin.

The cell shown in figs. 2 and 6 has been made to operate

for a number of hours and current collection could be consi

dered satisfactory. However, qualities that the metal of the

bars should have were reviewed in detail elsewhere^, and yet,

considering the relatively poor material efficiency of M%

cited above, the alloy used in this work did not answer all

the requirements satisfactory.

IV. MOTION OF THE ELECTROLYTE

The experience with the meutral electrolyte ALAIR batt

eries indicated that the basic factor limiting its life bet

ween replacements of electrolyte was gel formation. The ele

ctrolyte tended to solidify within a few hours (depending on

current density) . Also, patches of hard dry-looking solid

have been found sticking irregularly over the anode even be

fore this. The cell life terminated by a sharp fall in voltage.

In the process of investigation it was noted that relatively

small and infrequent mechanical action on the anode (shaking,

taking out and putting in again) significantly extended the

cell life.

In considering how to effect a permanent gentle motion of

the anode and the electrolyte relative to each other, it was

realized that it is rather simple to provide it by a periodic

flow of electrolyte up and down the anode. This could be made

by attaching a piston-pump via plastic tubing to the bottom of
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the cell and sucking-in and pushing out the electrolyte

at a desired rate and frequency.

In the course of investigation, the piston has been

moved back and forth with a lever attached excentrically

to a wheel rotated on a shaft of a small DC motor, the

excentricity and, hence, the amplitude of motion being

adjustable with the help of a slit cut into the wheel.

The reduction gears on the shaft of the motor provided

small rpm which could be changed by changing the voltage

on the motor.

Such an action on the electrolyte changed dramatically

the character of coagulation of the precipitating aluminium

hydroxide. Instead of gel formation , relatively fast sett

ling of sand-like precipitate resulted. The analysis of

*

the precipitate showed average grain size between 3 3 and

8 am. The precipitate consisted predominantly of weak

agglomerates of extremelv finely crystalline boehmite

2 -1
particles, with a specific surface area of 233 m g , it

was found to be very active, dissolving readily in caustic.

It is noteworthy that it is considered suitable for reco

very of the metal in an AlCl.^ process after calcination.

After calcination at 300° it attained a specific surface

2 -1
area of 336 m g . However, industrial calcination would

require pelletization of the precipitate.

An even dissolution of the anode was also achieved.

The anodes used before and after such a motion of the ele

ctrolyte was introduced, are shown in fig. 7.

The time of operation of the cell defined as the time

elapsed before the voltage fell to one-half of initial value,

Kind cooperation of colleagues from Alcan is here grate

fully acknowledged.
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Fig. 8.

Cell voltage obtained with a technical grade aluminium

anode as afunction of time at a constant current density

of 50 rnAcm" , (a) in a motionless electrolyte and (b) with

the electrolyte moving periodically with an amplitude of

1,5 cm and frequency of 0.2 Hz.

V. NEW MODEL OF MEDIUM

POWER GENERAL PURPOSE ALAIR BATTERY

Earlier models of ALAIR batteries built in our Labo

ratory were described elsewhere9'10'2. Recently, design

and construction was undertaken of a 200 W battery as a

general purpose power source for light and communication

devices in places remote from electric supply network.

Accent was placed on simplicity, so that it could be manned

by unskilled users.



 

Fig. 9.

A model of 200 w ALAIR battery with saline electrolyte.

The result Is shown in fig. 9. Teflon-bonded metal-

-net-backed-carbon air-electrodes framed in polypropylene

(obtained from the Institute for Chemical Power Sources of

the Bulgarian Academy of Science, Sofia, Bulgaria), consti

tuted the cells with 5mm thick anode plates inbetween and

2mm Initial cathode-to-anode spacing.

A particular feature of the battery is the system for

moving the electrolyte up-an-down the anode and draining

it after the end of operation ("electrolyte life") is indi

cated by the fall of voltage. It consists of two horizontal

cylinders seen in the figure.
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The upper cylinder represents a common air-space,

with smaller diameter vertical tubes parallel to each

cell, leading to the bottom cylinder. At the same po-

sltion short vertical tubes connect the horizontal

cylinder with the bottom of each cell.

A retractable plug closes the bottom cylinder. It

has plastic discs skewered up on a rod and fitting ti

ghtly inside the cylinder, so as to separate spaces in

the cylinder underneath each cell.

As the cells are filled up with the electrolyte

so is the bottom cylinder and vertical tubes. However,

there is no electrolyte connection between cells and

hence, no loss due to internal short circuit.

The upper cylinder is connected with a pistom pump.

The air-cushion between the piston and the electrolyte

in the vertical tubes transmitts periodically changing

pressure of the piston and causes periodic motion of

the electrolyte during the ooeration. The motor of the

pumn is driven by the oower from the battery, using in

significant portion of the deliverable energy.

At the end of the electrolyte life, the slurry of

alumina is drained out of all the cells throuah the bo

ttom cylinder, by unscrewing and taking out the plug

with the discs.*

Cells have been fitted with aluminium-gallium (0.2%)

alloy anodes and the ODeration of the battery investi

gated. The battery voltage is shown in fig. 10 as a fu

nction of current density.

This system is an invention of P. Milanovid

 



» 20 30 « 50 60 j/mAcm-2

I I I 1 1 •

5 10 15 20 25 |/A

Fig. 10.

Voltage-current density dependence of the 6-cell ALAIR

battery shown in fig. 9.

Its relatively sharp initial decay reflects the beha

viour typical of the air-electrodes. Maximum power of HOW

was attained at 22 A (55 mAcm-2) and 5V. With the weight of

the battery of 6.9kg and of the anode load of 2.44kg, the

specific power is 16Wkg~* and the specific energy is 80Whkg~^.

Both values are low and are due to the fact that the battery

was not optimized either in terms of interelectrode spacing

or weight of the hardware.

The battery is being tested for electrolyte life under

different conditions.
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AIR ELECTRODES FOR 4LUMINIUM-AIR BATTERIES*

I. Iliev
Central Laboratory of Electrochemical Power Sources,

Bulgarian kcademy of Sciences, Sofia 1040, Bulgaria

Reactive metal-air batteries posess very high theoretical

energy density and high theoretical open circuit voltage.

However, these high theoretical values are not yet achieved.

The basic problems of these svsters concern'.- the corrosion of th* ^"active metal in aru°ous solutions;

- the negative influence of the electrochemical reaction

products, especially in the case of aluminium-air system;

- the air electrode.The corrosion of the aluminium electrode can be decreased

significantly by the use of alloys, choice of proper electro

lytes and by adding of inhibitors. Usually alkaline (KOHl or

neutral (NaCl) electrolytes are used. The main advantage of

the 3lkaline electrolyte consists in it's high conductivity.

The main advantage of the neutral electrolyte is it's

neutrality, but in this case there is a voltage loss due to

the diffusion potential mantained in the vicinity of the air

electrode by the generated 0H~ ions.
Trie removal of the reaction products from the active space of

the aluminium-air battery is achieved by sophisticated

construction and introduction of a forced circulation and

filtration of the electrolyte.
* Contributed paper at the Second International Workshop on Reactive Metal-Air

Batteries (Belgrade), September 3-4, 1982, Belgrade, Yugoslavia
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Usually aluminium-air batteries use air electrodes developed

for fuel cells. However, the aluminium-air system imposes some

specific requirements on the air electrode:

- the air electrodes must operate at a considerably high

current density;

- their open surface area should be as large as possible

in order to optimize the battery performance;

- because of the forced circulation, the air electrode Tiust

be abln to sustain not only the hydrostatic pressure of the

electrolyte but also it's hydrodynamic pulsations;

- the surface n-f t\ n catalytic layer n-ust be with an

increased erosion stebi!itv;

- <-• ur" cf some ad^itivc-s in the electrolyte imooses some

restrictions on the choice of the catulyst;

- the envisaged mass production of the aluminium-air

batteries precludes tho use of platirum metals as catalyst;

- the air electrodes irust ensure a significant lif** time

at high current density.

. otproofed carbon air gas-diffusion electrodes SDecially

designed to be used in metal-air batteries were developed in

this Laboratory. Their cvera"1! structure is presented in Fig. 1

The electrode incorporates two layers: i) e highly hydrophobic

porous and electrically conductive gas-supplying layer

consisting of a special material developed at t) is Laboratory,

and ii) a catalytic layer consisting of a mixture of the above

material and a porous catalyst.

The special hydrop) obic porous material used in the electrodes

prevents the leakage of the electrolyte altogether. This

iraterial is an electronic conductor which enables the current

collector grid to be embedded into the gas-supplying layer; in

this way the direct contact of the collector grid with the

electrolyte is prevented so that the corrosion problems (which

in some electrolytes can be severe) are drastically reduced.

This hydrophobic material posess high porosity (0.95 cm /g)

enrsurinr a good gas-supply, combined with exremly small pore

radii so that Knudsen diffusion is the main mode of gas
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transport. This is proved by the ^as-flow measurements - Fig. 2,

where the permeability coefficient is presented as a function

of the mean gas pressure. In Fig. 3 are shown the results

from the diffusion measurements with oxygen (in O2 - N2

mixture) which satisfy the well-known Bosanquet relation:

where (Di)eff and Difc are tne effective diffusion coefficient

and the Knudsen diffusion coefficient of oxygen through the

hydrophobic porous material, i-3 the binary coefficient of

normal diffusion and €/q is the porosity/tortuosity ratio.

The catalytic layer consists of a porous hydrophobic matrix in

which the porous catalyst is embedded. The catalyst is not

subjected to any wetproofing with hydrophobic agents. In this

way the active surface of the catalyst is completely accessible

for the electrochemical reaction.
The described electrode design posesses several important

advantages :

- several parameters of the overall structure of the electrode

such as thickness of the catalytic or thickness of the pas-

supplyin/- layers, amount of the catalyst ant the size of the

catalytic zones can be varied quite independently in order

to optimize the electrode performance;- the mechanical strength of the electrodes is sufficient

so they can be used as a wall of the cell without additional

support;

- These electrodes proved to be very suitable for model

investigations of porous catalysts.

Air electrodes with the described structure in which the

cat,nlyst is pure active carbon can operate satisfactorily in

alkaline and in neutral solutions. In Fig. 4 are presented th

current-voltage characteristics of air electrodes with three

different types of active carbon in 7 N KOH. Polarization



curves of air electrodes with pure active carbon catalysts

operating in ? \T NaCl are shown in Fig. 5.. The steady-state

current-voltage characteristics of the electrode operating

in open air are measured ralvanostati cally at room temperature.

A half-cell arrangement is used and the electrode potential ,

including the IR-drop is measured against a suitable reference

electrode (i g/PgC in 7 N KOH o~ SCI in 2 N Nad). It can b^

seen in Figs. 4 rnd 5 that the performance of the electrodes

is substantially influenced by th° type of the active carbon

catalyst. This is due to the differences in both the porous

structure and t! > surface properties of tie active carbon.

The additional activation of tv,e active carbon with small

a.zo'mts of --ilV'-r o " witv '- combin " ~ ion o" n ni^/T ::r.z st.i°

' "eriPit'i on :.~ »'' s r-osu". ts i:: an o1 eril1 i-roroveaent of the

--^r^orrrances of th- air electrodes in KOH (Fie 6). The current

2density at -?0r mV vs. Hg/HgO can be increased from 100 mA/cm

2
'"or active carbon to 200 mA/cm for active carbon promoted

wit> tie corbined silver-nickel catalyst. However these types

of catalysts are not suitable for air electrodes operating

in VaCl . In this case mixed metal oxides synthesized on active

carbon surface can be used as activation arents (Figc 7).

The nerformance of the air electrode with this catalyst is

better than that of an oxygen electrode v.'ith catalyst pure

2
active carbon up to 150 rn^/cm .

~r. *.\ i Ifjst yearr: "(-"V">1at,cn are H lel.v investigate:! as

'■t + ?--,3+3 "or :ir electrodes. Carbon materials promoted with

polymeric cobalt or iron phthalocyanines ^pCoPc, pFePc) can be

used as catalysts for NaCl electrolytes. In Figs. 8 and 9 are

-resented the current-voltage characteristics of air electrodes

with catalysts active carbon, active carbon promoted with

pCo~c (o" pi'^Pc) and harbor h1 acl: nroitio* ?fl with p'JoPc (n- pFeFc).

T+. i .-. .'fen t1 at the type of the caHion support is playing

a rA. ■'nificant role in this case. Electrodes with carbon black
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support show beit performance, which is probably connected

with the improved conductivity of these catalysts.

A significant improvement of the performance of the air

electrodes in KOH i3 achieved by the use of heat-treated

macrocyclic compounds. Usually cobalt-tetramethoxypbenyl-

porphyrin (CoTf'PP) is used. Thi = new type of catalyst is

produced by imprc/mation of active carbon with a solution of

CoTMPP followed by heat-treatment at 800°C in argon. In Fig. 10

are compared th~ ' ol zc.t i r~ curves of air electrodes with

heat-tre^t^c" CoTMPP and nur"? activ? carbon in 7 N KOF.

At -200 ieV vs. Hr/V^O the current density of the electrode with

1 eat-treated CoTOPP is 200 mA/cm'". During the beat-treatment

the compound CoTMi'P is thermally decomposed. It is shown that

the enhanced activity of the heat-treated catalyst is due to

the pyrolysis products of the chelate ring. The performance

of the air electrodes with the described catalyst is strongly

influenced by the temperature during the heat-treatment.

In Fig. 11 is presented the current density at constant

potential (-200 r:.V vo. Hg/HaG) as a function of the temperature

of the heat-treatment, which shows a broad maximum within

the range 400 - 90C°C. The same catalyst can be used also in

air electrodes operating in ? N NaCl (Fig. 12). The substan

tially improved performance is visible especially at high

c.d. (150 mA/cm2).

Fig, 13 shows the potential-time curves of air electrodes with

catalyst pur<- active carbon ond active carbon promoted ith

OoTYPP at constant c.d. (100 mA/cm ) in 7 N KOH. The long-term

performance of the electrodes was tested in a half-cell

arrangement. Th° working gas ir open air with it's normal

content of COj (without any purification). No change of the

electrolyte wbp undertaken throughout the test; constant

density of the electrolyte was maintained by adding water.

It is seen that the electrode with heat-treated CoTMPP shows

very stable performance during 8000 hours of operation.
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Another macrocyclic compound suitable for the preparation

of heat-treated catnlyst for air electrodes is cobalt-

tetraazaannulene (CoTAA). The operation of air electrodes

with this catalyst is sY own in Fig. 14.

In Fig. 15 are .juxtaposed the current-voltage characteristics

in 7 N KOK of air °lectrodes with 1 eat-treated CoTMPP-

catalyst and electrodes using an active carbon promoted with

5% platinum catalyst. It can be noted that the performance

of electrodes with catalyst based on heat-treated macrocyclic

compound is almost identical to that of electrodes with

platinum catalyzed active carbon. Moreover, this catalyst is

not sensitive to catalyst poisons, contrary to platinum.

The good electrochemical performance of the desribed electrodes

in KOI1 and in NaCl , their mechanical stability and their

lonp lifetime are a firm basis for their use in aluminium-air

batteries.
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Conference Paper

NEW METHODS FOR CHARACTERIZING OXYGEN DIFFUSION ELECTRODES*

F. Barz, R. Holze and J. Wlllsau

Institute of Physical Chemistry, University of Bonn

Oxygen diffusion electrodes are used in fuel cells and reac

tive metal/air batteries and may operate in chlorine-alkali

electrolysis cells very soon. In order to conduct the devel

opment of these porous electrodes purposefully, it is neces

sary to gain information by applying modern methods of inve

stigation. Three of them, the MOSSBAUER SPECTROSCOPY, IMPE

DANCE MEASUREMENTS and ELECTROCHEMICAL MASS SPECTROSCOPY

will be discussed in the following. Of course our presenta

tion cannot be complete.

I. MOSSBAUER SPECTROSCOPY OF FePc ADSORBED ON HIGH SURFACE

AREA CARBON ELECTRODES

Recently it has been demonstrated /l/, that the MSBbauer spec

troscopy can be utilized for studying the relationship of the

physical state and chemical characterization of FePc adsorbed

on high surface area carbons with the electrocatalytic activi

ty for oxygen reduction.

Applying ^--spectroscopy in the range of 10 to 100 keV it has

to be taken into consideration that the natural line width is

-13
extremely sharp: Ai>/)> is in the order of 10

* Contributed paper at the Second International Workshop on Reactive Metal-Air

Batteries (Belgrade), September 3-4, 198S, Belgrade, Yugoslavia
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The basic components necessary for MbBbauer spectroscopy are:

- recoil-free Jf-ray source

- absorber, containing the same kind of nuclei as the source,

- detector for af-quantums transmitting the absorber,

- drive system (in most cases applied to the source), which

allows to vary the jf-energy by the Doppler effect.

In principle the MbBbauer spectroscopy allows to detect the

hyper fine interactions between the nucleus and the orbital

electrons. The main hyperfine interactions and corresponding

effects are :

(a) electric monopole interaction (isomer shift)

(b) magnetic dipole interaction (nuclear Zeeman effect)

(c) electric quadrupole interaction (quadrupole splitting).

The study of the hyperfine coupling mechanisms is of great

significance regarding information about electron- and spin-

density distributions.

57
In the above mentioned FePc investigations Fe nuclei have

been used as source and as absorber. Fig. 1 shows the decay

5 7 57 5 7
scheme of Fe including the parent nuclei Mn or Co, in

a simplified form.

57
Advantageously, the Fe-system can be used at room tempera

ture. This is possible because of two facts entailing a rela

tively high probability of absorption: at first, the energy

difference between the ground level and the first excited

state (14.4 keV) is relatively low and secondly, the coupling

of the nuclear spin with the magnetic field at the site of

the nucleus is relatively strong.

57
Besides Fe, more than 75 isotopes /2/ have been used in

MbBbauer spectroscopy experiments, but in most the cases tem

peratures are necessary, which are far below the range of in

terest of electrocatalysi s .

The FePc-carbon samples were prepared by dissolving FePc in

pyridine and adding carbon in small quantities to the solu

tion in an ultrasonic bath. For the two experiments reported

here, the solvent was removed by evaporation under vacuum or
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boiled off at about 85°C, respectively. Finally the samples

were dried by heating in a quartz tube under continuous flow

of He, H2 or a mixture of both. In general the samples trea

ted with H2 showed a better stability in the electrochemical

operation than those heated under inert gas flow.

The MdBbauer spectra of two identically prepared samples of

15 % w/w FePc on XC-72 (Cabot Co.) can be seen in Fig. 2a,

one sample being treated with He at 420°C (curve A) and the

other with H2 at 420°C(curve B). The spectrum of the He trea

ted sample shows two clearly defined doublets: the inner

(smaller) one can be assigned to 57Fe in FePc interacting "in

some fashion" with the carbon support, and the outer doublet

57
to Fe in bulk monomeric FePc. A similar spectrum is ob

tained for the H- treated sample, but this contains additio

nal lines which indicate the existence of metallic Fe parti

cles of at least 50-100 8 diameter.

Fig. 2b presents the spectra of two samples treated in a He

atmosphere (curve C) and a H^ atmosphere (curve D) at 420°C;

the pyridine was boiled off at 85°C before, in contrast to

F i g . 2a .

Both samples show a pronounced inner doublet and a (very)

weak outer one, reflecting a stronger interaction between

the FePc and the substrate and a much smaller amount of cry

stalline FePc in comparison to the sample of curve A in

F i g . 2a.

In order to correlate the results obtained by MSBbauer spec

troscopy with the activity for the electrochemical reduction

of 0- the potential was measured vs. the current density in

9M NaOH solution at 85°C for samples corresponding to curve

B in Fig. 2a (H2, 420°C) and curve D in Fig. 2b (H2, 420°C, py

ridine boiled off at 85°C). The results are shown in Fig. 3

and demonstrate a higher activity of the sample containing

a high amount of crystalline FePc and a small amount of FePc

interacting with the substrate. Furthermore the same sample

showed a faster recovery of the potential upon interruption

of the current.



The main and more general statement resulting from these In

vestigations is, that the electrochemical activity can be

associated to a great extend with the bulk dispersed mate

rial and not with adsorbed species in monolayer form.

II. IMPEDANCE MEASUREMENTS AT POROUS OXYGEN ELECTRODES

Because of the high active surface area and the complex struc

ture of porous electrodes the impedance technique is the only

electrochemical method by which an extensive set of kinetic

data and some information about the structure of the electrode

can be obtained. Other methods - if applicable at all - supply

few details only. In recent years several authors /3/ report

on the effort to apply the impedance technique to porous oxy

gen electrodes.

In our laboratory at the Bonn University the impedance of oxy

gen/air electrodes as used in fuel cells and reactive metal/

air batteries has been investigated in the range of 1 mHz to

10 kHz /4/. The electrodes were prepared as teflon-bonded car

bon or platinized carbon gas diffusion electrodes. The measure

ments were performed in a potent i ostat i c three electrode arran

gement, a Solartron 1172 Frequency Response Analyzer being con

nected to the potentiostat (Wenking PCA 72 M). The amplitude

of the sinusoidal voltage was 5 m^eff The results were plot

ted directly in the complex impedance plane by an HP 7035 XY-

plotter. Besides of this, frequency, real and imaginary part

of the impedance were stored on punch cards and evaluated by

an appropriate program on the IBM 370/168 computer to give the

electrolyte resistance and the double layer capacitance.

The cell was made of lucite, its dimensions were about 5x5x7

3
cm . The wall at one side was prepared to place an oxygen

2
diffusion electrode of 1 cm surface area, exchangably. A sa

turated calomel electrode was used as reference electrode. The

surface area of the counter electrode (Pt, cylindrical shape)

2
was 24 cm . The electrolyte was either a 3M NaCl or a 6M KOH

solution.
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In Fig. 4 the equivalent circuit after Drossbach /5/ is depic

ted, which contains impedance el ements representing the steps

of the oxygen reduction.

Fig. 5 shows the experimental impedance plots of a teflon-

bonded C(Pt) electrode (prepared of 20% w/w Pt-carbon, He-

raeus), fed with air in 3M NaCl solution. The size of the

curves decreases with increasing current density in accordance

with the decreasing slope dU/dl in the original U/I plots.

2
The analysis of the impedance curve for j = 20 mA/cm yields:

R = 30 miicm2 }' - 425 mA/cm2

2
Cdl = 2.2 mF/cm

Rad = 160 milcm2 cad " 130 mF/cm2

Zd(02) = 1.11/lcm2 Zd(0H') = 0.5-ftcm2

The numbers for R t (and hence j ), -j , Rgd and cgd do not

change with the current density applied (up to 50 mA/cm ),

whereas the diffusion impedances Zj'decrease significantly

with increasing current density, according to the theory of

the Nernst diffusion layer.

2
Under a constant load of 25 mA/cm the double layer capacity

decreases by about 30% and the exchange current density by

about 25% within 90 hours of operation. Besides a corrosive

attack of the catalyst by the oxygen reduction products, the

degradation of the performance of the electrode is partially

due to nitrogen blanking. This follows immediately from the

partial recovery of the electrode, obtained by feeding the

electrode with pure oxygen for a short time (removing the "ni

trogen bl ankets " ) .

Fig. 6 shows the experimental impedance plots of an active

carbon electrode (prepared of Norit BRX active carbon) in 6M

2
KOH solution. From the curve for 20 mA/cm we obtained:

R . = 58 milcm2 j = 220 mA/cm2
ct o

crfl = 9.4 mF/cm2

Rad = 150 m-ftcm2 Carf = 340 mF/cm2

Zd(02) * 1.13 Jl cm2 Zd(H02> = 0-17 J7cm2
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The slope dU/dl computed from the impedance plots turned out

to be in good agreement with the numbers directly obtained

from the corresponding U/I plots. This corroborates the qualit

y of the equivalent circuit used as well as the feasibility of

the experimental technique.

So far, we can state the following results obtained by our

impedance analysis:

In the case of teflon-bonded electrodes, the loss of activi

ty for the oxygen reduction with time runs parallel to a de

crease of the active surface area, which is due to nitrogen

blanking, corrosion of the supporting carbon and a decrease

of the platinum surface area in the reaction zone of the po

rous electrode.

For C(Pt) electrodes the charge transfer and adsorption re

sistance (Rct and Rad) are relatively small in comparison

with the diffusion impedances of oxygen and the correspon

ding reduction product. Taking the "real" surface area of the

electrode into account, the excahnge current densities are

relatively high, probably due to a remarkable amount of H^O^

production at carbon as well as at platinum.

Variations of the fabrication procedure of the electrode

(platinum loading, teflon content, pressure, drying tempera

ture) show significant influence on the kinetic parameters.

The results can be fitted into a working model of these elec

trodes /4/.

In alkaline electrolyte solution the charge transfer resis

tance of the active carbon catalyst is comparable with that

of C(Pt); in neutral electrolyte these electrodes are less

effective due to the low, pH-depending activity of the ac

tive carbon. The relatively high exchange current density

in alkaline electrolyte, together with the surface concentra

tion of the reaction products, which can be calculated from

the diffusion impedance Z^HOjj), confirm the assumption that

the primary. reduction product is HOj which decomposes to

water and oxygen.
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III. ELECTROCHEMICAL MASS SPECTROSCOPY

Investigations of electrochemical reactions involving vola

tile intermediate or final products allow the on-line appli

cation of mass spectroscopy /6/. The key of this method is

a gas diffusion electrode through which the volatile parti

cles enter the inlet of the ionization chamber of the mass

spectrometer. By this means the mass intensity of a special

product can be studied during a cyclic voltammogram or as a

function of time.

The porous electrode which may consist of active carbon, pla

tinized carbon or porous platinum e.g., is mechanically sup

ported by a glass frit covered by an appropriate teflon mem

brane. A screw cap technique has been develloped in our group,

recently /7/, by which the disc shaped electrode can be ex

changed very easily; now it is also possible to use technical

type electrodes.

The principal applicability of this method could be demon

strated by evolving hydrogen at a porous platinum electrode

and recording the corresponding mass intensity: the mass sig

nal turned out to be perfectly proportional to the production

2
rate, given by the current density, up to 8 mA/cm .

The response of the mass spectrometer to a change of the cur

rent at the electrode is rather fast. A given hydrogen signal

intensify of the mass spectrometer I drops down to the frac

tion I /e after :
o

a) T,« 50 ms , if the current at the electrode is switched

2 2
very fast from -2 mA/cm (cathodic) to +15 mA/cm (anodic),

b) T?= 600 ms , if the hydrogen evolution is just terminated

by stopping the cathodic current.

Tj represents the time needed for diffusion from the vacuum

side of the electrode through the teflon membrane into the

mass spectrometer, and T? the time for diffusion from the

inner parts of the electrode into the mass spectrometer.

Consequently, taking cyclic vol tammograms with scan rates of

5 to 10 mV/s and plots of the mass intensity MI versus the

potential if , the delay of the mass signal is only 3 to 6 mV.



ng_. 7 shows M 1 22 / V plots of a platinized and an active car

bon electrode in 1M KOH and 0.5M H2S04, respectively, both

electrolytes being saturated with oxygen. The plot presents

the rate of oxygen (mass 32) passing the electrode as a func

tion of the varying potential. As expected, the different ac

tivities for the oxygen reduction show up very pronounced.

The different reaction mechanisms of the oxygen reduction at

C(Pt) and active carbon can be demonstrated easily by an in

direct method (c.f. Fig. 8.) . Using 1M KOH saturated with oxy

gen and applying a potential of 750 mV/RHE, the mass (32)

signal runs along the noise level as the oxygen diffusing

from the interior of the electrolyte to the electrode is com

pletely reduced. Then, raising the potential to 1100 mV/RHE,

the oxygen signal shows remarkably different behavior for

C(Pt) and active carbon:

- in the case of C(Pt) the oxygen signal grows continuously

within a few seconds to the steady state level of the maximum

rate of oxygen passing the electrode, whereas

- in the case of active carbon the mass (32) signal over

shoots this level significantly for a short time, indicating

that there is an oxygen reduction product (HOj) created at

750 mV/RHE and oxidized to oxygen again at 1100 mV/RHE, thus

enhancing the oxygen mass signal immediately after the poten

tial step.

Fig. 9 presents the potential dependent production rates of

C02 (MI44^ and C0 (MI28^ for C(Pt) and active carbon. In the

case of active carbon the CO,, signal starts to raise from the

noise level rapidly between 900 and 1250 mV/RHE. The CO sig

nal behaves similar, but it is much lower. In the case of

C(Pt) there is no CO production and the CO^ signal shows two

distinct peaks at about 800 and 1050 mv/RHE, before the pro

duction rate accelerates markedly at 1250 mV/RHE.

Further cycling of the electrode between- 125 and 1250 mV/RHE

does not only decrease the intensity of both the peaks at

800 and 1050 mV but also the activity for hydrogen produc

tion. Both effects were experimentally found to occur in a
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linear relationship to each other /7/. Because of this and

as the CO^ peaks show up in the case of C(Pt) only, the pro

cess related to the CO^ peaks was interpreted as the oxida

tion of carbon next to the platinum catalyst grains /7/. By

this effect the mechanical and hence the electrical contact

between the platinum particles and the carbon support might

deteriorate or even get lost, so that the catalytical ly ac

tive surface area would decrease.

The three methods roughly outlined in this contribution de

monstrate, that there is a variety of methods for investiga

ting and characterizing oxygen diffusion electrodes - tools

which are necessary for further improvement.
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Fig. 5

Impedance plots of an air

fed teflon-bonded C(Pt)

electrode in 3M NaCl, for

current densities of:

5, 10, 20, 30, 50 mAcm
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Fig. 6

Impedance plots of an air

fed teflon-bonded active

carbon electrode in 6M

KOH, for current densities

of: 5, 10, 20, 40 mAcm'2
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Fig . 7

O^-mass intensity MI in mV as a function of potential f 1n

mV/RHE, for a platinized and an active carbon electrode in

1M KOH and 0.5M H2S04, resp.; electrolyte saturated with 02;

scan rate: 6.25 mV/s
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