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II jyrOCJIOBEHCKH CHMn03HJYM

O XEMHJH H TEXHOJIOrHJH BJIAKAHA H TEKCTHJIA

H3BOJIH CAOniUTEIBA





CEKUHJA A. XEMHJA H TEXHOJIOrHJA BJIAKAHA

A-l. HH>KEH>EPCTBO BJIAKAHA —• PA3B0JHE TEHJJEHUHJE

Bela vonr Falkai

Bayer AG, Dormagen

y yBOAHOM flejry pa#a ruts je AefpHHHHHja nojjwa mcKeitepcTBa BJiaKHa.

YKa3yje ce aa OBaj bha HHH<eH>epcTBa, koj'h npeflcraBJba cmrreay (pH3HKe nojiH-

.wepa h nporjecHe TexHHKe, h no3HaBaH>e npHMeHe BJiaKaHa ca ejieMeHTHMa npoH3-

BoaH>e TeKCTHJia OMoryhaBa HCTOBpeMeHO paqHOHajiH3aimjy npoH3B0flH>e BJiaKaHa

h flo6Hjaae BJiaKaHa noTpe6HHX KapaKTepHCTHKa. Ochm Tora, pa3AiaTpajy ce

npaBUH pa3Boja nojeflHHHx Bpcra xeMHjcKHX BJiaKaHa h Kpo3 eKcnepHMeHTajiHe

nOAaTKe KOAieHTapnury nocTHTHyrH pe3yjiTant h wioryha OMeKHBaaa.

A-2. BPEJOHOBAIbE KBAJIHTETA flOMATiHX BYHA HA OCHOBY nO-

HAIIIAH>A nPH nPABbY H ^EDUbABbY

M. JoBaHOBHh, jK. JOBaHOBHh, C. ^CHBKOBHh H C. CTO)KOBHh

BynapcKU UHciuuiuyui „Bymvt", JlecKoecm u „JIecKOuieKc" Jlecxoeaif

Y npBOM Aejry paaa H3jia>Ky ce pe3yjrraTH HcnHTHBa&a noHamaH>a AOMahe

ByHe KJiace la, lb h Ha npn HHAycrpHjcKOM npaay h yrauaj ycnoBa npaaa Ha

KBajiHTer oupaHe ByHe. Y flpyroM aejry paga npHKa3aHH cy pe3yjiTaTH HcrmraBaBba

yciOBa Bjiaqeita h qeiuj&aifca h anxoBor ynmaja Ha KBarraTer MeuutaHe Tpane.

YcTaHOBJbeHO je a» AOMaha ByHa 3axreBa cneuHcpHiHe ycjioBe npaaa, BjiaieHba

h Meuj-baita .

A-3. HCIlHTHBAftE MOrYTiHOCTH CYnCTHTYUHJE HEKHX

HHOCTPAHHX BYHA CA .HOMATiHM CA nOJXPYMJA CP MAKEJJOHHJE

M. BaKanoBCKa h K. JLyrweBa

TexHOAOtuKU (fiaKyjiiueiu, CKoiije

HcnHTHBaHe cy ByHe npBe h Apyre Knace ca nc-Apy^ja CP MaKeAomije h

HeKe HHOcrpaHe ByHe ca cjihmhhm KapaKTepHCTHKajvia. IlpH TOMe cy OApef)HBaHH

hckh HajKapaKTepHCTHiHHjH <pH3HMKH h xeMHjcKH napajvieTpH. Pe3yjiTara Koje

cmo ao6hjih noTBpr)yjy Haury npeTnocraBKy 3a iworyfcy cyncTHTyuHjy.



A-4. nPHJIOr TEOPHJH AJIOA-BETA TPAHCOOPMAHHJE Y

BYHEHOM BJIAKHY

R. JaKiiiuh

BT03JJ TeKcuiuAHa iuexHonozuja, Jby6jbana

IlpoMeHe Ha peHareHorpajviy ByHeHor BJiaKHa Koje Hacrajy y npouecy pacre-

3aH>a TyMa^e ce Kao npejra3 ajKpa ofwrnKa KeparaHa y 6eTa-o6jiHK. MetjyTHM, OBa

TeopHja He Monte oSjacmiTH MexaHH3aiw npejia3a npHMapmtx arperaTa (npo.in-

(pHOpmia) y Ha6opaHe ruio<ie H3 Kojux je o6pa30Ban 6eTa-KeparaH. Ilpeajiawe ce

flpyrainje TyjviaieHbe npojweHa Ha penureHorpaiviy ByHeHor BJiaKHa y npouecy pa3-

Te3aH>a. npeTnocTaBJba ce aa je 6eTa-o6jiHK Beh npHcyraH y HaTHbHOM ByHeHOM

BJiaiary h, y npouecy pacre3aH»a noBehaH je creneH opnjeHTauHje, uito HMa 3a

nooieflHuy noBehaae HHTeH3HTeTa eKBaTopHja^He pecpJieKcnje Ha 0,465 nm Koja

je KapaKTepHCTH'iHa 3a 6eTa-o6jnu<. Ochm Tora, Moryhe je aa ce aeo 6cTa-i<epaTHHa

y npouecy pacresauba o6pa3yje H3 MaTpHKca. OBa npemocTaBKa HHje y cynpoT-

HOCTH ca pe3yjrraTHMa Mepeite creneHa KpHcrajiH^HOCTH no flBeAia pa3iiHwrnM

MeTOuajvia. JeaHa je 6a3npaHa Ha eKBaTopnjajraoj pe(})jieKCHjH Ha 0,98 nm i<oja je

3ajeaHHqKa 3a aji(pa 6eTa-o6jnu<; aok je apyra 6a3npaHa Ha 0,465 nm Koja je

KapaicrepHcnmHa 3a 6eTa-o6jmK h Ha MepnauoHanHoj pecpjieKcnjit Ha 0,514 nm

Koja je KapaKTepHCTHTOa 3a Eui(pa-o6jiHK KeparaHa. OSe MeToae aajy ripaK-nniHo

jeaHaK creneH KpHcrajniqHOCTH.

A-5. nPHMEHA CHJIA3HE nAnHPHE XPOMATOrPAOHJE 3A KOH-

TPOJIY KBAJIHTETA BYHE

Jb. Mjia^eHOBHb, C. Jlajuiuh h JX- MhjbkobhH

BynapcKU uncuiuiuyiu „Bynu/i", JlecKOsaif u IIpupodHO-MaiueMauiuHKu ^aKyAtueiuu

y Eeoipady u Hobom Cady

HcnHTHBaHe cy pyHCKe HeourreheHe h TaoatiKe HeouiTeheHe h ourreheHe

ByHe aoiwaher nopemia jeaHoaHMeH3HOHajraoM ciuia3H0M namipHOM xpo;waTorpa-

(pnjoM. KBajiHTaraBHa h KBaHTHTaTHBHa aHajiH3a xnapoJiH3aTa ByHa yKa3ajia je

Ha MoryhHOcr npmweHe OBe MeToae 3a KOHrpojiy KBajiHTCTa h creneHa ouiTeheH>a

ByHe. FIoKa3aHO je aa nocToju ao6pa noBe3aHOCT H3iwer)y (JjHHohe BJianaHa, kao

yo6nqajeHor noKa3aTe^>a KBEUiHTeTa ByHe, h caapn<aja nojeanmrx aMHHOKHcejMHa.

IlpoMeHe y caapHtajy aMHHOKHcejiHHa iwory aa nocjiywe Kao Mepa creneHa ouiTe-

heaa ByHe H3a3BaHor aejcTBOM nojeaHHux areHaca.

A-6. HCnHTHBAH>E flEOOPMAHHJE BYHE H YTHUAJA CAJ],P>KAJA

KOPTEKCA HA KOBPUABOCT BYHEHHX BJIAKAHA

J. Tojiywa

COyP — YTM, Capujeeo

HcnHTHBaHa je ejiacTHiHOCT na HCTe3aH>e h npuracaK Koa Bynejinx BJianaHa

yB03Hor h aoinaher nopeKJia Koja Hiwajy npH6jrn>KHo ncry (pHHohy BJianaHa. Hero



C 7

TaKO BpmeHa cy HcruroiBaifca caapwaja opTo h napa — Kopercca, Te Me^yhejiH^iHe

cyncraHimje y nonpeiHOM npeceny BjiaKana. Ha ocHOBy H3BpiiieHHX HcrnrrHBaH>a

aouijio ce no 3aKJby*iKa aa yB03He ByHe y oflHOcy Ha flOMahe ByHe HAiajy 6hthc

paaraKe y crpyKTypH, re je h 6hjio 3a oieKHBara Sojte <pH3Hm<o-MexaHHm<e

ocoCjure BJiaKaHa.

A-7. nPHMEHA I1JIAHHPAHHX EKCIIEPHMEHATA H AHAJIH3E

BAPHJAHCE 3A nOBETiAKbE PEnPO^YKTHBHOCTH EKCIIEPHMEH-

TAJIHHX HCTPA>KHBAH>A

B. "ByKHh

„BucK03a", JIo3iiuifa

Il;iaHHpaHH eKcnepHMeHTH cBe BHiue Hajia3e npn«eHy y eKcnepHMeHTajnoun

Hcrpa>KHBaH>HMa. Ochobhh mctoa ko')u ce npn TOMe kophcth 3a TecTHpaite 3Ha-

iajHOCTH ecpeKaTa oaa6paHHx (paicropa h h>hxobhx HHTepaiamja je F-Tecr. Ocer-

jbHBOCT OBe MeTOfle, nopea ocrajior, 3aBHCH Ta™ocTH Mepeit>a ofl3HBHe bcjih-

miHe CHCTejwa, tj. rpeiiiKe eKcnepHJweHTa. IloKa3aHO je KaKO ce, npiuvteHOM

miaHHpaHHX eKcnepHMeHaTa y KojHMa yjiory (paicropa ,no6Hjajy HajBepoBaTimjH H3-

Bopn rpeuiKe eKcnepHMenTa, iwowe yTBpflHTH crpyrcrypa OBe rpeiiiKe. IloKa3aHO

je TaKo^e ioko ce, KopHiuheH>eM floSnjemix pe3yraTaTa, MOH<e oaaCpara TaKBa

orpyKTypa creapHMx eKcnepmweHaTa y Kojwvia ce nocTH>Ke 3HanajHO ciwaifceiie

ynynHe rpeiune eKcnepHMeHTa h noBehaBa yKyima ecpHKacHOcr eKcnepHMeHTairaor

pa#a. OBaj nocrynaK, ko)h je KopmuheH 3a HCTpa>KHBaH>e npoueca cpopjviHpaH>a

BHCi<03Hor Kopfla rana Super 2, Tammje 3a noBehaite TaraocrH iwepeiba nBpcrohe

npn KHflaH>y Kao og3HBHe (pyHKUHje CHcrejvia, MO>Ke ce iimpoKO npHMeitHBaTH y

Hcrrpa)KHBa»iKoj npancH.

A-8. HCI1HTHBAH>E E4>HKACHOCTH HEKHX HOBHX KATAJIH3A-

TOPA y nPOUECY CA3PEBA&A AJIKAJIHUEJiyJI03E

B. 'Bop^eBHh h A. rioHcien

„BucK03a"y JIo3Hutfa

PetpepHury ce pe3yjrraTH HcnnTHBaH>a etpHKacHOcra hckhx hobhx, jxo ca#a

HenpHMeibHBaHHX jeflHH,eH,a, 3a y6p3an>e npoueca MOJieicyjicKe flerpaaaunje uejry-

;io3e y BHCK03HOM nocryiTKy 3a npon3BOflH>y pereHepHcaHHX uejryji03HHX BJiaKaHa.

HcrorraHe cy BejwnnHe nejcrBa XHnpoKCHJiaMHHXJiopxnApaTa, XHapa3HHa, xnnpa-

3HHcyji(J)aTa, p-HHTpo<peHH-Txnnpa3HHa, (peHHjnxna30HHjyMcyji<paTa h a, a'-a30-6nc-

-H3o6yTHpoHHTpnJia, y nonpyqjy KOHneHTpannja oa 0,1 no 10% Ha canpwaj

u,ejryji03e y ajrKajinnejTyjio3H, y npouecy ca3peBaH>a ajiKajmuejryji03e npn koh-

craHTHoj TeMnepaTypH. YTBpr)eH je tok ca3peBan>a anKajinqejiyji03e 6e3 npncycTBa

h y npncycTBy oapetjeHiix KOjraqnHa cbhx HcnnTHBaHHX jeanH>eif>a, y Tony 24 h,

h KOHcrpyHcaHe cy onroBapajyhe KpHBe npoueca ca3peBan,a ajncannnejiyjiose. Koh-

craTOBaHO je aa anKanHnejiyjiosa ca3peBa Haj6p>Ke y upHcycTBy xnapoKCHJiaMnH-

xjiopxHjjpaTa, XHApa3HHa h XHapa3HHcyji<paTa, hciiito cnopnje y npHcycTBy p-HHTpo-

(j)eiBLTXHApa3HHa, a fla cpeHHJiflHa30HHjyMcyji(paT h a, a'-a30-6HC-H3o6yTHpoHHTpHji
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He noKa3yjy KaTajmnniKO aejcrBO y npouecy aenojmMepH3aimje u,ejiyji03e. H3

flo6H]'eHHX pe3yjrraTa H3BjrneH je 3aKJtyqaK aa npHMeHa obhx hobhx KaTajm3aTopa

Hjwa y nopet)eH>y ca npHMCHOM cojih Ko6ajrra hjih Mam-ana, a c o63npoM Ha cneim-

(J)iraaH tok npoueca ca3peBaH>a ajiaKJiHuejiyjro3e, oapel)eHe npaKTHqHe npeaHOCTH.

A-9. HCTPA>KHBAH>E nOCTYriKA nPOH3BOflH.E BJIAKHA BHCOKE

JAMHHE H3 KPATKOBJIAKHACTE EYKOBE UEJIYJI03E

C. Mopaia h J. Tarah

„HmfeA", Eatha Jlyxa

y paay cy aa™ pe3yjiTaTH Hcrpa>KHBaH>a nocrynKa npoH3BOflH>e ueji-BJiaKHa

BHCOKe jaiHHe H3 KpaTKOBJiaKHacre GyKOBe H,ejiyji03e ca caapaojeM x-qejiyjicrae

90—92%, ca noceSHHM ocbptom Ha ycjiOBe HcnpeaaH>a. YTBp!)eHO je aa BHiue-

creneHO HCTe3aH>e, ano je npoBeaeHo noa oapetjemtM ycjiOBHiwa h oaHocmvia

pe3yjrrapa 3HaiajHHM noBeha&eivi jaiHHe. flara cy KOMnapaTHBHH pe3y.TTaTH

(pH3HqKO-TeKCTHJIHHX KapaKTepHCTHKa BJIHKHa fl06HBCHOr y3 ynOTpeSy HeKOJIHKO

MOflH(J)HKaTOpa.

A-10. YTHUAJ BPCTE MOJ.HOHKATOPA HA IIPOUEC 4>OPMHPAH>A

H OCOBHHE BHCK03HOr KOPJ1A

B. "ByKHh

„BuCK03a", Jl03HUtfa

IIo3HaTO je aa ce y npouecy npoH3BOaH.e bhcko3hhx BJianaHa noSojBuiaHHX

(pH3HqKO-MexaHira<nx ocoSHHa KopHcre cneuHjajma cpeacrea Koja ce aoaajy bhc-

K03H h/hjih Kynanuiy 3a cpopMHpaH>e. OBa cpeacTBa HMajy 3ajeaHnnKH Ha3HB

MOflH(j5HKaTopH. tbnxoBa npmvieHa je, Ha npHiwep, o6aBe3Ha npn npoH3BoaH>H

BjiaKHa BHCOKor MOKpor Moayjia h BHCK03Hor Kopaa HTna Cynep. rioKa3aHO je

aa npoiweHa Moan(})HKaTopa y nponecy npoH3B0H>e BHCK03Hor Kopaa rana Cynep

3axTeBa ^HTaB hh3 npimaroljaBaifca apyrnx napaMerapa nponeca. noTBpJ)eH je

BejiHKH yranaj Bpcre MoaH(pHKaTopa Ha cTaBHjiHocT nponeca (popMnpaita h cpn-

3H^KO-MexaHHqKe ocoShhc Kopaa, noceCHO na qBpcrohy npn KHaa&y.

A-ll. CMAEbEKbE YTPOIHKA EHEPrHJE KO^ PErEHEPALtfiJE JIY^CHHE

KOJX nPOH3BO,n,H>E BHCK03E

C. npaGHheBHti, 3. YHrep, M. CyjbKaHOBHH h JI. 'BaKOHOBHh

TexHOAOiuKU (fiaKyAuieiu, Hoeu Cad, IlHciuuuiyui Codaco, Ty3Aa, TexHOAOuixit

tfiaKyAuieiu, Ty3Aa u CoAana, Yauuhj

PereHepaimja jtyroBa Kojn nnpKyjiHiiiy, BpuiH ce HcnapaBaifceM, H3flBaja-

H>eM cyjicpaTa h aorpeBaH>eM. Y OKBHpy Here TexHOJiorHje, aaT je npeaJior Tep-

MOKOMnpecHOHe pereHepaimje, Koja o6yxBaTa CBe HaBeaeHe cpa3e. YTpomaK eHcp-

raje je oko aBOCTpyrco iwaH>H oa nocrynaKa KojH ce aaHac CMaTpajy ao6pHM. Ilpo-

nec je pa3BnjeH y capaaifcH ca (pnpMOM LURGI .



A-12. PA3BOJ METOPE 3A BPEJJ.HOBAIBE 3AHAJBHBOCTH nPE^HBA

JJ. JonHfe, P. JoBaHOBHh h n. IlInyHApHh

TexHOAOWKO-MeiuaAyptuKU tfjai<y/iiueui, Eeoepad

V" paay ce nouuio oa cohobhhx noKa3aiejba 3anajbHBOCTH : BpejweHa npHXBa-

Taaa ruiaMeHa caropeBa&a, Hopeifca, caropejie noBpiiiHHe h oaroBapajyhe 6p3HHe

caropesa&a (kojh ce oapeI)yjy no T3B. BepTHKajmoM Tecry) h KHceommHor hh-

aeKca. OSe OBe MCToae cy ao caaa npiuaeifcHBaHe cajvio Ha aBoaHMeH3HOHajiHHM

y3opuHMa. KaKO je y Tony npon3BOaH>e BJiaKaHa HeonxoaHO HMara pa3pat)eH

Meroa kojh oiworyhaBa npaheaie ecpHKacHOcra oCpaae y BJiaKHy 6e3 noTpe6e 3a

npoH3BOflH>OM BehHX KOJiHHHHa AiaTepHjajia h 6t3 npepaae BJianaHa y roiOBe

npoH3Boae, npHCTyiubeHO je pa3Bojy jeaHe TaKBe MeToae. Pa3BHjeHa je Meroaa

Koja OiworyhaBa Mepen>e rope HaBeaeimx noKa3aTejba 3anajbHBOCTH Ha npeanBy.

Aleroaa je npoBepeHa Ha bcjihkoivi 6pojy y3opai<a h noKa3aHC je aa ce khccohhmkh

HHfleKc h ocrajiH noKa3aTejbH 3anaji>HBOCTH Mory MepHTH Ha y3opKy y oojiHKy

hhth oflHOCHO KpaTKor BJiaKHa, kojh je o6jiHKOBaH y enpyBery y3 nocTHrHyTy

aoSpy Ta^HOCT Aiepeita.

A-13. BHCK03HO BJIAKHO CMAHjEHE 3AnAJbHBOCTH

P. CTaHKOBHh

,,BucK03a-pa38oj" , Eeoepad

HciiHTaHO je cpeacrBO 3a cMaaeae 3anajtHB0CTH BHCK03Hor BKajiHa Sando-

flam 5060. noi<a3ajio ce aa OBaj ycnopHBay najteifca y o6jihk> ancnep3nje aoaaT

BHCK03H npe npean>a y 3HaTHoj iwepn cMaityje 3anajtHB0cr BJiaKHa. Taj e(peKaT

je nocTojaH npn npaity. OapetjeHa je onrHAiajiHa KOJiH*nma aaHTHBa h H>eroB

ynmaj Ha MexamMKe oco6nHe BJiaKaHa, 6ej/HHy h 6ojy. JlaTo je nopet)eH>e H3-

aieljy Sandoflam-a 5060 h tcmhhx ycnopHBa^a naji>eH.a Ha 6a3H TDBPP, hciihth-

BaHHX y HauieM paHHjeM paay. J^aT je KpaTan nperaea pa3Boja h caaannter craH>a

y OBoj oojiacTH.

A-14. MOryRHOCT nPOH3BOJlH>E nOJIHnPOnHJIEHCKHX BJIAKAHA

CMAH>EHE 3AHAJLHBOOTH

P. JoBaHOBHh, C. ByKBHh, n. IIlKyHApHh, M. MnnaHKOB h n. IUi<p6hK

TexHOAOuiKO-MeiucviypiuKU (fiaxyjiuieui, Eeoepad u HTEC Jlona Pu6ap, Oftaifn

Hcrrpa>KHBaHe cy iworyhHocrH h ycjiOBH npoH3BoaH>e nn BjianaHa cAiaH>eHC

3anarc>HBOCTH aoaaTKOM pa3HHX Bpcra aaHTHBa tcxhhkom onyapHBaita. IlocTynaK

3a HHAycrpHjcKO aoonjaifce nil BjraKaHa CMaH>eHe 3anajiHBOCTH je pa3BHjeH y

noroHHMa HTEC Jlojia Pn6ap, Onann. JIo6HjeHO BjiaKHO ce no (pH3HKO-Mexamw-

khm h TexHOJiouiKHM KapaKTepHCTHKaMa HHje JHaiajmije pa3HHKOBajlO oa He-

MOAHdmxoBaHor nn BJiaKHa. Khccohh^hh HHaeKC aoonjeHor BJiaKHa je BehH

oa 26,5.
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A-15. HCXIHTHBAIfcE nOCTOJAHOCTH OEPAJJE nOJIHnPOIlHJIEH-

CKHX BJIAKAHA nPOTHB 3AIIAJI>HBOCTH

C. EyKBHh, P. JoBaHOBHh h n. lIlKynnpHh

BFI 1089-3 Eeoipad, TexHOAOtuKo-MeuiaAypuiKU 0aKy.iuieui, Eeoipad u HTEC

Jlona PuSap, Oficum

E(j)eKTH 3aujTHTe TeKcnumor MaTepnjajia oa 3anajbHBOCTH, Ao6njeHH o6pa-

flOM TeKCTHJia, Mory 6hth HenocrojaHH, nojiynocrojami hjih nocrojaHH iijto 3aBHCH

oa HanHHa npHMeHe a/jHTHBa npoTHB 3anajbHBocm Kao h or Bpcre a^HTHBa. y

obom pajjy HcnHTHBaHa je npo.weHa KuceonjiMHor HHfleKca OI (Limiting Oxygen

Index — LOI) npe h nocjie xeMHjcKor ^Huiheita, npaita h BeuiTaiKor crapeiba

KOfl nojiHnpommeHCKor BJiaiaia cMaiteibe 3anajbHBOCTH, npoH3BeaeHor or HHzrycr-

pHje TeKCTHJia h CHHTeTHKa „HTEC— Jloiia PH6ap", Ouann. JJocmrHyTH hhbo ?a-

uiTHTe npoTHB 3anajbHBOCTH jt Bpjio nocrojaH (npojvieHe jwaite oa 0,7%) h npn

BHineKpaTHOM npan>y h xeiwHjcKOM MHinheiby Kao n npn /jyroTpajHOM BeuiTaMKOM

crapeity.

A-16. riPOyMABAH>E TOKCHMHOCTH nPO^yKATA CArOPEBAH>A

TEKCTHJIHHX BJIAKAHA

O. CrojaHOBHh, P. JoBaHOBHh, H. KoSnjiapoB, C. Manei-Hh, n. UlKyHflpHh

h 'B. KocaHOBHh

TexHOAOiiiKO-MeiuaAypuiKu ^anyAiueui, Eeoipad

IlpH TepMHWKoj pa3rpaflH>H TeKCTiuiHHX BJiaKaHa nojaBJbyjy ce pa3jm«iHTH

npoayKTH, a y 3aBHCHocrH on caMHx BJiaKaHa, Kao h oa ycjiOBa pa3rpaflH>e. Tok-

chihoct npoaynaTa pasrpaflHbe tckcthjihhx BJiaKaHa, y HajBehoj Mepn 3aBHCH op,

npncycTBa HCN, HC1, CO, NHs, H2S, SO2, a30THHX OKcnaa htj^. uito y bcjikkom

6pojy c.iyMajeBa 3aBHCH Ofl Bpcre h kojih^hhc npHcyraHX flo/jaTaKa. y obom pajjy

je ocBojeHa MeroAa 3a oaper)HBaH>e ca#p>Kaja racoBHrax npoayKaTa caropeBaaa

BJiaKaHa, h H3BpuieHa aHajiH3a Ha Beheiw Spojy pa3JiHMHTHx Bpcra BJiaKaHa. Ilo-

ce6Ho h flerajbHO cy H3BpuieHa Hcrpa>KHBaH>a tokchmhocth npo/jyKaTa caropeBaH>a

nojinnpomuieHCKHx BJiaKaHa ciwan>eHe 3anajbHBOCTH.

A- 17. BOJEHjE IIOJIHECTEPCKHX BJIAKAHA y MACH

JL Typi<ajb h K. Illnamih

TexHOAOuiKU 0aKyAweui, 3aipe6 u HHtfeA-IIoAuecuiep, Eawa Jlyna

y paj^y ce pa3«aTpajy nocTynuH 6ojeH>a y MacH: „i<oitneH3anHOHH" nocrynaK,

„HHjeKiiH0HH" nocrynaK, nocrynaK „cyxor" 6ojeH>a. CjmjeflH nperjicn hckhx cboj-

cTaBa 6oja, Koja oHe Mopajy nocjeaoBa™, jja 6h ce no o,nper)eHOM nocryrn<y ca

iiito BehnM ycnjexojw npHMjeHHJie 3a 6ojeH»e y iwacH. Ha Kpajy cy irano;iene npe/j-

hocth h Hcnocrann nocTyrrKa 6ojeH>a y iwacn y o/mocy Ha nocrojehe nccrynKe.
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A-18. OJIHrOMEPH V JIOMA'RHM PES BJIAKHHMA

P. HyHKo h J\. Patpae^H

Hncuiuuiyiu 3a iueKcuiuA u odjehy, TexnoAOiuKU (fiaxyAiueiu, 3aepeo

HHCKOMOJieKyjiapmi xomojicoh nojiHecrtpa — ojiHroMepn, npeivifla npncyTHH

y pejiaiHBHO iwajiHM KOjnmHHaMa (1,5—2%), Mecro y3poKyjy TeniKohe y npepafln

obhx B.ianaHa, na cy crora npefliweT SpojHHx Hcrpa>KHBaH>a, noce6HO y paflOBHMa

HOBHjer AaTysia. CBe BehoM npoH3BOflH>cm floiwahHX PES BJiaKaHa, nojaBHjia ce

narpe6a fla ce Taj npoSjiovi Hcrpa>KH h Ha floiwahHM BjiaKHHMa. FIpHMjeHOM jweTOfla

rpaBHMCTpHjcKe h UV-ciieK-rpocKoncKe aHajnrae, noje cy pa3par)eHe y HauieM jia6o-

paTOpnjy, o,nper)eHe cy kojihuhhc yKymnix h noBpuiHHCKHX ojiHroiwepa y PES

BjiaKHHMa MaKJieH h Eejinpa. HcnHTaHa je MHrpanHja ojinroiwepa H3 yHyrpauiH>ocTH

Bjianana Ha iberOBy noBpuiHHy 3a BpnjeMe nponeca xHflpoTepjvumKe o6pafle. Ytbp-

r)eHO je aa cy KOjiirarae yKymmx h noBpuiHHCKHX ojmroMepa y HcnnTHBaHHM

y3opu>uvia flowahnx BJiaKaHa (Eejrapa h MaioieH) y rparaqaMa KOJiH^HHa Kao y

BjiaKHHMa no3HaTHX CBjercKHX npoH3Bor)aiia CUnojieH h TpeBHpa). MerjyraM, npa-

he&e .HHrpairnje ojiHroiwepa H3 yiryTpauiH>ocTH BJiaKHa Ha noBpuiHHy noi<a3ajio je

Ha HcnHTHBaHHM y3opuHMa aa nocroje HHflHHHje o paajnraiTHM h H3pa>KeHHjHM

MHrpai^njcKHM npoflecHMa y flOMahmvi PES BjiaKHHMa.

A-19. HCnHTHBAH>E OPHJEHTAUHJE Y PETF OHJIAMEHTY

METOJ.OM IIU, CnEKTPOCKOnHJE

JX- Cy6orHh, M. PhcthIi h 3. rpyjnh

„MHifeA"-IIoAtiecuiep, Eana Jlyxa

IloBeha&e creneHa opnjeHTanHje y no.iHeTHJieH-TepecpTajiaHTHOM (PETF)

(pHJiajvieHTy npaheHO je noBehaitcM eKCTHHKHHje oflroBapajyhnx HU, nHKOBa. ITo-

.wohy HU, cntKTpocKonHje h Ha ocHOBy pe3yjvraTa paHHjnx paflOBa Tpa>KeHa je

Be3a H3Mer}y KOHcpopMairHje h KpHcrajiHTOOCTH. Tanorjep je TpanceHa 3aBHCHocr

H3Mer)y creneHa Hcre3aH>a h creneHa opnjeHTanHje PETF (j)HjiaMeHTa „EejiHpa".

A-20. KOPEJIAUHJA H3ME-BY c^HHCRE IIOJEflHHA^HHX HHTH H

KAPAKTEPHCTHKA nOJIHECTEPCKOr cj>HJIAMEHTA

J. EacrajaHMHh

„HMieA"-noAueciuep, Eawa Jlyxa

Y pafly cy HcnHTaHa <pH3F»n<o — TeKcmnHa CBojcraa (pHJiaMenra ca pa3-

HHyHTHM CpHHOhaiVia nojeflHHaTHHX HHTH, npHper)eHHX HCTOBjeTHHM yCJIOBHMa HC-

npeflaH>a h Hcre3aH>a. Cepnja pa3JiHHHTe cpHHohe nojeflHHaqHHx hhth npnpetjeHa

je npoMjeHOM cpHHohe (pHJiaivieHTa h npoMjeHOM 6poja OTBopa Ha ah3hh 3a Hcnpe-

flaH>e. Ochobhh UHJb pafla je npnnpaBa (pHJiaiweHTa pa3JiHHHTe cpHHohe nojeflH

HaqHHx hhth ca oflroBapajyhHiw ^hshmko-tckcthjihhm KapaKTepHCTHKaiwa, i<opHui-

TCH>eM HcnHTaimx obhchocth HeHcrerHyror h HcrenryTor nojin (eTHJTeHTepecpTajiaT-

nor) (pHJiaMeHTa.
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A-21. nPEYPETiEHjE MAUIHHE 3A TEKCTYPHPAH>E CA MATHETHHM

BPETEHHMA HA OPHKU.HOHO TEKCTYPHPAH>E

M. PhcthH, M. Tarah h Jb. IlyBaiHh

„MHtfeA"-IloAuecuiep, Bona JlyKa

Pa3Boj xexHOJiorHje 6p3or npeaeita nojieHcrepcKHx cpnjiajvieHaTa oworyhHO

je noBehaibe 6p3ime upeaeiba ca 1200 Ha 3000 ao 4000 m/min. Ep3nne TeKcry-

pnpaH.a 6nne cy orpamraeHe MaKCHiwajmo Moryhmw SpojeM oSpTaja BpereHa oa

800.000 obr/min. IlpHMjeHa cpphkhhohhx arperaTa oinoryhHJia je OBjije nc-Behaibe

6p3HHa TeKcrypHpaH>a 3 ro 4 nyra. IlocTojehe MauiHHe 3a TeKcrypHpaH>e Moryhe

je npeypeflHTH Ha cpphkuhoho TeKcrypHpaibe 6e3 Be^HKor yjiara&a npn H&niy

ce 6p3HHe TeKcrypHpaifca noBehaBajy 3a aBocrpyKO. OBflje je ormcaHo je;ufo

TaKOBo npeypeljeite ca MauiHHe SCRAGG SDS 2.

A-22. O^PE-BHBAHjE OnTHiMAJIHHX YCJIOBA H3BJIAMEH>A

CTAKJIEHHX BJIAKAHA

P. AjieKCuh h M. JaH^Hih

TexHOAOuiKO-MeiuaAypuiKu ifiaxyjiiueiu, Eeoepad

Yranaj nponecHHX npoMeHJbHBHX Ha HSBJianeibe craKJieHHX BJianaHa paBHO-

jviepHor npeiHHKa 3aBHCH oa Merc-ae H3BjiaMeH>a. Y obom pany KopmnheH je

MeTOfl H3BJiaweH.a H3 uiTana, a y intiBy etpHKacHOCTH eKcnepmvieHaTa KopnmheHa

je MaTeMaTHiKO-CTaTHCTHMKa oSpa^a pe3yjrraTa. PoTaTaSHJtHHM ruiaHoiw apyror

peaa floSnjeH je MaTeMaTHHKH moj^eji, npeno Kora cy KaHOHHTHOM aHajiH30iw np-

SnjeHH onTHMajmn ycjioBH H3Bjiaweita BjraKaHa.

A-23. YTHUAJ CTEnEHA HCTE3AH>A HA CBOJCTBA H CTPYKTYPY

TEKCTYHPAHOr nOJIHAMH.HA 6

P. C. JoBaHOBHh h A. B. Jlyinh

TexHOAouiKO-MeuiaAypuiKum$cu<yAuieui , Eeoepad

Hcre3aH.e je (pa3a, Koja o6e36erjyje cTBapaH>e (JjHJiaiweHTa oflpefjemix crpyK-

TypHHX h cpH3HMKO-MexaHHMKHx CBojcTaBa. npoivieHe cy npaheHe Ha nojmaMHfly

6 Hcre3aHH ca 3 pa3jm«iHTa creneHa Hcre3aifaa h TeKCTpyHpaHHM nponecoiw Jianoior

ynpe/iaifca. YTHuaj creneHa Hcre3aH>a npaheH je npeKO npoiweHe cpH3HKO-Mexa-

hhikhx cBojcraBa, HepaBHOiwepHocTH, BOJiyMHH03HOCTH, e^acTHMHOCTH, coprmnje

6oje, cpenite opHjeHTHcaHOCTH h creneHa KpHcrajiHOCTH. CTeneH KpHCTajiHocrH h

opHjeHTHcaHocr KpHcrairHHX no^py^ija o/iper)eHH cy pennreHCKOM mctoaom mnpo-

Kor yrjia. npoccma opHjeHTHcaHocr npaKa3aHa je npeno flBojHor npejiaMaH>a.
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A-24. ITPOMEHA CAHP5KAJA KPAJIfcHX TPYnA nPH nPOH3BOflH>H H

nPEPAUH nOJIHAMHJIHHX BJIAKAHA

P. JOBaHOBHh H JX- JOBaHOBHh

TexHOAOtuKO-MeiuaAypuiKu (fiaxyjiuieui, Eeoepad

CaAPHtaj KpajaHx Kap6oKcanHHX h aiwHHO-rpyna y nojHtaMHAHHM BjiaKHHMa

oApe^eH je htohhom Ao6Hjan>a h TexHOJiorajoM npepa^e, tsko p,a je koa paajm-

ihthx Bpcra BJianaHa paann^HT. Y3 to, nponecHMa HaKHaflHe nojiHMepH3aimje h

aecrpyKAHje A<>Jia3H no npoMeHe caapJKaja obhx rpyna tokom nojeAHHHX (p333

npepaae, Kojmta cy nojraaMHAHa BJiaKHa BsnoweHa. CTora no3HaBaH>e caApnraja

obhx rpyna, Koje cy oaroBopHe 3a xeMHjcKO pearoBaae nojmaMHAa, Kao h h>hxobc

nposieHe tokom nojeAHHHX cpa3a nponeca, MO*e a3 npy>KH 3HaqajHe HHCpopMannje

h o caMHM npouecHAia, Kao h o CBojcTBHMa KojHMa BJiaKHa pacnojia>Ky. 3a OApe-

l)HBaH>e caflpjKaja Kpaja>HX rpyna KopnuiheHa je Meroaa KOHAyKTOMerpnjcKe th-

TpauHje, Koja ce noKa3aaa HajnoroflHHjoM 3a oBe CBpxe. Caap>Kaj Kpajn>nx rpyna

HcnHTHBaH je Ha pa3Jin*nroiM Bpcraivia nojinaMHAHnx BJiaKaHa h nojiHMepa tokom

nponeca cymeaa.

A-25. YTHHAJ BPEMEHA CYIIIE&A nOJIHKAnPOJIAKTAMA HA

PABHOMEPHOCT OBOJEHE njIETEHHHE

H. X. Kopo, J. B. 3apaBKOBHh, M. n. IIonoBHh, B. M. "Bopnh h M. J.ToAopoBHh

,JIpuHuieKc" , npni3peH, 06pa3oenu ifemuap iuexcuiwiHe u KOotcapCKe cuipyKe, Eeozpad

u Hndycuipuja cuniueuiuuKiix uUkcwluahux BAaKona, IlpmpeH

HcnHTKBaH>a cy BpuieHa Ha imeTeHHHaMa Tuna mapiwec, caTeH h B&ryp H3-

pa^eHHXOfl(})HJiaMeHTanpoH3BeAeHor oa nojmKanpojiaKTaMa . HneTeHHHe cy Sojene

KHcejiHM 6ojaMa y Tpn HHjaHce h npaheHH yTHnajn pa3JiH*iHTHX napaMeTapa Kao

nrro cy BpeMe cymeaa nojinKanpojiaicraMa h KOHneHTpanHja 6oje, TeMnepaTypa h

BpeMe 6ojeH»a. IIoKa3ajio ce Aa HaBefleHH napaMerpH HMajy yranaja Ha paBHO-

MepHOCT o6ojeH>a Hapo^HTO Ha iuieTemiHH rana Benyp.

A-26. YTHHAJ BPEMEHA CYIIIEHjA nOJIHKAnPOJIAKTAMA H nAPA-

METAPA njIETEH>A HA KBAJIHTET njIETEHHHE

H. X. Kopo, 3. O. nacyn>H, M. JI. PaKHh n M. J. ToaopoBnh

yJIptoaiuKc" , flptupeH, Oopcuoenu ueHuiap\weKciu.uAHe u Kootcapcne cuipyKe, Eeozpad

u Hndyctupuja cuHtueiutmKux BAaxcMa, IJptapeH

HcriHTHBaHH cy yniuajH napaMeTapa njieTeu>a Ha nneTeHHHaMa Tnna mapMec,

careHH Benyp H3pa^euHx oa (pnnaMenTa, npoH3BeaeHor oa nojimcanpojiaKTaMa pa3-

.iHHHTor BpeMCHa cymeH>a Ha KBajnrreT njieTeHHHe. njieTCHHua je npon3BeAeHa

ca paanHMHTOM 6p3HHOM njiereH>a h 3aTerHyTomhy ochobc FIoKaaajio ce fla iia-

BeAeHH napaMerpH HMajy yTHnaja Ha KBajiHTer nneTeHHue. HcroBpeMeHo je koh-

TpOJIHCaH HHTe3HTeT H paBHOMepHOCT oSojeHHX H HCnHTHBaHHX njieTeHHHa.
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A-27. HOJIHAMHJXHA BJIAKHA Y HHJXYCTPHJH TEnHXA

B. MyjiaxoBHh

PO Tnaona Huaumq, IlAuya, Capajeeo

V' paay ce pa3MaTpa yncnpeSa nojmaMHflHHX BJianaHa (MA) y c-AHOcy Ha

apyra cHHTeTH*n<a BJiaKHa y npon3BO,nH>y Teimxa h TeKCTiuiHHX noflHHX oSjiora.

noce6Ha na>KH>a je nocBeheHa KapaKTepHCTHKaftia MOAHcpHKOBamix nojinawHAHHx

BJianaHa (flH(})epeHUHja;iHO o6o)hbh h aHracTaramKH ™iobh) Kao h BJiaKHa CMa-

H>eHe cnoco6HOCTH np-ibaita. Kpo3 eKcuepHMeiiTauHe pe3yjiTaTe AHCKyryje ce o6pa^a

Teniixa nporaB npjban>a h 3ana^>HBOCTH. TaKol)e ce HaBoae pe3yjrraTH yrauaja

KOHcrpyKqHje noAHHX oSjiora Ha HbHXOBy 3anajbHB0CT.

A-28. YTHUAJ HEKHX AJIHOATCKHX AJIKOXOJIA HA OGOBHHE

AKPHJIHOr BJIAKHA MAJIOH

B. MaHTOBCKa h f . neTpoB

TexHOMtuKu $aKyjiiueiu, Cnouje

MajioH BjiaKHo o6paI)HBaHO je boachhm pacTBopHMa MeTaHOJia, erHJieH-rjiH-

KOJia, nmuepHHa h 6yTaH-flHOjia OApel)eHHx KOHueHTpaHHja Ha paanHwriiM TeM-

nepaTypa»ia ca MOAyJiOM Kynanuia 1:15. CTaHAapAHHM MeTOAaiwa oflpetjHBaHe cy

MexaHHMKe ocoShhc, GojHBOcr h TepMHiio CTa6HJiHOCT o6pa^eHor BJiaKHa. Bepyje

ce KOfl o6paae flOJia3H 30 npecrpojaBaH»a y aiwopcpHUM noApy^jHAia y BjiaKHy

npH qeMy npou,ecH 3aBpuiaBajy Ha HHBoy HaAMOJienyjiapHMx TpaHc^opiviaHHja hjih

y aejiOBHMa Kojn noBe3yjy nojeflHHe ejieiweHTe crpyKType. Hat)eHO je 3a ce iwe-

xajnwKe oco6nHe 6htho He iweH>ajy aok nojeAHHH a^KOxojiH 3HaTH0 ynmy Ha

6ojHBOCT h TepiwHiKy CTa6HjraOCT.

A-29. MAKPOKHHETHKA TEPMHMKE flECTPYKUHJE nAH BJIAKHA

Jl. CnacecKa, 3. nerpoBHh h M. BaKajiOBCKa

Hncuiuuiyui OXMC-a y Cnoujby, TexHOAouiKU ^anyAuieui, Hoeu Cad u TexnoAoiuKu

(fiaxyjiiueui y CKoQjby

ynoTpe6oM pa3jiHMHTHx Mepraix TexHHKa TepMHHKe aHajiH3e, H3Bpmena je

MaKpoKHHeTHiKa aHa.'iH3a npoueca TepivumKe AecrpyKHiije nAH BjianaHa. nAH

BjiaKHo ca AecJ)HHHcaHOM „6HorpacJ)HjoM" TepMHiKH je TpeTHpaHO y TeiwnepaTypHOM

HHTepBany 03 25—400°, npn leiwy cy HAeHTHcpHijHpaHH kjkichihh khhcth^ikh

napajvieTpH npou,eca AecTpyKHnje h A^Ta MaTeiwaTHHKa peoiauHja npoueca TepMH^iKe

AecrpyKUHje nAH BJiaKHa.
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A-30. nPOYHABAH>E nPOMEHA y BJIAKHHMA y riPOUECHMA

KAPEOHH30BAH>A

II. niKyHflpufe, P. JoBaHOBHh, 111. ymhyMJiHh h R. HhkojihH

TexHOAOutKo-Meuia/iyfnuKu (fiaKynuieiu, Eeoepag

y npouecHAia aoGHjaaa yrjteHHMHHX BJiaioHa H3flBajajy ce craflHjyMH okch-

flaTHBHe h TepMira<e aerpaflauHje nojia3Hor nojiHjviepa h peaKunje Kap6oHH30BaH>a.

IlpoMeHe y nojeAHHHM CTaflHjyMHMa cy npaheHe nojviohy scanning ejieicrpoHCKe

MHKpocKonHje, ejieMeirrapHe h TepMorpaBHAierpHjcKe asamise. TepinoxeMHjao hh-

TepnpeTaimja h MaTeMaraiKe pejiaqnje, TepnumKe aerpa,nauHje nojia3Hor nojin-

Mepa h H>eroBor Kap6oHH30BaH»a aaTe cy Ha npuLwepwwa nojiHaKpHjioHHTpHjiHiix

k i)eayjio3HHX BJianaHa.

A-31. nPOy^ABABbE MOry-RHX XEMHJCKO-TEXHOJIOIUKHX

PEIIIEH>A 3A PErEHEPAUHjy, nPEHHIITRABAftE, yKJIAH>AH>E H

yHHIHTABAHjE TEXHOJIOIUKO OTnAjmHX MATEPHJAJIA y I1POH3-

BOflftH PES BJIAKAHA

II. IIlKyHApHb, P. JOBaHOBHh, O. CTOjaHOBHh H "B, KocaHOBHh

TexHOAOuiKO-MewanypuiKu (fiaKyA&eiu, Eeoipad

AHajiH3HpaHe cy MoryhHOcra peuieita npoSjieivia pereHepaiwje, ymiaibaiba huh

yHHurraBaH>a qBpcrax h tcmhhx oniaAHHx MaTepnjajia Kojn ce nojaBJbyjy y npoH3-

bojhdH no-THecrapcKHx BjianaHa. IloKa3aHO je aa je pereHepaunja h KopHmhe&e

ornaflHHx MaTepnjajia onTHiwajiHO pemeite h ca acneicra oqyBaH>a o-rnaflHHX MaTe-

pajajia h ca acneicra oqyBan>a chpobhhckc 6a3e h eHeprHje h oiyBa&a >khbothc

cpeflHHe. Me^yTHM, ca acneicra ckohomckc onpaBflaHocra nojeflHHHX peuie&a

H3.Ta3 Tpe6a TpajKHTH Kpo3 CTBapaH>e opraHH30BaHHx HHCTHTyHHja Koje he 3aje-

AHO ca 3aHHTepecoBaHHiw paflHHM opraHH3au.HjaMa paflHTH Ha npoSjiejviy hckoph-

iuheita TexHOjiouiKO-ornaAHHX iwaTepHjajia y npoH3BOflH>H chhtcthmkhx BjiaKaHa.



A B. MEXAHHHKA IIPEPAIJA BJIAKAHA

B-l. nPE^HOHH^KA HCTPA>KHBAH>A ynPE,HAH>A BYHEHHX

PErEHEPATA y TPEEEHAHE BV'HEHE nPE"BE

M. BoHueji>

TexHonoutKU tfiaxyAuieui , 3aepe6

ByHeHe ceKyHAapHe cnpoBHHe cy A«pHHHpaHe npewa h>hxobom. tcxhotkom

cacraBy h npeiwa h>hxobo)" TexHOJiouiKoj oopaAH. Flpejwa thai KpHTepHjyjwHMa cy

Te cupoBHHe nofleibeHe y icthph ochobhc rpyne — UIoah, TwSepT, MyHro h

Ajmana. IloMohy niTaneji AHjarpaiwa h npejiayKO-TexHojiouiKHX 3axrjeBa kojh cy

MjepoflaBHH 3a KOHcrpyKHjnjy rpeSeHaHHx ByHeHHX npel)a OApetjeH je nocroTaK

ohhx BJiaKaHa Koja cy ^Bpcro ynpefleHa y KOHCTpKUHjy thx npetja.

B-2. yTHUAJ nPOUECA nAPEH>A H BPEMEHA PEJIAKCAHHJE HA

nPOMEHy HEKHX OCOBHHA ByHEHE nPE*BE

C. IIIyaKa

Buiua iuexHUHKa uiKo/ia, Eeoepad

CTajma TeHneHUHja cbhx npeAHoioniapa je fla ce Aoonje npetja onraMamiHx

KBajiHTerHHX ocoSima. OcTBapeH>e Tor njuba je npe CBera yaioBJbeHO KOMiuieKCHHM

no3HaBaH>eM yTHnaja pa3JiHmiTHX napaMeTapa Ha BJiaKHa Kao ochobhc H3rpal)H-

Ba<n<e jeflHHHi^e npelje h h>hxobc TpaHccpopiwanHje y npet)y. y paay je HcnHTHBaH

yraqaj (Jme nape&a, Kao je^Hor oa napaMeTapa, Ha npojweHy hckhx oco6HHa

ByHeHe npet)e: nojaBy ycyKaBaH>a, npOMeHy caapwaja Bjiare, npoMeHy HanoHa h

H3flyH<eH>a h ap-

B-3. TEXHOJIOrHJA POTOPCKOr nPE^EBaA XEMHJCKHX BJIAKAHA

M. HHKOJIHh

BTO uieKctuuAHa iuexnoAoeuja, Jby6jbana

AHajiH3HpaHa je TexHOJioraja h TeniKohe, Ha Koje HaHjia3HMO koa poTopcKor

npeAeaa xeivuijcKHX BJiaKaHa. Ochm Tora pa3iwaTpaHe cy h MoryhHocra H>HXOBor

0TKJiaH>aH.a.
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B-4. nOBPUIHHCKA ABPA3HJA nAMY^HE TKAHHHE H3,HPA'BEHE OR

OE nPE'BE

C. MmiocaBjBeBHh, C. JlyKHh h T. Ta^Hfe

Textto.ioiuKO-MexuaAypuixu <p~axyAuieui, Eeoepad u Buiua uiexnuHKa

uiKOAa — iuexcuiuAHU odcex, Eeoepad

ria-wyMHa TKaHHHa H3pal)eHa ofl OE (open end) npe^e y imaTHO npeaneTajy

iixnoMteHa je xa6aiby pasjumHror HHTeH3HTera Ha „Ta6ep" anapaTy 3a xa6an>e.

4>H3HMKo-MexaHnqKa n MHKpocKoncKa npoy^aBaita y3opaKa H3a6paHHX nocne op,-

pe^eHe cpa3e npepaae yKa3ana cy Ha cMaiteifae H>HX0Be a6pa3HOHe OTnopHocrH

ca nporpecHBHOM xeAinjcKOM oopaflOM. TaK0l)e je yrBpl)eH yrauaj rana a6pa3HOHe

noBpuiHHe h rana a6pa3HOHor Hanpe3aH>a.

B-5. MATEMATHMKH MOAEJI MEXAHHMKE JJErPAJWJHJE Y 3A-

BHCHOCTH OJI OHHOTiE H HAnPE3AH>A OCHOBE

M. 3. HHKOjiHh, P. JLy6ojeBHh h M. MunojKOBHh

TexHOAOiuKO-MeiuajiyptuKu (fiaxyAuieiu, Eeoepad

VTHnaj napajweTapa npoijeca (J)opMHpaH>a TKaHHHa Ha ecpHKacHOCT npoqeca

h KBajmTeT roroBor npoH3BOfla, nrpa SHray yjiory yTKawKoj npoH3BOflH>H. ,11a

6h ce carjieaao Taj yraijaj, h H3BpujHJia oiiTHMH3au.Hja y oflHOcy Ha Hen36e>KHe

CHJie 3aTe3aH.a, noje y TOKy pa^a pa36oja AOBoae po CMaH>eH>a jaHHHe ochobc

h npeAcraBJbajy y3pon eBemyajiHe nojaBe npeKHfla h 3acToja y pajry pa36oja,

BpuieHa cy Mepeita cnjia 3aTe3aifca Ha KJiacHMHHM h 6e3HyHKOBHHM pa36ojHAia,

3a paairaHHTe dniHohe ochobc JtoSnjeHH pe3yjrraTH cy cpeljeHH nocraBjiaibeM

Box-Wilson-OBor /noaejia THna 22, qHMe je ycnocraBJieHa Be3a H3Mel)y iwexammKe

aerpaaauHje, Hanpe3aH>a h cpHHohe ochobc, npeKO MaTeiwaraHKor Mogejia KojH

OMoryhaBa njiaHHpaH>e eKcnepHMeirra.

B-6. CTYJUiJA 3ABHCHOCTH HAnETOCTH OCHOBE H

OH3HKAJIHHX CBOJCTBA nOTKE y TKAHdY

B. OpeuiKOBHh h J. Xa^HHa

TexHOAOiuKu cfjaxyAuieui, 3aepe6

TKanaHKH crpoj Picanol flOBeaeH je y hchhtho cTaibe 11 onpeMJbeH je Mje-

paqe.M ;ry>KHHe o#MaTaH>a h 6poja noTKH, nao h HaneTOCTH ochobc YTKHBaHa je

cepnja noTKH pa3He <J)HHohe, op Hajdwimje po HajrpySjbe. MjepeHe HaneTOCTH,

,iy>KKHe oaMaTafta ochobc, rycroha non<e h ochobc HauoH Ti<aH>a h ocrajie bc.ih-

HHHe, noKa3yjy pa ce HarierocT ochobc cra6Hjin3Hpa nai<on H3Bjcciror Gpoja

non<H Ha CBe bhihhm pa3HHaMa a y cmiaay ca noBehaiteM rycTohe iiotkc, npn

ie.My ce oflMaTarca h yrna^a CBe Beha ay>KHHa ochobc ,HpyrH ei<cncpHMeHT ca

pa3nHMHT0M CHpOBHHOM a HCTOM (pHHOhOM nOTKe, je nOI<a?aO A3 KpyhH H TBpt)H

.waTepHjai (naMyK) noTpa>Kyjt oa peryjiaTopa bhiuc ochobc ho BC3noj tomkh

Hero MeKuiH h noflaTHHjH ByHeHH MaTepnjaji. H OBflje ce peryjiaTop nop yTjeuajeM
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pa3jnraHTor yTKaita noaemaBa Ha BHiuy oahocho mmcy pa3HHy HaneTocra. Obhm

Hcrpa>KHBaHjeM je aoKa3aHO Aa ochobhh yBjeraH peryjiaTop He MO>Ke OAp»<aBaTH

KOHcraHTHy Hanerocr ocHOBa, ai<o ce Bapnpa ca (pHHohoivi non<e, Hero oh o6aBji>a

CBoj 3aaaTaK npmiaroljyjyhH ce noTpeSaivia yrKauba y Be3Hoj toikh.

B-7. MATEMATHHKH H TPAOHMKH MO^EJIH 3ABHCHOCTH

YTKABbA OJl ryCTHHE H OHHOTiE OCHOBE H nOTKE

M. Hhkojih&, P. JbyBojeBHh h 3. HHKOJiHfa.

TexHOAOiuKO-Me&aAyptuKu <p~aKy/iuieui , Eeoepad

TeopHjcKH H3pa3H 3a oflpel)HBaHje yTKaita ocHOBe h noTKe He o6yxBaTajy

y AOBOJbHoj Mepn yTHHaj (pHHohe ocHOBe h noTKe h rycTHHe TKaHHHe. 36or Tora

cy BpuieHa eKcnepHMeHTajnia HcnHTHBan>a, pa^H OApeI)HBaH>a yrKaiia, y3HAiajyhH

y o63Hp HaBeAeHe napajvieTpe. HaocHOBy eKcnepHAieHTajiHHX pe3yjrraTa nocraBjfceH

je HH3 MaieMaTHMKHx h rpacpHWHX MOflejia. Chctciviom ejiHMHHauHje OApel)eHa

je HajnoBO^HHja Meroaa H3paqyHaBaH>a yn<aH>a Ha ocHOBy peanHHX napaiweTapa.

b-8. nPHJior npoyHABAity cTPYKTypE pabhhx kyjihpahhx

njIETEHHHA

B. KojrymiHh

Butua iuexHUHna iukoaq, Eeoepad

JJa 6h ce H3pa*r/Ha^a jviaca KBaAparaor Merpa Hene jeAHOcpomypHe KyjinpaHe

imeTeHHHe, npeMa AOcaAamibHM Teopnjaiwa cy Smia noTpe6Ha qerapH ejieMeHTa:

xopH30HTajma h BepTHKa.THa rycrHHa ruieTeHHHe, Ay>KHHa noTpe6He npelje 3a (po-

Mnpaite jeAHe neTJte h cpHHoha ynoTpeo'.JbeHe npel)e H3 Koje je njieTeHHHa H3pal)eHa.

ITpeivia HOBoj TeopajH cacBHM er3aKTH0 je Moryhe H3pa«ryHaTH Aiacy KBaAparaor

Merpa Hene jeAHOcpomypHe KyjmpaHe njieTeHHHe no3HaBajyhH caiwo Tpn ejieMeHTa

no H30opy. Hero Taxo je Moryhe cacBHM er3aicrao H3paqyHara h qerBpra ejieMem

yKOjiHKo cy no3HaTa npeocrajia Tpn. Caj«o Ha ocHOBy no3HaBaa>a xopH30HTajiHe

h BepraKajme rycTHHe, Moryhe je npeini3H0 H3pa^yHaTH Ay>KHHy npel)e noTpeGHe

3a (popMHpaH>e jeAHe neTjBe jep je Ta Ay>KHHa cjio>KeHa (pyHKiuija xopH30HrajiHe

h BepraKajiHe rycTHHe njieTeHHHe. Obo je nocjieAmia 3ay3HMaH>a paBHOTOKHor

craH>a koa CBaKe ruieTeHHHe h to noA Ta^nio yTBpl)eHHM h AecpHHHcaHHiw 3aKOHHMa.

OBa pemeiia HMajy Banoie npHMeHe y npaKCH, a oa H3y3eTHor cy 3HaMaja 3a juuba

TeopeTCio Hcrpa>KHBaH>a.

B-9. YTHUAJ rEOMETPHJCKHX CBOJCTABA IIPE'BE HA OCOEHHE

H CTPYKTYPY nJIETEHHHA

C. MaTHh, P. JBy6ojeBHh h E. EeuiJiarHfe

TexHO/iouiKO-jueuiaAypiuKU <p~aKy/iiueui, Eeoepad u „HHiuepuAeut" , iuehciuujmu

KOM6tmaui, Epvno

Bpuieno je HCnHTHBaite reoivieTpHjcKHX KapaKTepHCTHKa npel)e 3a iuieTeiie.

HcnHTHBaH>e ocooHHe ruieTeHHHe H0Be3aHe ca KapaKTepHcraKaMa npelje Riuie cy
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crpymypHe ejieiweirre iuieTeHHHe. GrpyKTypHH napajwerpH iuieTeHHHe H3paH<eHH cy

noKpHBHHM (J)aKTopnjtta h KoecpHinijeHTHMa ruieTeHHHe. HcnHTHBaEba cy H3BefleHa

Ha ruieTeHHHaMa paajniqHTHX npeiuieTaja h cnpoBHHCKor cacraBa. HcnirraH je

ynmaj reoMerpHjcKHx CBojcraBa npelje h Bpcre npeiuieTaja Ha crpyKrypy h cooohhc

aneTeHHHe. YTBpIjeHa je Be3a H3Metjy CBojcraBa npetje h oco6HHa njieTeHHX

CTpyKTypa.

B-10. nOPE-BEftE nOHAUIAH>A nJIETEHHHA HSPA'BEHHX OR

KOHBEHUHOHAJIHHX H OE IIPE'BA

C. MHJiocaBjBeBHfe, T. Tannh h P. 5KhbkobhH

TexHOJiotuKO-MeuiaAypiuKU (fiaxyAuieui, Eeoepad

rLiereHHHe Hiaajy Bpjio H3pa>KeHy ckjiohoct Ka CKyiubaiby h ahctop3hjh.

YTBpIjeHO je fla Ta aHCTop3Hja npBeHCTBeHO nora^e op 3aocrajior oSpraor Ha-

npe3aH>a y npetjn. BamraHHa pBor Hanpe3ait>a 3aBHCH KoecpmurjeHTa ynpeaaH>a,

tpHHohe npelje h Bpcre BjianaHa, Kao h op HauHHa h HHTeH3HTeTa pejiaKcairnje.

Ilo3HaTe pasjiHKe y jawrai, BOJiyMHH03HOCTH h paBHOMepHOCTH, KOHcraTOBaHe H3-

Meljy npefja ca npcTeHacre npeamnme h OE (open end) npetja poTopcKor rana

nocTy>KHJie cy pa ce Hcinrra h>hxobo pejiaraBHO noHaina&e y ruieTeHHHaMa. ITpH

TOMe cy y OKBHpy CBanor rana npelje ynoTpeSjBeHe no ABe cpHHohe on. Kojnx cy

njiereHKHe H3parjeHe y no HBe rycTHHe, h H3Jio>KeHe nocrym<y cyBe h nocryiiKy

BJianme pejiaKcannje. ^oonjeHH pe3yjrraTH nona3yjy na npn aneKBaTHcj pejiaK-

cainijH OE npelje najy AiaTepHjajt no6por Hsraena, ca yMipemiM CKjTUbaaeM h

3aAOBOJbaBajykHM MexammKHM CBojcTBHMa, ajin na CBojcTBa imeTeHHHa HHcy

AnpeKTHo cpa3MepHa CBojcrBHiwa npelje h na, y BejiHKoj Aiepn, 3aBHce Ofl H>eHe

KOHcrpyianije.

B-ll. YTHIJAJ CTPYKTYPHHX ITAPAMETAPA HA HERE

<I>H3H*IKO-MEXAHHMKE OCOEHHE njIETEHHHE

C. Mamh h M. T>aKOBiih

TexHo/unuKO-MeuicuypiuKu (fiaKynuieui, Eeoepad

H3BpuieH0 je HcnHTHBaH>e crpyKTypHHX napaMerapa iuiereHHHe h (J)H3h*iko-

-MexaiiHHKHX ocoSima 3a onroBapajyhe mieTeHe npoH3Bone. HcnHTHBa&e je H3-

BCieno Ha ruieTeHHHaMa pa3jnmHTor cacraBa h npeiuieTaja papn yrBpljHBaHba 3a-

bhchocth H3Meljy KapaKTepHCTH^HHx napaMerapa (,zry>KHHe neTjte, KopaKa h bh-

CHiie neribe h fleojbHHe npelje) h hckhx diHSHHKO-MexaHHMKHX ocooHHa iuieTeHHHe.

jXo6HjeHa je (jjyHKHHOHaflHa 3aBHCHOCT H3Meljy crpyKTypHHX napaMerapa h noje-

jHHHx 6hthhx ocoSnHa iuieTeHHHe. YTBprjeHa je MoryhnocT npenBHljaH>apa3JiH-

ihthx ocoSmia iuieTeHHHe nojia3ehn op crpyKTypHHX napaMerapa h no3HaTHX

ocoGHHa npelje h iuieTeHHHe.
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B-12. MATEMATHMKH MOJIEJIH 3A TEOMETPHJCKE OCOBHHE TJIAT

nJIETEHHHE

C. MaTHfe, h P. Jby6ojeBnh

TexHOAouiKO-MeiuaAypiuKU (fiaxyAuieui , Eeoepad

Ha ocHOBy KapaKTepHcmKa npel)e h njiereHe CTpyrcrype o6pa30BaHH cy

jwaTejviaTHMKH moacjih 3a reoMerpHjcKe ocoSiiHe rjiaT njiereHHHe. MoaejiH njieTC-

miHe floSHjeHH cy KopHiuheH>eM ei<cnepHMeHTamiHx Bpe/moc™ oco6HHa npet)e h

BjianaHa h napaMerapa iuiCTeHe crpyicrype o,npet)eHHx Ha ocHOBy no3HaTHx H3pa3a

h eKcnepHMeHTanHHX BpeflHOCTH. OApef)HBaH>e KoecpHHHjeHaTa h KOHcraHTH H3-

BpmeHo je nyTeM perpecnoHe aHajiH3e.

B-13. OEHOMEH „y3HMAH>A HATPAr" BA5KAH <T>AKTOP KOA

OOPMHPABbA OHHUE

H. CTynima h M. Cp^an

BTO TexcmuAHa iuexHOAoeuja, Jby6jbana u Buiua uikoacl 3a uLeKciuuA u odjehy,

3aepe6

HoiHTHBana je nojaBa y npaKCH Marco no3HaTa: jxyjbime oinqe y iuieTHBy

je yBHjen 3HaTH0 AtaH,a op TeopeTCKe AyjfcHHe npef)e yTpomeHe 3a o6jiHKOBaH>e

o*inu.e y toikh njieTeH>a. KoHaHHa ayjtHHa OMHue y pejiaKcnpaHOM njierHBy obhch

o Ay6nHH KyjmpaH>a, yjia3Hoj HaneTOCTii npel)e, TpeH>y, oojiHKy cKperaHue h chjih

noBJiaqeH>a nnerHBa. IlpoMjeHe y ayjbHBH oume Koje cy yBjeroBaHe pa3JiHMHTHM

yjra3HHM HaneTOCTHMa nocjbeflHua cy npBeHCTBeHo (peHoyena „y3HMaH>a HaTpar".

3a HcnHTHBaae je ynoTpeojbeBa ByHeHa npetja, a eKcnepHMeHTajiHH y3opuH cy

H3pa^eHH nop, yjia3HHM HaneTOCTHMa op 3, 5, 6, 9, h 12 cN. Pa3Boj HaneTocra

y 30HH nnereifca H3pa*jyHaT je 3a pa3He yjia3He HaneTocTH c noMohy Eulerove

(popMyne T2 = 7ieutx. Ha hcth cy HawiH H3pa^yHaTe HaneTocm H3a3BaHe chjiom

Koja noBJiayH njieTHBO. TaKO cy AoSHBeHe flBHje KpHByjbe inje npecjeuHime

flaje nojio>Kaj MaKCHMajme HaneTocTH y 30hh njieniba. 3aKJby*mo ce HCTH»re,

pa AyjtHHa omtue Koja 6h Hacrajia H3 nente HCKyjmpaHe Ha Mjecry raje Hacrajy

MaKCHMajme HaneTocru, TeopercKH OATOBapa pyn>mm o^nine o6jauiH>eHe nojaBOM

„y3HMaH>a Hatpar".

B-14. YTHUAJ nAPAMETAPA nJIETEH>A HA BYHEHO HHTEPJIOK

njTETHBO

B. MajiHui, 3. BpJbHiaK h M. Cp^aK

nKpauiexc", Kpauuna, MTO TexHOAOuinu (fiaKy.iiueui, 3aepeu u BIIITO 3aepe6

Ha HHTepjioK crpojy H3pat)eHH cy eKcnepHMeHTajiHH y3opnn iuierHBa H3

ByHeHHX npelja Koje cy 6HJie Ha pa3jiHMHTe Hamme napacpronipaHe. H3 thx cy

npetja floGnBeHe pa3HOBpcHe CTpyKrype mieTHBa. npmntKOM H3paAe MHjeH>aHa je

Ay6nHa KyjiHpaiba h yjia3Ha HaneTocr 3a CBany npet)y. noBehame HaneTocTH
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o6aBHJio ce peryjiaimjoM CHcreMa 3a flOflaBafte nper)e, a npojvijeHa pyQaHe KyjiH-

pa«>a peryjiaroijoM CKperHHiia. HcnHTHBaae ce o^hochjio Ha MjepeH>e xopH30H-

TanHe h BepTHKaime rycrohe, yTpouma npel)e 3a o6jTHKOBafte jemie omme h

«ace jeflHor MeTpa KBaapaTHor ruieTHBa. npoMaTpana je pejiancauHja ruieTHBa y

BpeMCHCKHM HHTepBaiiHMa . H3 pe3yjrraTa HcrrHTHBafta iworjio ce 3aKJbymnn aa

y.ia3Ha HanerocT npetje 6htho yTje^e Ha npoiHjeiry crpyKType ruieTHBa. Bhhh ce

npo.MjeHa y BepTHKajmoj 36HjeHOCTH, a rawe h y ayjbHHH je;iH.e OHHue, sok ce

xopH30HTajiHa 36HjeH0cr 6htho He Amjeaa. IToBehaH>eM yiia3He HanerocTH nper)e

noBehaBa ce h Maca jeaHHime noBpiiuiHe. ToKHuiTe HcnHTHBaita je craBJbeHO

Ha npo.njeHy crpyKType ruieTHBa, a He Ha cpHSHKairHO-MexaiomKa CBojcrBa. AHa-

.iH3HpaH je yrjeuaj napaAierapa ruieTHBa Ha npouec pa#a h ckohomkhhoct npoH3-

BoaH>e.

B-15. nPHMJEHA JI.HMEH3HOHAJIHE AHAJIH3E KOR nOBJIAMEH>A

IUIETHBA

M. Cpr)aK

Buiua utKOAa 3a utexcwuji u odjehy, 3aepe6

JlerajbHO je aHajiH3HpaHa cana noBJiaqefta iuieniBa Ha crpojeBHMa raje ce

noBJiaiefte o6aBJba rmeyAiaTCKH. JJa 6h eKcnepHMeHT 6ho uito 6oji>e opraHH3HpaH,

a pe3yjiTaTH MjepeH>a yHHBep3ajmHjH npoBeaeHa je ;piMeH3HOHajiHa aHajiH3a nojaBe.

Ha Tejuejby norraca (pH3HK&nHHX BejiHMHHa Koje cyAjejryjy y eKcnepHMeHry ca-

craBJBeH je Behn 6poj 6e3AHMeH3HOHajiHHX it napainerapa, £uih cy 3a npaKTHmry

npHMjeiry ynoTpeojbeHa cawo Tpn: tzi, h tzs. Cnna noBjianefta ruieTHBa H3MjepeHa

je c noMohy Wheatstone-OBor Mocra, p,ok cy MHKpoMaHOMerpH nocjryHouiH 3a

Mjepeibe 6p3HHe crpyjafta 3paxa h nafla CTara^Kor Tjiana. HcnHTHBaHe cy Tpn

4y.T>HHe ruieTHBa h to y HecppKaHOM h (ppKaHOM crafty. Pe3yjrraTH noTBpljyjy aa

aula noBJiaqeita ruieTHBa ohtho obhch o /ryjBHHH h crafty ruieTHBa.

B-16. HEKA HCKYCTBA Y IIPHMEHH MAKJIEH BJIAKAHA Y

IiPOH3BO,HH>H TEI1HXA

M. TyuiKaH

HT ,JIpo.teuiep" , 3pen>aHUH

Pa3MaTpajy ce pe3y.TraTH noHauiafta aoftiaher nojiHecrapcKor BaaKHa AiaicieH

y npoH3BojftH TacpTHHr Tennxa. Y Ty CBpxy KopuinheHa je MemaBHHa 60%

MamieHa y 40% ueji B.riaKHa oa Koje je H3par)eHa nper)a 60 tex no nojryMeuubaHOM

cHCTeiwy npeAeita. IlpaheHO je nonauiafte OBe nper)e y H3paan racpTHHr Tennxa

pa3.TH«iHTHX KapaKTepHCTHKa (rycTHHe ocHOBe 3 1 ,5/ 1 0 cm h 39,5/10 cm h 6poja

yooaa 50/10 cm o^h. 43/10 cm). Chpobh MaTepnjaji je KoiwaflHO 6ojeH, uiHuian h

noaBprmT HcrrHTHBafty KBajiHTera. Kpo3 /nrcKycHjy noi<a3aTe;ba KBa-iHTera Tennxa

aaje ce oueHa noHaiuaiba MamieH Bjiaiaia y npOH3BOAH>H Termxa.
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B-P. CTABbE H PA3BOJHE MOrYTiHOCTH nPOH3BO,UH>E TEnHXA

M. MapTHHOB

MT „npOAeiuep", 3peH>anuH

Ilojia3ehH on noAaTana o npoH3BOAH>H Tennxa y CBery h TeHfleHUHjama

pa3Boja TexHOJioraja 3a itHXOBy npoH3BOflH>y y pa^y ce pa3MaTpa crait>e h pa3B0)He

MoryhHOCTH aojviahe HHflycrpHje TenHxa.



CEKIHIJA C. OIlJIEMEH>HBAH>E TEKCTHJIA

C-l. CABPEMEHH nPABUJH PA3BOJA TPAHCOEP-IUTAMnAH>A H

H>HXOB nOJIWKAJ y HAIIIOJ TEKCTHJIHOJ HHJiyCTPHJH

JJ. UoKHb H M. HoBaKOBHh

TexHOAOuiKO-MemanypuiKu fiaxyAiueui, Eeoepad u NITEX „PauiKO IJae/toeuh", Hum

TpaHccpep-urraAinaifee Beh hckojihko roAHHa CBe 3HaqajHnje noTBpl)yje CBoje

Mecro y uiTaMnaity TeKcrajra y CBery. CyGjiHMauHOHO urraMnaifce flOMHHHpa y

oBoj oGjiacTH TpaHccpep-uiTaMnaH>a ajiH 36or orpammeiba y H36opy TKaHHHa no;i-

CTaKJio je HcrpaHvHBaifca iworyhHocTH uiTaMnaaa TKaHHHa h on npHpoflHHX Bjia-

KaHa. Pa3BHjajy ce y noaieflH>e Bpewe h hobc MeTo^e oa kojhx Tpe6a Hcrahn m&ht-

-TpaHecpep, ({)HJiM-pejiH3 MeTo/jy, Meroay nperxoflHe o6paae i<ao h Meroay mh-

rpauHOHor TpaHapep-inTaMnaifea. y pa;ry cy pa3MaTpaHH TeopnjcKH KOHuenTH h

KapaKTepHCTHKe MCTOfla TpaHccpep-iuraMnaifca Kao h nojiowaj TpaHapep-iirraMnaifca

y HaUJOj TeKCTHJIHOj HHflyCTpHjH.

C-2. HOBA CPEflCTBA 3A ^OPA^y H H>HXOBE PEAKHHOHE KAPAK

TEPHCTHKE y OBPAUH TEKCTHJIHOr MATEPHJAJIA

Jl. IJoKHh, E. Hjinfa h C. MjiafleHOBHh

TexHOAOuiKO-MemanyptuKu (fiaKyjiiueui, Eeoepad Butua utexcuiuAHa vuKona, Eeoepad

u TexHOAOUixu (fiaKyAiueiu, Jlecxoeau

XeAUijcKa o6pa,na naiwyMHHx TKaHHHa h TKaHHHa or AiemaBHHa uoje caap>Ke

naMyuHa (uenyjic>3Ha) BJiai<Ha 6a3Hpa Ha hckojihko (pyHAaMeHTajiHHX xeMHjcKnx

peaKUHja. npoMeHe ocooHHa TKaHHHa Koje Hacrajy xcmhjckhm iwo/iHcpHKOBaifeeM

jwory jja ce oapaHOBajy ho3hthbho ajm hcto TaKO h HeraTHBHO. Ha nocTHnryTe

ecpeKre aopaae riopea xejvmjcKe KOHCTHTyipije ynoTpeSjbeHHx cpeAcraBa yraiy h

6pojHH (paKTopn Kojn Aejryjy y npouecy o6paae. y nocjieflH>HX hckojihko ro^HHa

nojaBKna cy ce HOBa cpczjcTBa 3a flopa^y inje he peaKUHOHe KapaKTepHCTHKe

TaKO^e 6hth HcraKHyTe.
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C-3. KEMHJIYMHHECUEHTHH E<t>EKT KAO nAPAMETAP OKCHJJA-

UHJCKE MOTiH KYnEJBH 3A EHJEJLEftE TEKCTHJIHJA

Buuia tueKCtuuAHa utexHUHKa iukoaci BapaotcduH, Mockoscku tueKctuuAHu Hhcuiuiuviu

u TexHOAOMKu (fiah'yjiiueui, 3azpe6

Mjepeita oKCHflaujijcKe MohH KyuejbH 3a SHjcbeibe TeKCTH.iuja KcnHJiy-

MHHeci^eHTHOM MeroflOM, kor pa^a npH pH 10,0 h 10,5, noKa3a^a cy ce bcomu

noy3AaHa. OBaj paa je npouiHpeH na ajiKaiiHo noflpyqje on pH 7 no 12,6, ko,h

pa3jiH*iHTHX TeiwnepaTypa y npHcycTBy jnajiHX KOjiHWHa Fe3+ h Cu2 HOHa. Pe-

3yjiTani yKa3yjy Ha Moryhnocr 6p3e KOiiTpojie caflp>Kaja nepoKCH.ua y npouecy

6Hjeji,eHja TeKCTHJinja.

C-4. CHHTE3A H HCnHTHBAH>E IIOTEHUHJAJIHHX OHTHMKHX

EJEJIHJIA

B. TpaJiHh-KyjieHOBHb, JI. Omuep-JaKHh h E. Kapajwan

y oKBHpy HcnHTHBaiba noTeHUHja.iHHX oiithmkhx GjeiiHJia cin;TCTH3HFanH

cy h HCiiHTaHH flo caaa HeoiracaHH cyncTHTynpaHH 2,5-6HC-(2-6cii3Tna30jiHJi)

cpypaHH (I), (R=CH3, OCH3, NO2). CHHJwaHH cy cneicrpH ancopnunje h (pjiyo-

pecueHTHe eiwHcnje y eTaHOjiy h ouTeHoj khc&jihhh h Mjepen je penaTHBHH hhtch-

3HTeT (J)JiyopecueHUHje OTonHHa pa3JiHHHTe KOHU.eHTpau.Hje Te aacopSaTa na nanwpy .

Hal)eHO je «a cnojeBH I (R=H, CH3, OCH3) (jwiyopecuHpajy h y cmhchohom

cneKTpy HMajy flBa MaKCHJwyiwa y Bajraoiw noapyqjy H3MeI)y 400 h 475 nm, aok

HHTpocyncTHTynpaHH cnoj (R=NOo), y CK.aa.5y c JiHTeparypHHM iio^anHMa o

yrjeuajy HHTpo rpyne, He noKa3yje (p;ryopecneHHHjy y otoiihhh.

C-5. YTJEUAJ KOHHEHTPAU,HJE OnTHMKHX EJEJIHJIA FA *JiyO-

PECUEHUHjy H EJEJIHHy ByHEHHX H nOJIHAMHJiHHX TKAHHHA

Y3opuH ByHeHe h nojiHaMHflHe nomine oSpa^eHH cy ca hcko.ihko pa3;iH-

*iHTHX THnOBa OnTHMKHX GjejIHJia npHMjeH.CHHX y IHHpOKOM KOHHeHTpailHjCKOM

noflpyqjy h to nocTynKOM HCH.pnjbeH,a h HAinperHamije. IIpHAijeHa iipci3ncoi<nx

KOHueHTpauHja Ky.wapHHCKHX h nHpa30JiHHCi<iix AepuBaTa y3poKyje nan Sje.iHHe.

KyjwapHHCKH ^epHBaTH noKa3yjy H3pa3HT0 KOHueHrpaimjcKO raiueibc cp/iyopcc-

ueHHHje flOK je KOHueHTpauHjcKO rauieibe cpjiyopecqeHUHje rmpasojiHiiCKiLx ;;epn-

BaTa He3HaTHO. Ciwaibeifee Gje^HHe h ramen>e cpJiyopecueHHHje je y BehHHH cjiy-

E. Epjian, H. CoJbaqnh, B. CacpOHOB h E. riaju.

TexHOJiotuKu (flaxyAtuetu, 3cupe6

 

A. M. TpaHijapHh h H. Cojbamih

TexHOAOMKu 0ah-yAuleui, 3aepea
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lajesa 3aKOHHio h MO>Ke ce npHKa3aTH Stern-Volmer-OBOM jeflHauGoM. Cthji-

6eHCKH flepHBara y bhcokhm KOHuempauHjaMa He y3poKyjy nafl 6jejmHe hhth

He noKa3yjy rauieite (JuryopecueHUHje. Henoerojaibe rame&a cpJiyopecueHiuije

cmn6eHCKHx aepHBaTa yna3yje Ha MoryhHocr HirrepaKUHje onraMKor Sjejnuia ca

nojeAHHHM rpynaMa ByHeHor hjih nojmaMHAHor BJiaKHa, npw leiviy BjepojaTHO

Hacrajy aAinnijcKH cnojeBH KojH aonpHHOce cl'-iyopecueHUHjH.

C-6. HCTPA>KHBAH>E OJiyOPECHEHUHJE ,H,HCnEP3HHX EOJHJIA HA

nOJTHECTEPCKHM TKAHHHAMA

H. CTHnaHOBHh h H. CojtaMHh

TexciuiMHu KomGuhow 3aepe6, 3cupe6 u TexnoAOuiKU ^aKynuiew., 3aepe6

HcnHTHBaH je yTjeuaj KOHueHrpauHje (pjryopecueHTHHX flHcnep3HHX 6ojH.ia

Ha (piryopecueHinijy y boachhm aHcnep3HjaAia h Ha aflcopoaTHAia — nojiHecrepcKoj

TKaHHHH. IIpHMjeH>eHH nocryimH 6ojaaHcaH>a nojiHecTepcne TKaHHHe cy : Tepiwoco;i

nocrynaK 6ojaflHcaH>3 6e3 h ca peflyKTHBHHM HHiuheiteM, re nocrynaK HCiiprubeiba

H3 Bo^eHe Kyne^bH koa bhcokc TeiwuepaType. H3iwjepeHH cy HHTeH3HTeT (pjiyo-

pecqeHUHje, cnempH peMHCHje h tovkc KpoMaraiHOCTH. HaljeHO je aa noBeha&ejw

KOHqeHTpauHje (pjryopecueHTHHX ancnep3HHX 6ojmra AOJia3H no rauie&a cpnyo-

peceHneHUHje y flHcnep3Hjajvia, a Ha aacop6aTHjwa y3 rauieae flojia3H no 6aTo-

KpoMHor noAumaiba MaKCHMyjvia pe.MHCHje. TaKot)ep ce SaTOKpoiwHO noMHMy h

TOMKe KpoMaTHTOOCTH y CIE flnjarpajviy. JXana je h 3aKOHHTocT KoueHTpauHjcKor

rameH>a cpJiyopecqeHUHje npewa Stern-Volmer-OBoj jeflHauSn.

C-7. riPOYMABAIbE YTJEUAJA I1POHECHHX BAPHJAEJIH HA

PEAKTHBHTET EOJHJIA

B. OcTepMaH-IIapaq, J. JoBaHOBiih-KoJiap H H. KonpHBaneq

TexnoAOuiKU ffiaxyAiueiu, 3aepe6

CTyaHpaHO je noHamaibe peaKTHBHor uempa hckhx peaKTHumix 6ojn;ia

iipeMa npoTeHHCKOM BJiaKHy. C o63npoM Ha to Tpe6a HAiara y BH^y KeMHjcny

KOHCTHTyuHjy peaKTHBHor Sojmia Kao h (pH3HKajiHO-KeMHjcKy crpyKiypy h xhcto-

.louiKy rpar)y npoTenHCKHX BJiaKaHa. y obom paay cry^HpaHa je MoryhnocT (piin-

CHpaH>a peaKTHBHHX 6ojmia THna 2,4-,aH(p.jryop 5-KJiopnHpHMHflHHCKa, a-Br-ai<pn-

.laMHjuia h N-MeTHOTaypHHoeTHJicyji^oHCKa y obhchocth o pH, TejvmepaTypn

(pHKCHpa&a h BpejweHy o/vie>KaBaH>a koa xnaflHor nocrynKa. Y3eTa cy Gojmia

Koja caflp>Ke ampaKHHOHCKH KpoMoreH #a 6h koa KOAinapaTHBHe aHajin3e yTjeuaj

KpoMoreHa Ha HHTepaKHHjy SojHjio-BJiaKHO 6ho uito MaibH. Cna KBairrHTaTHima

.wjepeiba pat)eHa cy Ha cneicrpcxpoTOAieTpy Unicam SP 1800.
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C-8. BOJEHjE TKAHHHE OJX MEIIIABHHE nOJIHECTAP-BYHA HA

TEMnEPATYPH 0,0, 120°

M. IlojiHheBHh h J\. MHxaHjioBHh

„IJeHiupouieKcuiwi" — TeKciuwiHu uncuiuulyui, Eeoepad

Ilo3HaTa je MoryhHocr jeflHo6aH>CKor 6ojen>a MemaBHHe no/mecrap/ByHa Ha

TeMnepaTypaMa H3HaA 106°. Obo Soje&e je Moryhe caiwo y3 RoaarsK cpeacTBa 3a

3auiTHTy ByHe. JJ& 1976. roflHHe npeTOKHO ce KOpHCTHO (popMajiAexHA 3a 3auiTHTy

ByHe, KojH je yjwpe>KaBaH>eM y XHflpojiH3Hpajyhe ipyne ByHe noBehaBao nocroja-

hoct npHpoaHHX BjianaHa Ha noBHuieHHM TeMnepaTypaMa (H3Haa 106°). y HOBHje

BpeMe npoHar)eHa cy apyra noMohHa cpeacTBa, nocTojaHHja oa (fcopiwajiAexHAa,

HHja je sauiTHTa Beha. 3auiraTHO AejcTBO noMohHor cpeACTBa npoBepeHO je y

TeMnepaTypHOM HHTepBajry oa 98 ao 120°, a CTeneH ouiTeheita ByHe npaheH je

yoSH^ajeHHM cph3Hmkhm h xeMHjcKHM aHajm3aMa. Ha ocHOBy AoGnjeHHX pe3y;rraTa

HcnHTHBaH>a creneHa onrreheiba ByHe, jeAHo6aibCKH je 6ojeHa n<aHHHa oa Me

iuaBHHe PES/ByHa Ha 120°. JtoSnjeHH pesyjiTara yKa3yjy Ha 3HaTHe ckohomckc

yurreae y Sojeay h Bejim<e npeAHOcra y 3auiTHTO npnpoAHe OKOJiHHe, ycnea

cjiaGHjer 3arar)eH>a oTiiaflHe boac

C-9. OHEHA HH^yCTPHJCKOr TPAHCcI>EP-IIITAMnAH>A

J. HepKBeHHK

TopencKa iipedu.iHuifa, UlKO^ja JIokcl

Y pa^y ce pacMaTpajy pe3yjrraTH TpaHccpep-nrraMnaH>a aoGhjchh y P. O.

ropeH>cKa npeAHJiHHua IIlKocpja JIoKa.

C-10. YTHUAJ 3ryiUIbHBAMA HA CnOCOBHOCT BE3HBAH>A BOJE

3A BJIAKHO

P. TpajKOBnh

TexHOAOtuKO-MeuiaAypiuKU (fiaKyAiueiu , Eeoepad

TKaHHHa H3par)eHa oa HHcre npnpoAHe CBHJie uiTaMnaHa je khcgihm SojaAia

ca nacroM npHrrpeMJbeHOM oa 3ryuiH>HBaHa pa3jmwror nopeicna. napeaeM je

cf)HKCHpaHa 6oja 3a BJiaKHO a KOjnmHHa Be3aHe 6oje je OAper)HBaHa Ha y3opiTHMa

HJTaMnaHHM ca 3ryuiifcHBa»mMa Ha 6a3H aurHHaTHor nopewia, CKpo6a h moah^h-

KOBaHor cKpoSa. yTBpr)eHO je Aa KOJiH^HHa BeaaHe 6oje 3aBHCH oa rana 3rym-

HbHBaqa h creneHa bji8>khocth TKaHHHe noja ce H3Jia>Ke napeity. Ha nocTojaHOcra

uiTaMnaHieM Ao6HjenHx o6ojeH>a Mer)yraM, He OApawaBajy ce 6htho ycjiOBH uiTaM-

nama.
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C-ll. cfcOPMYJIHCAIkE CACTABA KYIIATHJIA 3A EOJEHjE

PAMYHCKHM nYTEM

JX- IJOKHh H H. JtySOTCHCKH

TexHOAOiuKO-MeuuiAypuiKU (fiaKyAuieiu, Eeoepad u TeKciuuAHU KOMSuuaiu

„MaKedoHKa" , IIIuluu

3a 6p30 h ereaKTHO „MycrpHpaH>e", Ha ocHOBy opnTHHajiHor oGojeHor y3opKa

TeKcninHor MaTepHjajia, KopHCTH ce flaHac hckojihko rpacpHMKHX h paqyHCKHX

Meroaa. 3a (popMyjiaimjy cacraBa pacrBopa y HauieM pa^y je npHMe&eHa KySemo-

-MyHK pejiauHj'a a aooiijeHH pe3yjiTa™ cy aHajiH3npaHH h eKcnepHMeHTajino iipo-

BepaBaHH.

C-12. METOPE O^PE-BHBAHjA PA3JIHKE OEOJEH>A

TEKCTHJTHHX MATEPHJAJIA

M. JOBaHOBHh

BynapcKU unciuuiuyiu „ByHUA", Jlecnoeatf

y paay cy npoyqaBaHe jeflHOcraBHe MeroAe oape^HBaifca pa3jiHKe o6ojeH>a,

Koje ce flaHac epuie cySjeKTHBHo. OSpafjeHe cy rpacpH^me jweTo^e Chmoh

TyaBKHa, Anaivic — HnKepcoHa h DIN.6164 h h>hxobc npaKraqHe MoryhHocra

KopiunheH>a. BpeaHoc™ X, Y h Z iwepeHe cy Ha KOJiopHMerpy Elrepho — Opton

ca TpH MepHa SojeHa cpHjrrpa.

C-13. O^PE'BHBAftE nAPAMETAPA H30PEAKTHBHOr

CHCTEMA BOJEIfcA

M. MtiTpoBHh h C. MnaaeHOBHh

TexHOAOMKO-MeuiaAypuiKU <p~axyAuieui, Eeoepad u TexHOA0iui<u (fjaKyAiueiii,

JlecKoeatf

Ochobhh napaMerpH y 6ojeH>y, Kao uito cy TeiwnepaTypa h BpeMe HMajy

BejiiiKH 3Ha»iaj y TeopHjcKoiw h npaicraqHOM pa3MaTpatt«y CHcreiwa 6oja-BJiaKHO.

H30peaKTHBHH CHcreiw je anajiH3HpaH ca rjieAHuiTa o,apet)HBaH>a ohhx Bernnnma

Koje aetpHHHiuy nporpaM Bpeivie-TeMnepaTypa Gojeita. y paay je pa3MaTpaH jeaaH

nporpaM KojuM ce yTBpl)yje HsopeaKTHBHOCT CHcreMa a TaKol)e h KHHenraKH iwofleji

oojeiba Kao n 3aBHCH0cx 6p3HHe 6ojeH>a h TeiwnepaType.
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C-14. YTBPBHBAH>E nAPAMETAPA OEPAHE TKAHHHA 3A

TEXHHMKE CBPXE

JX- UoKHh, E. BacHh h J. KenaBa

TexHOAOUiKO-MeiuaAypuiKU (fiaxyAuieiu, Eeoepad u Xe.Hujcna urtdycuipuja

„EAJ1KAH", Eeoepad

CaBpejvieHa HHflycrpHjcKa npoH3BOAH>a h cBaKOAHeBHe TexHHm<e noTpcCe 3a-

XTeBajy ynoipeSy noce6HO HivinperHHpaHHX TKaHHHa ca OApel)eHHM CBojcTBHMa. y

paay cy npoynaBaHH napaAieTpH npoH3BOAH>e caiwojienJbHBHX TKaHHHa Kao h h>h-

xoBe KapaKTepHCTHKe Koje Tpe6a aa oaroBapajy 3axTeBH>ia eKcruioaTauHje obhx

npoH3BOfla. JIa6opaTopHjCKa Hcrpa>KHBaH>a (bopiwyjianHje aTxe3HBa Kao h HHAy-

crpHjcKe npo6e cy nonasajie aa ce 3a OBy CBpxy Mory yiiOTpe6HTH TKaHHHe oa

npnpoflHHX h BeuiTawHx BjianaHa OApeheHHX KapaKTepHCTHKa.

C-15. yTHUAJ nOJEJIHHHX OnEPAUHJA nPEPAUE TOKOM I1POH3-

BOJlBbE BYHEHHX TKAHHHA HA EOEKAT 3A1HTHTE ByHEHOr

BJIAKHA O.U. MOJbAHA

P. TpajKOBHh

TexHOAOiuKO-Meuia/iypiuKU 0ahyAiueui, Eeoepad

Ca/jp>Kaj MHTHHa FF he. Ha ByHeHHM BjiaKHHMa CMaH>yje ce tokom npoueca

npoH3BOflH>e ao roTOBor npoH3BOAa. VTBpt)eHe cy onepauHje h napaMerpH kojh

ce y HajBehoj wepn OApanoBajy na owaiteifce caapnoja MiiTHna FF he. iipn npon3-

BoaiiH TKaHHHa no BJia»ieHOM h ueuutaHOM nocrynKy. Pa3iwaTpaHe cy MoryhHOCTH

CMaiteH>a ry6nTaKa MHTHHa FF he. MOAHcbHKOBaiteM hckhx oji onepauHja npepa^e.

C-16. OEPAJ.A nAMYMHHX TKAHHHA nPOTHB 3AnAJbHBOCTH

JE,H,HH>EH>HMA OOCOOPA

JX- HokhIi, JX. EnmeBaH h JX. AfcHMoa

TexHOAOiuKO-MeiuanypiuKU </jaKyAiueiu, Eeoepad u Eeoepadcxu uaMyVHU

KOMouHQiu, Eeoepad

naiwyime TKaHHHe pasjiHTOTHX KapaKTepHcraKa o6pal)HBaHe cy peTapaepHMa

— cpeacTBHMa npoTHB 3anajbHBOCTH — y uHJby yTBphHBaifca h>hxobc oniopHOCTii

npeMa AejcrBy njiaMeHa. npncycTBo a30THnx jeAHH>eH.a Ha TKamtHH TaKohe MO«<e

Aa yTHHe Ha Ae;iOBaH>e peTapaepa na je y paay pa3iviaTpaH h yTHuaj obhx KOMno-

HenaTa Ha 3anaJtHBocT, ropeHbe H >Kapen>e. HcnHTHBaHe cy h Apyre bcihtohc

oa 3naqaja 3a iunpy npiiAieHy oopabemix TKaHHHa npoTHB 3anajbHBOCTn.
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C-17. HEKA HCKYCTBA HA OEPAJJ,H BYHE nPOTHB 3AI1AJEHBOCTH

THTAHHJYMOBHM JEflHftEftHMA

M. XauHaxiweTOBHh

COyP YTH, Capajeeo, Pa38ojHO-uciuapytcueaHKu t^eniuap TH

„TuiueKc", Bucoko

ByHeHa he6aa cy o6pa!)iiBaHa npoTHB 3anajtHB0CTH no Zirpro nocrynKy ca

KajiHjyM-cJjjiypHaTHTaHaTOM. 06pal)eHO he6e je 3a#p>KaBajio MeKaH oimn h CBe

xesmjcKo-cpH3Hm<e KapaicrepHCTHKe. OHa cy TaKol)e 3aAOBOJi>aBajia Tecr BepTH-

Kajmor naji>eH>a. Ha o6pal)eHOM MaTepnjajiy cy yo^eHe HeKe nponparae nojaBe

AO Kojnx fl0jia3H npH o6pafln ByHeroix heGa^H nporau 3anajbHBOcrH, Koje ce

TaKO^e pa3iwaTpajy y obom paay.

C-18. nPHMEHA 3EOJIHTA y OOPMyJIAHHJH JJETEPrEHATA

B. MnjoBHb h JE. nonoBHh

TexHonoiuKO-MeuianypxuKu (flaxyAiiieul, Eeoepad

npoH3B0flH>a aeTeprenaTa ca cjviaibeHHM caApnrajeivi HaTpHjyM-TpHnojiH(j)oc-

cpaTa je BeoAia 3HaMajHa ca eKOJiouiKor rjieAHiHTa. Kao HHrpeflHjeHT 3a 3ajweHy

HaTpHjyM-TpHnojiH(Jjoc(J)aTa nona3ao je ao6pa CBojcrBa HaTpHjyM-ajiyMHHHjyM-CH-

jiHKaT, 3eojmT A. y pa^y cy o6yxBaheHa HcnnTHBatba Moryher creneHa cycnTHTy-

HHje HaTpHjyM-TpHno™4)OccJ)aTa ca 3eojiHToiw A y fleTepreHTCKoj KOMno3HH,HjH.

y-rauaj cyncTHTynHje Ha ecj)eKaT npa&a, peflncno3HUHjy, HHKpycrauHjy h npoiweHe

MexaHHMKHx KapaKTepHCTHKa TKaHHHe nooie BHiuecrpyKor npaita.

C-19. nPHJIOr n03HABAH>y EHOPASrPAUHjE HEKHX TEH3HAA Y

nPHPOflHHM YBJETHMA

E. naju,, Td. BacHh-PaqKH, M. MeurrpHh h A. JIaweTa

TexHOAOiuxii (fiaKynuieiu, 3azpe6 u „TeKcuiuA", 3aipe6

HcmrraHa je iworyhHocT KaTajiHTHMKor fljenoBaH>a Na-TpHnojm4>oc(})aTa, ao-

aei^Ji6eH3eHcyji4)0HaTa h xeKcaaeKaHcy^oHaTa Ha CMaaeite kojihtohc oTonjbeHor

KHCHKa y npHpOflHHM BOflaMa. npHCyTHH TCH3HAH Cy Oflpe!)HBaHH KeMHJiyMHHeC-

ueHTHOM MeroAOM. YcTaHOBJbeHO je, n& je h>hxob e4>eKT y npupoAHHM yBjeraMa

jeAHaK oiyqajy 6HOJiyjYjHHecueimHje, a eKBHBajieHTaH je kojihuhhh TCH3HA3 a

CTymty H>HX0Be 6nopa3rpaAH>e.
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C-20. AHAJIHTimKO HCIIHTHBAHjE TEH3H.HA V TEKCTHJIY

H. nanfe, H. Cojtamih H F. Kanaer

„JIHO", iuexciuuAHa undyciupuja, OcujeK u TexnoAOiuKU (fiaKyjiiueui,

3aepe6

OnncaHe cy KBaHTHTaraBHe aHajnmmKe MCTOfle oapeljHBaiba TparoBa TeH-

3Hfla Ha TKaHHHaAia op, naiwyKa h nojinaMHaa HanoH Hcnnpaifca, Kao h kojihikhc

npHcyTHor TeH3Hfla y cBaKoj KynejbH ojInoV Hcrntpaiba. 3a o,ijper}HBaH>e hchoho-

reHor TeH3H^a (HOHWicpeHOji nojiHrjiHKOJieTep ca oko 65% EO) npHMjeiteHa je

MOflHcJjHimpaHa KOjiopHMeTpHjcKa MeTO,na c Ko6a.iTOBHM HHTpaTOM, aok je 3a aHa-

jiHTHKy aHHOHaKTHBHor TeraHfla (Na-floaeuHJi6eH3eHcyji(poHaT) aaia Koiwnapa-

THBHa cryflnja pe3yjrraTa KOJiopHAieTpHjcKe MeTOAe npema Longwell-Maniece-y, Te

BOJiyMerpHjcKHX iweTOAa flBO(J)a3He THTpauHje y3 npniwjeHy MjemaHor HHflHKaTopa,

3aTHiw 6poMcpeHOJinuiaBor h HanoobeTKy MerajiennjiaBor HHflHKa-ropa. OjjaSpaHe

aHa^HTHHKe iweToae cy penaraBHO jejrHocraBHe, 6p3e h flOBOJbHO oceTJBHBe aa

6h Morjie 6hth npwvijeibHBe y kohtpojihhm aHajmTHMKHM jia6opaTopHjHMa TeKcrmiHe

HHAycTpHje.

C-21. OflPE-BHBAIfcE EAKPA H >KEJBE3A y TEKCTHJIHHM MATEPH-

JAJIHMA METOJIOM AHOJIHE STRIPPING BOJITAMETPHJE

fl. KaTOBHb, H. Cojbamih h H. nHjbau

Buwa uiKona 3a iueKcwwi u odjehy, 3azpe6, TexnoAOiuKU {fiaKyAiueui, 3aepe6 u

IJpexpaM6eHO-6uouiexHOAOMKu tfiah-yAuieui, 3aepe6

npHAijeiteHa je aHOflHa stripping BOjrraMeTpHja 3a OApebHBaifce 6aKpa h

H<ejBe3a y tckcthjihhm MaTepHja^HMa. Eanap h >nejbe3o oflpet)HBaHH cy y3 h<rbhh>'

cbHJiM ejieKTpoay, aon je Kao Hocay ynoTpeSjbeHa ruioirraa „glassy carbona".

TeKCTHJTHH y3opuH pa3»«»t>aBaHH cy mokphm nocrynKOM y OTBopeHOM CHcreMy

y nepKJiopHoj h ayuiHTOoj khccjihhh. Oaper/HBaHe cy kojihhhhc or 2 w> lOOjxg g~x

6aKpa h >Keibe3a. Pe^taTHBHa norpeuma y OAper)HBaH.y Sanpa H3HOCHJia je oko 5%.

KaKO >Kejbe30 ca >khbom He CTBapa aMajirajvi, oflper)HBaHo je HHflHpeKTHOM iwe-

TOfloiw y3 Bi-EDTA KoinnjieKC, Te je h penaTHBHa norpeiuKa BHiua h h3hoch oko

20%. JloKasaHO je na tckcthjihh MaTepHjaji He ajejiyje HenoBOJbHo koa oape-

r)HBaH.a Merajia MeTOflOM aHOflHe stripping BOjrraMeTpHje, Te ce OHa c ycnjexoM

Mowe npHiwjeHHTH 3a pe#OBHy Kompojiy y TeKCTHJiHHM noroHHMa.

C-22. JJHPEKTHO OJIPE'BHBAIEE TPATOBA >KEJbE3A HA

TEKCTHJIHOM MATEPHJAJiy

K. MocKanHyK, JE. EoKiih, H. Coji.aunh vi M. JlyKerah

TexnoAOiuKU fiaKVAuieui, 3cupe6

TparoBH TeuiKHX MeTajia npncyTHH y t6kcthjihom MaTepHjajiy Mory uitctho

fljejioBaTH npujiHKOM o6pa#e h ^opa^e. TaKo ce noKa3ajio aa TparoBH >Kejbe3a
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KaTajiHTHMKH HeraraBHO ajejiyjy npHJiHKOM 6Hjeui>eifca naiwyKa c boahkobhm nepon-

CHflOM, yTjeqy Ha rauieibe (pjiyopecueHunje koa onnraKor 6HjejbeH.a, CMerajy

npHJiHKOM 6ojaaHcaH>a ht#. Pa3pal)eHa je 6p3 h jeflHocraBaH nocrynaK oflpel)HBaifea

TparoBa >Keji>e3a Ha najwyMHOM miaTHy . OraHflapflH 33 BH3y&rrao ycnopet)HBaH>e

HamiifceHH cy (pyjiapflHpaH.eM iuiaraa y craKflapfliniM OTonHHajwa >Kejte3Hor kjio-

pi«a y oirreHO khccjiom MeflHjy. TpeuiKa OBe BH3yejiHe MCToae H3HOCHjia je oko

+20%, y rpanHna.Ma ofl 10—100. 10_6g >Kejte3a/g MaTepnjajia. Tommja lweToaa

oapet)HBaH>a je cneicrpocfcoTOMeTpHjcKo MjepeH>e peiviHCHje CBHjenia, a pe3yjrraTH

ce Ao6HBajy H3 6a>KflapHor ^HarpaMa. TpeuiKa OBe MeTOAe H3HOCHjia je oko ±5%

y rpammaAia oa 10—40. 10~6g >nejbe3a/g. OflpefjHBaube >nejbe3a obhm MeTOflaiwa

Tpaje HeKOUHKO MHHyra, a toihoct 3a,noBOJbaBa, noce6Ho y noroHCKHiw yBjeTHiwa.

C-23. KAPAKTEPHCTHKE OTnAAHHX BOJ1A TEKCTHJIHE

HHJjyCTPHJE

B. UH6yjwh

Bynapcxu unciuuuiyiu „BynuA", JlecKoeaif

y pafly cy npoyyaBaHe KapaKTepncTHKe oinaflHHX BOfla 12TeKCTHJiHHxpa;j-

hhx opraHnaanuja. Jlpr je ynopeflHH nperjiefl pe3yjrraTa h KOHcraHTOBaHO aa cy

ornaflHe BOfle H3 ByHapcKe h naMyroe HiwycTpHje Kao h H3 paflHHX opraHH3aHHja

y KojHMa ce npepaljyjy CHHTeTHMKa BjiaKHa h Kyaejba hochouh 3ajeaHH»n<or opraH-

CKor onTepeheita npe.wa xeMHjcKoj noTpouiH»H KHceoHHKa oa oko 240 kg/h.

C-24. HCnHTHBAEbE YKJIAHjAIBA BOJE H3 EOJIYEHATA

AUCOPnUHJOM HA AJIYMHHOCHJ1HKATHMA

JX. JJoiueH-IIlBep, T>. napaH-OcrepiviaH h JB. Onuiep-JaKHh

TexHOJioiuKU (pai<y.iiueiU, 3aepe6

IloceBaH npoojieM npn npoqHuihaBa&y OTnaAHHX Bo^a tckcthjihc hh-

AycrpHje npeflCTaBJbajy 6oje y etpjryeBry. y paay je ncnHTaHa aflcopimaja H3

BOfleHHx oronHHa paaraiHTHX Bpcra 6oja, Koje ce Kopncre y TeKcnuiHoj hh-

aycrpHjH, Ha aflcop6eHCHiwa rana ajryMHHOcmiHKaTa. Hacrojao ce oapeflHTH Haj-

6oji>h oahoc aflcop6eHca h 6oje, Te Ha Taj mimm onTHM£UiHa MoryhHOcr ymiaibaiba

60ja H3 e<J)jryeHaTa. 3a HcnHTHBau>a je ynoTpeojteHa Merofla cycneH3Hje, a pe3yji-

TaTH npaheHH iwjepeH>eM UV- h IR-ancopnuHje Ha y3opuHMa.



CEKUHJA D. IIPOJEKTOBAHjE H nPOH3BOflH>A OJJETiE

D-l. MOHEJI PAUHOHAJlHOr 0,'lPE'bHBAH>A BEJIHMHHCKOr

ACOPTHMAHA OiJETiE 3A BEJIHKE TPyilE MyiUKAPAUA

CTAPOCHE JIOEH OR 18 £0 30 TO^HHA

H. ,H,oM6aj

BIJ 1089-3, Eeoepad

y paay cy flaTH 3aKOHH pacnoaejie h oahoch ochobhhx Mepa T&ria, 6poj

Mepa no amponojioiUKHM craHflapflHMa h H36op rjiaBHHx pa3MepHHX o6ejie»cja.

rioceoHa na>KH,a nocBeheHa je 3axTeBHMa KojH Tpe6a aa 3aaoBOJbe rjiaBHa pa3-

iwepua o6ejie>Kja h KoecpHHHjeHTHMa Kopejiaunje rjiaBHHx Mepa. Onpeflejieita 3a

o6km BejiHMHHCKor acopTHiwaHa ce 3acHHBajy Ha (popMH h MepH Tena, KJiacH(})H-

KaHHjn (|)Hrype H pacnoflejiH THnoBa (pHrypa.

D-2. nPOJEKTHPAIEE (WRE

JX- JaKLUHh

BT03JJ TeKcuiuAHa iuexnojioeuja, Jby6.-bayia

y pafly cy mKpopMaraBHO o6pal)eHH HeKH napaMeTpH hjih (pyHKHHje Koje

Mopajwo y3era y o63Hp npH npojeKrapaiby o^ehe, Kao iuto cy: cpyHKimoHajiHOCT

y yn<eM CMHCJiy, y 3aBHCHOcra op, Bpcre 3kthbhocth h Bpcre nOKpeTa KopacHHKa

OAehe, ecrercKa (pyHKuiija oflehe, (pH3HOJiouiKa (pyHKunja o63HpoM Ha 3HojeH>e

h ajieprajy h ap. ,H,eTaji.HHje je o6par)eHa jeflHa o;i ochobhhx yjiora oaehe — 3am-

THTa op, xnaflHohe, uito je anajiHTHiKH npHKa3aHO OAroBapajyhHM (pyHKinijaMa.

Ilo npBH nyr je H3pa>KeH HCTOBpejueHH ynmaj TeMnepaType, o6jun<a noBpuiHHe,

Bjrare h 6p3HHe BeTpa Ha yKynaH onntop o^ehe npoBotjeity TonjiOTe.

D-3. PAUHOHAJIHO O^PE'BHBAIfcE BHUIEBEJIHMHHCKHX

KPOJHHX HACJIArA

B. Khc3

TexHOAOMKU flaxyjiuieul, 3aepe6

Y3 npHMjeHy ejieKTpoHHMKe TexHHKe Hcrpa>KHBaHa je MoryhHoer paimoHaji-

Hor 0flpeI)HBaH>a flBOBejiH^iHHCKHx h qeTBepoBejiiniHHCKHx KpojHHX Haaiara 3a
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paaHe Bpcre OAjeBHHx npeflMCTa, Te ce Hacrojajio ycraHOBHTH oahoc yurreAa

tkamine npeMa jeAHOBejnmHHCKHM KpojHHM Haaiarawa. Koa flBOBejiHTOHCKHX

KpojHiix Hacuara yiirreaa y OAHOcy Ha jeAHOBejinnHHCKe no Hajio3HMa 3a Kpojeibe

H2HOCH oa 1,71 flo 3,10%, a koa MeTBopoBejiHiraHCKHX KpojHHX Hacjiara on 2,48

oa 3,74°0. YcnopeflSoM pe3yjmTa Mowe ce 3aKJby^HTH fla je yuiTeAa H3iviel)y

aBOBejiHMHHCKHX h jemHOBejiHMHHCKHX KpojHHX Hacjiara Beha Hero H3Mef)y MCTBepo-

BCTHMKHCKHX II ABOB&UHHHHCKHX .

D-4. TEPMOH30JIALtHOHE OCOEHHE JIBOCJIOJHHX KOMEHHAUHJA

TKAHHHA CA JIEnJLHBHM ME-BYnOCTABAMA

C. HyGoica, P. JoBaHOBHh h JL. TiyK

EeoepadcKu uaMynnu KOM6uHaiu, TexHOAOiuKO-MemaAypctuKu <p~aKyjiuieiu u Eeoepadcnu

eynapCKu KOM6unaui, Eeoepad

J^BOciojHe KOM6nHau,Hje TKaHHHa jienjBHBa Me^ynocraBa kophcth ce y hh-

aycrpHjH oflehe y muty AOOHjaita oacbchhx npeAAieTa ca Sojbhai H3ivieAOM y3

Kpahe BpeMe H3paae. HcriHTHBaHO je BHiue pa3JiHUHTHX TKaHHHa y cnojy ca

BHiue jierubHBHx MdjynocraBa, h yTBptjeHa je Kopejiairaja H3iwe])y h>hxobhx Tepjwo-

n30JiauH0HHX oco6HHa ao6HjeHHx paqyHCKHM nyTeM h Jia6opaTopnjcKHM HcroroiBa-

H>eM. .HoSnjeHH pe3yjiTaTH noKa3yjy fla ce 36or roTOBe c})H3HMKe Beae Koje necroje

H3Me^y TKaHHHa h JitrutHBe MeljynocraBe He MOH<e bpiuhth apHTMeranKO ca6ifpaH>e

OTnopa ToruiOTHoj hpoboajbhbocth TKaHHHe h JienjbHBe Mei)ynocraBe. JjBOCJiojHa

KOMOHHairaja ce nocMaTpa nao jeaaH cjioj y naneTy OAehe, ca cbhjw ocoSHHajvia

Koje HMa 6hjio Koje aoh>h c/ioj y naKeTy.

D-5. YTHUAJ CAHP^CAJA BOflE HA KOEOHUHJEHT TOnJIOTHE

nPOBOJUbHBOCTH OJJE'RE

J\. JJ. Bypnb, P. C. JoBaHOBHh h JX- JaKiunh

BI7 1114, Eeoepad, TexHOAOiuKO-MemanypiuKU (p~aKyAiueui, Eeoepad u BT03JI

iuecKuiuAHa iuexHOAoeuja, Jhy6jbana

Ofleha HMa ABe ochobhc cpyHKUHje: ecreTCKy h 3auiTHTHy. 3amraTHa <J)yHK-

iuija MOHce 6hth Beonia paanHHHTa. Je^Ha oa h>hx je ToiuiOTHO-3auiTHTHa 4)yHKHHja.

Ochobhh nOKaaaTejb TOiuiOTHO-3aHiTHTHHX oco6nHa je TOiuioTHa npoBOA-JtHBoc™

Koja 3aBHCH oa AeS-tHHe h npemieTaja TKaHHHa h 6poja h BejiHMHHa nopa y H>Hina

h H>HXOBor cupoBHHCKor cacraBa h cacraBa h KOHcrpyKHHje oAehe. Y obom paAy

je HcnHTano KaKo ce Meiba KoetJ)HHHjeHT cneuHcJjH'me Tonjiorae npoBOA-rfeHBOcra

h Ae6jBHHe y3opaKa y 33bhchocth oa caAP>Kaja BJiare h boac koa hckhx TKaHHHa

h ABocriojHHx KOM6HHaHHja ocuoBHa TKaHHHa — jierubHBa Mel)ynoACTaBa.
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D-6. MOrVRHOCTH HCFIHTHBAHjA TOnJIHHCKE HPOBOflHOCTH

TEKCTHJIHHX MATEPHJAJIA nOMO"Hy TEPMOTPAOHJE

M. Andrassy, B. XpaHH.ioBHh h D. Raffaelli

Buiua uiKona 3a iuexcuiuA u odjehy, 3aepe6 u Hhtciuuiuyiu 3d uUkcuIua u odjehy,

TexHOAOiujy (fiaKyAiueiua, 3aepe6

MjepeH>e toiuikhckc npoBOflHocra Kao ocHOBHor TOiuiHHCKor CBojcrBa tck-

cthjihhx MaTepHja^a noBe3aHO je c mhoitim noTemKohaMa h Henoy3aaHOCTHiwa. Pajjn

Tora ce TepiworpacpcKO HcnHTHBaite jaBJta Kao ajrrepHaTHBHa Merofla Koja oSehaBa

TOHHHje pe3yjiTaTe. Tepjworpacjmja je 6ecKOHTai<THa Merofla Mjepeiba TeivmepaType h

iteHe pa3AHo6e Ha noBpunuiaMa rajejia. Iloce6Ha npeflHocr OBe MeToae je 6p3HHa

npoBeflSe KBajutTaTHBHHX o ycnopeflGeiutx HCimTHBaiba. Ochobhh npHHHHn pajja

TepMorpacJjcKor ypetjaja TeMejhH ce Ha ojipeJjHBaifcy HHTeH3HTeTa 3paieita rajejia ,

y HeKHM noflpyujHAia HH(J)paiipBeHor jnijena cneicrpa. TonjiHHCKa cBojcTBa tck-

cthjihhx MaTepHjajia cy noceoHo 3HauajHa o63HpoM Ha miH>eHHuy fla je ocHOBHa

CBpxa o^jehe 3amraTa rajejia o/i Henoro/umx yBejeTa OKOJMHe. Ha hckhm npn-

MjepHMa npHKa3aHe cy MoryhHocra npHinjeHe Tepjworpa(j)Hje koa HcnHTHBaita

TomiHHCKe npoBOflHOCTH TeKCTHJiHHX MaTepHjajia. JtHCKyrHpaH je yTjeuaj Bpcre

MaTepHja^a, H>eroBe rycrohe h Mace.

D-7. nPHMEHA KOHTPOJIHHX KAPTH y KOH<t>EKUHJCKOJ

nPOH3BOJj;H>H

C. Marah, B. MHjoBHh h B. Kocryp

TexHOjioiuKO-MeiuaAypiuKit tfiaxyAuieui, Eeoepad

npoyieHa je npHMCHa KOHTpojie KBajiHTeTa y KOHcpeKiyijcKoj npoH3BOflH>H.

yTBp^eHa je najbQ MoryhHocr npHMeHe kohtpojihhx KapTH y npoH3BOflH>H ropibHx

OAeBHHX npeflMeTa. H3BpmeH je H36op apraKajia 3a npaheae KBajiHTera npoH3BOfla

y yjia3Hoj, Mel)y4>a3Hoj h (pHHajmoj kohtpojih. OopMHpaae KOHTpojrHHX KapTH

H3BpmeH0 je Ha 6a3H yaejia jiouihx KOMa^a h rpeiuana y npoH3B0jxy. IlpHMeHa

p h np KapTH y (JjHHajiHoj kohtpojih 3a npaheite KOH4)eKu,HjcKe npoH3BO,qifce H3-

BefleHa je Ha hckojihko apTHKa^a.
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SECTION A. CHEMISTRY AND TECHNOLOGY OF FIBRES

A-l. FIBRE ENGINEERING — DEVELOPMENT TRENDS

Bela von Falkai

Bayer AG, Dormagen

In the introductory part of the paper a definition of the term fibre engineering

is given. It is pointed out that this type of engineering, which represents a synthesis

of polymer physics and processing technique, and the knowledge of applying

fibres to elements of fabric manufacturing, makes it possible, at the same time,

to obtain fibres of the required characteristics. Also, the development trends of

various types of chemical fibres are discussed and using experimental data the

achieved results and expected projections are commented.

A-2. DOMESTIC WOOL SCOURING AND TOPS PRODUCTION

M. Jovanovic, 2. Jovanovic, S. Zivkovic and S. Stojkovic

Wool research „Vimil", Leskovac, and „Leskoteks", Leskovac

In the study the industrial scouring conditions test results for domestic

wools of the la, lb and Ha classes, and their influence on the scoured wool quality

are presented. The carding and combing test results and their influence on the

tops quality are presented in the second part. The conclusion is that domestic

wool needs determined conditions for scouring, carding and combing.

A-3. TESTING THE POSSIBILITY OF SUBSTITUTING SOME FOREIGN

WOOLS BY DOMESTIC ONES FROM THE TERRITORY

OF SR MACEDONIA

M. Bakalovska and K. Ljupceva

Faculty of Technology, Skopje University, Skopje

First and second class wool from the territory of SR Macedonia and some

foreign wools with similar characteristics were tested and some of the most characte

ristic physical and chemical parameters established. The results obtained have

confirmed our assumption that substitution is possible.
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A-4. SOME PROBLEMES CONCERNING THE THEORY OF

ALPHA-BETA TRANSFORMATION IN WOOL FIBRES

D. JakSic

V TOZD Textile Dep., Ljubljana

The changes of the X-ray pattern of wool fibres in the process of stretching

are due to the form change of keratine from alpha to beta. Yet this theory cannot

explain the mechanism of change of primary aggregates into pleated sheets that

form beta-keratine. A different explanation of these X-ray pattern changes of

wool fibres in the process ofstretching is proposed. It is presumed that the beta-form

is already present in unstretched wool fibre and that in the process of strecthing

only the degree of orientation grows, resulting in an intensification of equatorial

reflexion at 0.465 nm that is a characteristic of the (3-form. Besides, it is possible

that some (3-keratine is formed from the matrix in the process ofstretching. This sup

position is not in contradiction with the results of measuring the degree of crystal-

Unity by two different methods. One is based on the equatorial reflexion at 0.98

nm which is common for both the « and (3 forms, while the other is based on the

equatorial reflexion at 0.465 nm which is characteristic for the (3-form and on the

meridional reflexion at 0.514 nm, characteristic for the a-form of keratine. Both

methods give practically identical results for the crystal! inity.

A-5. APPLICATION OF DESCENDING PAPER CHROMATOGRAPHY TO

CONTROL WOOL QUALITY

Lj. Mladenovid, S. Lajsic and D. Miljkovic

Wool Institute „ Vunil", Leskovac, and Faculties of Science, Belgrade and Novi Sad

Damaged and undamaged wool of deomestic origin was investigated by

onedimensional descending paper chromatography. The qualitative and quanti

tative analysis of hydrolysed wool pointed to the possibility of applying this method

to control the quality and the degree of damage of wool. It was shown that there

exists a correlation between the fibre fineness, the usual wool quality parameter,

and the content of various amino acids. The changes in the amino acid content

may serve as a measure of the damage degree of wool caused by the action of va

rious agents.

A-6. INVESTIGATION OF WOOL DEFORMATION AND THE

INFLUENCE OF CORTEX CONTENT ON THE CURLINESS

OF WOOLEN FIBERS

J. GoluSa

COAL-UTI, Sarajevo

The dependence of elasticity upon elongation and pressure of domestic and

imported woolen fibers, which are approximately of the same fiber fineness, was
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investigated. An investigation of the content of ortho and para-cortex, the inter

cellular substance in the cross-section of fibers, was also carried out. On the basis

of these investigations it was concluded that imported wool compared to domestic

ones, had significant differences in structure, so that better physico-mechanical

properties of the fibers where to be expected.

A-7. DESIGN OF EXPERIMENTS AND VARIANCE ANALYSIS

FOR IMPROVEMENT OF REPRODUCIBILITY

B. Dukic

„Viskoza", Loznica

The design of experiments is widely used in different kinds of applied re

search. The basic metod for testing the effects of investigated factors and their

interactions is the F-test. Its sensitivity, as is known, depends to a great deal on

experimental error. It was shown that, using experiment design with different

sources of error as the investigated factors, the structure of the experimental error

could be determined. Based on this structure, the appropriate design of the final

experiment was made so that its experimental error was remarkably reduced. This

procedure, which was used for the investigation of the tyre cord spinning process,

more precisely in measuring the tyre cord breaking strength as optimisation crit

eria, could widely be applied.

A-8. EFFICIENCY OF SOME NEW CATALYSTS IN THE PROCESS OF

ALKALICELLULOSE AGEING

V. Dordevic and A. Pozlep

„Viskoza", Loznica

The results of determination of the efficiency of some new, till now unapplied

compounds, for accelerating the processes of the molecular degradation of cellulose

in the viscose process for producing regenerated cellulose fiber are reported. The

extent of the effect of hydroxylamine chlorohydrate, hydrazine, hydrazine sulfate,

/>-nitrophenylhydrazine, phenyldiazonium sulfate and «,a'-azo-bis-isobutyronitrile.

in the concentration range 0.1 to 10% to the celullose content in alkalicellulose,

were investigated. The ageing path of alkalicellulose was determined with and

without the presence of definite quantities of the investigated compounds, during

the course of 24 h, and adequate curves of the ageing process of alkdliccllulose

were constructed. It was shown that alkalicellulose ages most rapidly in the pres

ence of hydroxylamine chlorohydrate, hydrazine and hydrazine sulfate, somewhat

more slowly in the presence of p-nitrophenylhydrazine, and that phenyldiazonium

sulfate and a,a'-azo-bis-isobutyronitrile does not show a catalytic effect in the

depolymerization process of cellulose. From the obtained results a conclusion was

drawn that application of these new catalysts has in comparison to the application

of cobalt and manganese salts, considering the specific process path of alkalicellulose

ageing, certain practical advantages.
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A-9. PRODUCTION PROCESS RESEARCH OF HIGH STRENGTH FIBER

FROM SHORT FIBER BEECH PULP

S. Moraca, M. Kajmakovic and J. Tatic

„Incel", Banja Luka

Results of the production process research of high-strength pulp fiber from

short fiber beech pulp with an a-pulp content of 90—92%, with particular regard

to spinning conditions are given. It is established that multi-stage drawing, if it is

carried out under determined conditions and relations, has as a result a considerable

increase in strength. The comparative results of fibre physical and textile characte

ristics obtained by the use of several modificators are presented.

A-10. INFLUENCE OF THE MODIFIER TYPE ON THE SPINNING

PROCESS AND RAYON TYRE CORD PROPERTIES

B. Dukic

„ Viskoza", Loznica

The production of cellulose fibres with improved physical properties, such

as high wet modulus staple fibre and super rayon tyre cord, is based on the use

of special substances which have to be added to vjscose before spinning and/or

to the spinbath. These chemicals are known as modifiers. It is shown that the

replacement of viscose modifiers inevitably causes changes of many other process

parameters. The spinning process stability and fibre physical properties, especially

the break strength, are highly dependent on the modifiers used. So, a modifier

change requires very detailed investigations.

A-ll. ENERGY REDUCTION FOR THE PROCESS OF LYE REGENERA

TION IN THE COURSE OF VISCOSE PRODUCTION

S. Pribicevic", Z. Unger, M. Suljakanovic and L. Dakonovic

Faculty of Technology, Novi Sad University, Novi Sad, Institute Sodaso, Tuzla

Faculty of Technology, Tuzla, and Salt Works, Ulcinj

The regeneration of circulating solutions was carried out by evaporation,

sulphate separation and heating. In the scope of the same technological procedure,

thermo-compressive regeneration is suggested, including all the mentioned stages.

Energy consumption in this case is about twice less that in the process in use

today. This new process has been evaluated in collaboration with the LURGI

Company.
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A-12. A METHOD FOR EVALUATING YARN FLAMMABILITY

D. Jocid, R. Jovanovic and P. Skundric

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The initial part of the paper presents the basic flammability parameters:

flame acceptance time, burning, glow, burned surface and appropriate burning

rate (which is determined by the so-called vertical test) and oxygen index. Both

these methods have up to now been used only for twodimensional samples. As

it is necessary to have a derived method in the course of production which enables

the following of the processing efficiency in the fiber without the need of producing

larger quantities of fabric and without processing the fibers into finished products,

the development of such a method was attempted. A method was derived that

enables the measuring of the above mentioned flammability parameters of yarn.

The method was checked on a large number of samples and it is shown that the

oxygen index and other flammability parameters can be measured on a sample

in the shape of a filament or short fiber which is shaped as a test standard in order

to achieve measurement accuracy.

A- 13. FLAME RETARDANT VISCOSE RAYON

R. Stankovic

„VISKOZA-RAZVOJ", Belgrade

A flame retardant for viscose rayon, Sandoflam 5060, was studied. It was

shown that this flame retardant dispersion incorporated in the viscose before

spinning, lowered the flammability of the fibres considerably. This effect withstood

laundering. The optimal quantity of the additive and its influence on the mechanical

properties, whiteness and colour of the fibres were determined. Sandoflam 5060

was compared to liquid fire retardants based on TDBPP, studied in our previous

work. Flame retardant development and their present state are also mentioned.

A-14. THE POSSIBILITY OF MANUFACTURING POLYPROPYLENE

FIBERS OF LOWERED FLAMMABILITY

R. Jovanovid, S. Bukvic, P. Skundric, M. Milankov and P. Skrbic

Faculty of Technology and Metallurgy, Belgrade, University, and ITES-Lola Ribar,

Odzaci

The possibilities and conditions of manufacturing polypropylene fibers of

decreased flammability by adding various types of additives, using the powdering

technique, were investigated. The procedure for industrially obtaining of poly

propylene fibers of lowered flammability was developed in the plant ITES-Lola

Ribar, Odzaci. The obtained fiber, regarding its physico-mechanical and techno

logical properties, was not significantly different from the unmodified polypro

pylene fiber. The oxygen index of the obtained fiber is greater than 26.5.
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A-15. INVESTIGATION OF THE STABILITY OF FLAMEPROOFING ON

POLYPROPYLENE FIBRES

S. Bukvid, R. Jovanovic and P. Skrbic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The effects of flameproofing of textile materials, obtained by processing

textile may be unstable, partly stable or stable, depending on the way of applying

the flame retardant additives and on their type. In this paper the changes in the

limiting oxygen index before and after dry cleaning, laundering and artificial

ageing of polypropylene fibres of reduced flammability, produced by the Industry

of Textiles and Synthetics ITES-Lola Ribar, Odiaci, were investigated. The

achieved retardant level is very durable (changes less than 0.7%) even after mul

tiple laundering, dry cleaning and artificial ageing.

A-16. TOXICITY OF COMBUSTION PRODUCTS OF TEXTILE FIBRES

O. Stojanovic, R. Jovanovic, N. Kobilarov, S.Maletid, P. Skundric

and D. Kosanovic

Faculty of Technology and Metallurgy) Belgrade University, Belgrade

In the thermal degradation of textile fibers there are various products de

pending on the fibres themselves and on the degradation conditions. The toxicity

of the degradation products of textile fibres mostly depends upon the presence

of HNC, HC1, CO, NH3, H2S, SO2, nitrogen oxides, etc., which in a large number

of cases depends on the type and quantity of addivitives present. A method for

determining the content of gaseous fibre combustion products was derived and

an analysis of a large number of different types of fibres was made. A detailed

investigation of the toxicity of the combustion products of polypropylene fibres

of decreased flammability was carried out.

A-17. POLYESTER SPINDYEING

D. Turkalj and K. Spanic

Faculty of Technology, Zagreb University, Zagreb, and Incel-Poliester,

Banja Luka

This report is concerned with various possibilities of polyester spindyeing

such as the „condensation" procedure, „injection" procedure, „dry" procedure

and „wet" procedure. The dye characteristics are listed for every kind of dyeing.

Then the advantages and disadvantages of every procedure in relation to existing

procedures are given.
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A-18. OLIGOMERS IN DOMESTIC FIBRES

R. Cunko and D. Raffaelli

Institute of Textile and Clothing, Faculty of Technology, Zagreb

University, Zagreb

Short-chain molecules, oligomers, although present in PES fibres in small

quantities (1.5—2.0%), often cause difficulties during processing and are therefore

a subject of numerous scientific investigations, especially in recent works. With

the more widespread production of domestic PES fibres, the need emerged for

the investigation of that problem in domestic fibres. Applying the methods of

gravimetric and UV-spectroscopic analyses, to some extent modified in our labora

tories, the quantities of total and surface oligomers in the fibres Belira and Maklen

have been defined. Migration of the oligomers from the inside of the fibre to its

surface during the process of hydrothermal treatment was examined. It is stated

that the quantities of total and surface oligomers in the examined domestic fibre

samples (Belira and Maklen) are within the same quantitiy values as given by the

world-known producers (Diolen and Trevira). However, a more detalied observation

of the migration of the oligomers from the inside of the fibre to its surface, of the

examined samples, have shown that different and more intensive processes of

migration exist in domestic fibres.

A-19. INVESTIGATION OF THE ORIENTATION IN PETF FILAMENTS

BY IR SPECTROSCOPY

D. Subotic, M. Ristic and Z. Grujic

Incel — Polyester, Banja Luka

An increase in the degree of orientation in a polyethyleneterephthalate

(PETF) filament was followed by the extinction increase of corresponding IR

peaks. Using IR spectroscopy and based upon the results of earlier works, a relation

was sought out between conformation and crystallinity. A dependence between

ihe drawing degree and orientational degree of Belira PETF filaments was also

investigated.

A-20. CORRELATION BETWEEN THE FINENESS OF INDIVIDUAL

FILAMENTS AND POLYESTER MULTIFILAMENT

CHARACTERISTICS

J. Bastijancic

Incel-Polyester, Banja Luka

The physical properties of polyester multifilaments with different degrese

of fineness of individual filaments, produced under the same spinning and drawing

conditions, were studied. The various degrees of fineness of individual filaments

were produced by changing the multifilament fineness and the number of spinner

holes. The aim of the work was to achieve desired properties by applying the

found dependences on poly(ethyleneterephthalate) multifilaments.
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A-21. CONVERSION OF A MAGNETIC SPINDLE TEXTURIZING

MACHINE TO A FRICTION TEXTURIZING ONE

M. Ristic, M. Tatic and Lj. Puvacic

Incel-Polyester, Banja Luka

Development of the rapid spinning technology of polyester filaments has

enabled an increase in the spinning speed from 1200 m/min to 300—400 m/min.

The texturising speeds were limited to a maximum possible number of 800,000

RPM. The application of a frictional unit made it possible to increase the textu

rising speeds three to four times. It is possible to convert the existing machines

to friction texturising ones without great investment and the speed is doubled.

Such a conversion of a Scragg SDS machine is described in this paper.

A-22. DETERMINATION OF OPTIMAL DRAWING CONDITIONS

FOR GLASS FIBRES

R. Aleksid and M. Jancic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The influence of the process variables on the drawing of uniform diameters

depends on the drawing technique. Using the technique of drawing fibres from

a rod, in order to increase the experimental efficiency, the mathematical statistical

method was used. With a second order rotation plan, a mathematical model was

developed which was used to obtain fibre drawing conditions by using canonical

analysis.

A-23. INFLUENCE OF THE DEGREE OF ELONGATION ON THE PRO

PERTIES AND STRUCTURE OF TEXTURIZED POLYAMIDE 6

R. Jovanovic and A. Lucid

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Elongation is a phase enabling the obtainment of filaments of definite

structure and physico-mechanical properties. Changes were followed on Polyamide

6 elongated to three different degrees of elongation and texturized by the process

of false spinning. The influence of the degree of elongation was followed by the

changes of physico-mechanical properties, unevenness, voluminousness, elasticity,

dye sorption, average orientation and degree of crystallinity. The degree of cry-

stallinity and orientation of the crystalline regions were determined by the X-ray

wide angle method. The average orientation was shown by double refraction.
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A-24. THE CHANGE IN END GROUP CON TENT IN POLYAMIDE FIBRE

PRODUCTION AND PROCESSING

R. Jovanovic and D. Jovanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The content of end carboxyl and amino groups in polyamide fibres is de

termined by the means of obtainment and by the processing technology, so that

it is different for different types of fibres. Also in the processes of consequent

polymerization and degradation, the content of these groups changes during various

processing phases to which polyamides are exposed. Knowing the content of

these groups, which are responsible for the reactions of polyamides, and their

changes during particular phases of the process, can provide various important

information about the processes themselves and about the properties of the fibres.

The method of conductiometric titration, which proved most convenient for these

purposes, was used to determine the end group content. The end group content

was investigated for many types of polyamide fibres and polymers during the

drying process.

A-25. INFLUENCE OF THE DRYING TIME OF POLYCARPROLACTAM

ON THE EVENNESS OF DYED KNITTED FABRICS

N. Koro, J. Zdravkovic, M. Popovic, B. Duric and M. Todorovic

„Printeks", Prizren, Educational Centrefor Textile and Leather, Belgrade, and Industry

of Synthetic Fibres, Prizren

The investigations were carried out on knitted fabrics of the type sharmes,

satin and velour manufactured from filaments made of polycaprolactam. The

knitted fabrics were dyed with acidic dyes in three shades and the influence of

various parameters was followed such as the drying time of polycaprolactam,

the dye concentration, dyeing temperature and time. The denoted parameters

have an influence on the dye evenness, especially for the velour type of knitted

fabric.

A-26. INFLUENCE OF THE DRYING TIME OF POLYCAPROLACTAM

AND THE KNITTING PARAMETERS ON THE QUALITY OF

KNITTED FABRICS

N. Koro, Z. Pasulji, M. Rakic and M. Todorovic

„Printeks", Prizren, Educational Centrefor Textile and Leather, Belgrade, and Industry

of Synthetic Fibres, Prizren

The influence of knitting parameters on knitted fabrics of the type sharmes.

satin and velour manufactured from filaments made of polycaprolactams of diffe

rent drying times on the quality of the knitted fabrics, were investigated. The

knitted fabric was manufactured at different knitting rates and base tightnesses.

The denoted parameters have an influence on the quality of the knitted fabric.

At the same time the intensity and evenness of the dyed and investigated knitted

fabrics were controlled.
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A-27. POLYAMIDE FIBERS IN THE CARPET INDUSTRY

B. Culahovic

LO Carpet Weavery, Ilid&a, Sarajevo

The use of polyamide (PA) fibers in regard to other synthetic fibers in the

production of carpets and textile floor coverings was discussed. Special attention

was paid to the characteristics of modified polyamide fibers (differentially dyeable

and antistatic types) and also to fibers that have decreased soiling capabilities

Through experimental results the processing of carpets against soiling and flamma-

bility were discussed. The results of the influence of floor covering construction

on flammability were also presented.

A-28. EFFECT OF ALIPHATIC ALCOHOLS ON THE PROPERTIES OF

THE ACRYLIC FIBER MALON

B. Mangovska and D. Petrov

Faculty of Technology, Skopje University, Skopje

Malon fiber was treated with aqueous solutions of methanol, ethylene glycol,

glycerine and butanediol of known concentrations at different temperatures and

a bath modulus of 1 : 1 5. Standard methods were used to determine the mechanical

properties, dyeability and thermal stability. Some transformations in amorphous

regions and processes completed at the supermolecular level or in parts that bond

separate structural elements are believed to take place. Negligible changes in me

chanical properties and notable changes in dyeability and thermal stability were

found, depending on the nature of the alcohol.

A-29. MACROKINETICS OF PAN FIBRE THERMAL

DECOMPOSITION

D. Spaseska, Z. Petrovic and M. Bakalovska

Institute of OHIS, — Skopje, Faculty of Technology, Novi Sad, and

Faculty of Technology, Skopje

By means of different thermal analysis measuring techniques, a macrokinetic

analysis of PAN fibre thermal decomposition was made. A PAN fibre with a

defined „biography" was thermally treated in the temperature region from 25 to

400°C, when classical kinetic parameters of destruction were identified and the

mathematical equation of PAN fibre thermal decomposition given.
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A-30. INVESTIGATION OF CHANGES IN FIBERS IN CARBONIZING

PROCESSES

P. Skundrid, R. Jovanovic, S. U&iumlic and D. Nikolic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In the processes of obtaining carbon fibers the phases of oxidative and thermal

degradation of the initial polymer and the reaction of carbonizing stand out. Changes

in various phases are followed by scanning electronic microscopy and elemental

and thermogravimetric analysis. The thermochemical interpretation and mathema

tical correlations of the thermal degradation of the initial polymer and its car

bonization were demonstrated using as examples polyacrylonitrile and cellulose

fibers.

A-31. INVESTIGATION OF POSSIBLE CHEMICO-TECHNOLOGICAL

SOLUTIONS FOR REGENERATING, CLEANING, REMOVING AND

DESTROYING TECHNOLOGICAL WASTE MATERIAL IN THE PRO

DUCTION OF PES FIBERS

P. Skundrid, R. Jovanovic, O. Stojanovic and D. Kosanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Possibilities of solving the problems of regenerating, removing or destroying

solid and liquid waste materials appearing in the production of polyester fibers

was analysed. It was shown that the regeneration and use of waste material is the

optimal solution regarding the maintaining of a raw material base, energy and

environmental protection. But regarding the economic feasibility of various pro

positions, a solution should be sought in the development of organized institutions

that would, with interested companies, work on the problem of using technological

waste material in the production of synthetic fibers.



SECTION B. MECHANICAL PROCESSING OF FIBRES

B-l. INVESTIGATION OF THE SPINNING OF REGENERATED WOOL

TO WOOLLEN YARN

M. Broncelj

Faculty of Technology, Zagreb University, Zagreb

Wool secondary raw materials are defined according to their technical com

position and their technological processing. According to these criteria these raw

materials are divided into four basic groups: Shodi, Tibet, Mungo and Alpaka.

Using stapel diagrams and spinning-technological requirements that condition the

construction of woollen yarn, the percentage of those fibres which are firmly spun

into the construction of these woollen yarns, is determined.

B-2. INFLUENCE OF THE STEAMING PROCESS AND RELAXATION

TIME ON THE CHANGE OF SOME PROPERTIES OF WOOLLEN YARN

S. Sunjka

Junior Technical College, Belgrade

The constant tendency of all producers is to obtain yarn with optimal pro

perties. The achievement of this goal above all else depends on the complex know

ledge of the influence of various parameters upon fibres as the basic structural

units of yarn and their transformation to yarn. In this paper the influence of the

steaming phase, as one of the parameters, on the changes of some properties of

woollen yarn: change in the humidity content, tension change and elongation

change, etc., was investigated.

B-3. OE TECHNOLOGY OF MAN-MADE FIBRES

M. Nikolid

Faculty of Technology, Ljubljana University, Ljubljana

Analysed are the technology and the difficulties that arise during the OE

(open end) spinning of synthetic fibres. The possible ways of prevention of these

difficulties are discussed.
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B-4. THE SURFACE ABRASION OF COTTON FABRIC MADE OF

OPEN-END YARN

S. Milosavljevic, S. Lukic and T. Tadic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Junior

Technical College, Belgrade

Plain weave cotton fabric made of open-end yarn was abraded to different

extents on a Taber Abrader Tester. Physico-mechanical and microscopic studies

of selected samples after different phases of production revealed that progressive

chemical treatment reduced their abrasive resistance. The influence of the abradant

surface nature, as well as of the type of abrasive stresses, were also investigated.

B-5. A MATHEMATICAL MODEL OF MECHANICAL DEGRADATION

AS A DEPENDENCE OF THE FINENESS AND THE TENSION OF THE

WARP

M. D. Nikolid, R. Ljubojevic and M. Milojkovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Parameters in technological processes have very important influence in fa

brics production on the efficiency of the process and on the quality of the product.

On the basis of that influence the weaving optimum was determined through the

measuring of the tension forces on classic and modern (nonshuttle) looms with

different finenesses. The obtained results were arranged according to the Box-Wilson

model of the 22 type. Thus, a connection was established between mechanical

degradation, the tension and fineness of the warp. Such a mathematical model

provides planning of the experiment.

B-6. RESEARCH ON THE DEPENDENCE OF WARP STRAIN AND THE

PHYSICAL QUALITY OF THE WEFT IN WEAVING

V. OreSkovic and J. Hadina

Faculty of Technology, Zagreb University, Zagreb

The loom machine Picanol is brought into examining condition and equipped

with a warp motion measurer and pick counter and a warp strain measurer. A

series of wefts from the thickest to the most delicate ones was woven. The measurings

of the warp strain, the length of warp motion, the number of picks and warp after

weaving are different. This shows that the warp strain is stabilized after a certain

number of pickes on higher and higher levels, according to the roughness of

the weft with more length of the warp unwrapped and interwoven. Another experi

ment with a different raw material but the same yarn count of the weft showed

that a stiffer and harder material (cotton) requires from the warp governing more

warp in the crossing point, than soft and supple woollen material. In this case
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the warp governing is also adjusted according to various interweaving to higher

or lower level of warp strain. The presented research proves that the warp negative

let off motion cannot keep a constant warp strain if the weft yarn count is varied.

It works self adjusting according to the requirements of interweaving in the

crossing point.

B-7. MATHEMATICAL AND GRAPHIC AL MODELS OF THE DEPEND

ENCE OF INTERWEAVING THE WARP AND WEFT ON LINEAR

DENSITY AND FINENESS

M. D. Nikolil, R. Ljubojevic and Z. Nikolic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Theoretical expressions for interweaving the warp and weft do not include

to a sufficient degree the influence of the fineness of the warp and weft, and linear

density of the fabric. Therefore, experimental examinations were performed in

order to determine the interweaving taking into account the given parameters. A

series of mathematical and graphical models were drawn on the basis of experi

mental results. The best calculation of interweaving the warp and weft was made

with real parameters using the elimination system.

B-8. CONTRIBUTION TO THE STRUCTURE OF FLAT KNITTED

FABRICS

B. Kolundiic

Junior Technical College, Belgrade

To calculate the mass per square meter of a knitted fabric according to known

theories, four elements (parameters) are necessary: the number of wheles and

courses, the length of yarn needed for a loop, and the fineness of yarn used for

knitting. This new theory offers a possibility to calculate quite precisely (exactly)

the mass of a flat knitted fabric per square meter knowing only three parameters

chosen freely. It is further possible to calculate quite precisely the fourth parameter

knowing the remaining three. Using only the number of courses and whales it

is possible to calculate exactly the yarn length necessary for a loop, as it is a complex

function of the whale and course numbers. This relation results since any knitted

fabric comes to an equilibrium according to exactly fixed and defined laws. These

possibilities have quite considerable industrial (practical) applications and arc also

very important for further theoretical investigations.
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B-9.THE INFLUENCE OF THE YARN GEOMETRIC CHARACTERISTICS

ON THE KNITTED FABRIC PROPERTIES AND THE STRUCTURE

S. Matic, R. Ljubojevic and E. Beslagid

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Interplet

Textile Factory, BrSko

The geometric characteristics of knitting yarn were examined. The structural

elements of knitted fabrics were correlated on the basis of yarn characteristics

and the properties of knitted structures. The structural parameters of the knitted

fabric were expressed with cover factors and coefficeints of the knitted goods.

The examinations were done on knitted fabrics with different structures and

different compositions. The influence of the yarn geometric characteristics and

structure type on the knitted properties were examined. The connection between

yarn characteristics and the properties of the knitted structures was established.

B-10. PERFORMANCE OF OPEN-END AND RING YARNS IN KNITTED

FABRICS

S. Milosavljevid, T. Tadic and T. Zivkovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Single-jersey knitted fabrics are very prone to shrinkage and distortion;

much of this distortion arises from the residual torque in the yarn. This residual

torque depends on the twist multiply, yarn count and fiber type, as well as the

manner and extent of fabric relaxation. Because of the tendency of open-end yarn

to be weaker, bulkier and more even than ring yarns, it was thought to be of interest

to investigate the relative behaviour of ring and open-end yarns in single-jersey

knitted fabrics. Experiments have been carried out in which open-end and ring

yarns of two counts were knitted, treated, tested and compared. It was evident

that properly relaxed open-end yarn makes a fabric with good appeal, reasonable

shrinkage and acceptable strength and abrasion resistance, but the behaviour of

knitted fabrics could not be directly related to the yarn properties, depending

to a great extent on the knitted fabric construction.

B-ll. THE INFLUENCE OF THE STRUCTURAL PARAMETERS ON

SOME PHYSICAL AND MECHANICAL PROPERTIES

OF KNITTED FABRICS

S. Matic and M. Dakovic"

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The structural parameters of knitted fabrics were examined and in connection

with that, the physical and mechanical properties of the knitted goods were studied.

The investigations were carried out on knitted fabrics with different structures

and different compositions for determining the dependence between the charac
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teristic parameters (loop length, loop width and height, and yarn fineness) and

some physical and mechanical properties of the knitted goods. The functional

dependence between the structural parameters and some essential properties of

knitted fabrics were found. The possibillity of anticipating some properties of

knitted fabrics in connection with structural parameters and the known properties

of the yarns and fabrics were established.

B-12. MATHEMATICAL MODELS FOR THE GEOMETRIC

CHARACTERISTICS OF PLAIN KNITTED FABRICS

S. Mati6 and R. Ljubojevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Mathematical models for the geometric characteristics of plain knitted fabrics

were done on the basis of the yarn properties and the characteristics of the knitted

structure. On the basis of the experimental data of the yarns and fibers, and knitted

structure, parameter models for the knitted fabrics were formed. Determination

of the coefficients and constants were done by regression analysis.

B-13. THE ..ROBBING BACK" PHENOMENON, A FUNDAMENTAL

FACTOR INFLUENCING THE KNITTED LOOP

I. Stupica and M. Srdjak

Faculty of Textile, University of Ljubljana, and Junior College for Textile and

Clothing, University of Zagreb

A manifestation little known in practice was investigated: the loop length

in the fabric is always considerably smaller than the theoretical length of the fabric

used in loop formation at the knitting point. The final loop length in a relaxed

fabric depends on the position of the cam setting, input tension of yarn, friction,

shape of cam and take-down weight of the fabric. The changes of loop length

caused by different input tensions are primarily the consequence of the ..robbing

back" phenomenon. Wool yarn was used for experimental sets that were made

under input tensions of 3.5, 6, 9 and 12 cN. The development of tension in the

knitting zone was calculated for different input tensions by means of the Euler

formula T> 7"ieua. The tensions caused by the take-down weight were calculated

in the same way. Thus two curves were produced the intersection of which in

dicates the position of maximum tension in the knitting zone. In the conclusion

it is pointed out that the loop length formed the loop at the position where maxi

mum tension is achieved, corresponds to the theoretical loop length explained

by the ..robbing back" phenomenon.
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B-14. THE INFLUENCE OF KNITTING PARAMETRES ON WOOL

INTERLOCK FABRIC

V. MaliS, Z. Vrljicak and M. Srdak

„Krateks", Krapina, Faculty of Technology, Zagreb, and Junior College for Textile

and Clothing, Zagreb

The experimental sets from wool yarns lubricated in different ways were

made on an interlock machine. From these yarns different structures of fabric

were produced. For each of the yarns the input tension and position of cam setting

were changed. The investigation concerned the measuring of vertical and hori

zontal density, yarn length for one loop as well as mass of one squire metre of

fabric. The fabric relaxation was analysed at time intervals. The results imply

that the input tension essentially influences the change of fabric structure. The

change in vertical density is evident, whereas the horizontal density remains essen

tially unchanged. The investigation concentrates on the fabric structure and not

on the physical qualities. The influence of the fabric parametres on the working

process and economy of production was analysed.

B-15. APPLICATION OF DIMENSIONAL ANALYSIS WITH REGARD TO

THE TAKE DOWN WEIGHT

M. Srdjak

Junior College for Textile and Clothing, Zagreb

The take-down weight on a machine with a take-down pneumatic mechanism

was analysed in detail. In order to ensure better organization of the experiment

and achieve more universal results dimensional analysis of the phenomenon was

performed. The presentation of physical quantities taking part in the experiment

made it possible to form a large number of dimensionless iz parametres, but for

practical application only three were used: ~i, n<> and 7:3. The take-down weight

was measured by means of a Wheatstone bridge, whereas micromanometers were

used in measuring the velocity of air flow and fall of static pressure. Three lengths

of fabric were investigated both in untwisted and twisted condition. 1 be investiga

tions testify that the take-down weight of a fabric depends mainly on the length

of the fabric as well as on the fabric condition.

B-16. SOME EXPERIENCES IN THE APPLICATION OF MAKLEN

FIBRES IN CARPET PRODUCTION

M. TuSkan

CI „Proleter", Zrenjanin

The behaviour of the domestic polyester fiber Maklen in the production

of tafting carpets is discussed. For this purpose a mixture of 60% Maklen and 40%

eel fiber from which yarn of 60 tex, according to the halfcombed system of spinning,
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was used. The behaviour of this yarn was followed in the manufacturing of tafting

carpets of various characteristics (base density 31.5/10 cm and 39.5/10 cm and

number of punctures 50/10 cm or 34/10 cm). The raw material was dyed priece-

wise. Through a discussion of carpet quality parameters an opinion of the be

haviour of Maklen fiber in carpet production was given.

B-17.THE STATE AND DEVELOPMENT POSSIBILITIES OF CARPET

PRODUCTION

M. Martinov

CI „Proleter", Zrenjanin

Using data of carpet production in the world and the development trends

of the manufacturing technology, the state and development possibilities of the

Yugoslav carpet industry are discussed.



SECTION C. TEXTILE AUXILIARIES AND FINISHING

C-l. NEW TRENDS IN TRANSFER PRINTING AND ITS POSITION IN

THE YUGOSLAV TEXTILE INDUSTRY

D. Dzokid and M. Novakovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Nitex,

Textile Industry, NiS

Transfer printing in the last few years has obtained significant importance

in textile printing in the world. Vapour phase printing dominates in this field

of tranfser printing, but due to limitation in fabric selection, the research of

printing possibilities of natural fiber fabrics has been stimulated. In recent years

new methods have been developed such as melt transfer, film release, pretreat-

ment methods as well as the migration transfer method. In this work the theore

tical concept and characteristics of transfer printing methods are discussed as

well as the position of transfer printing in the Yugoslav textile industry.

C-2. NEW CHEMICAL AGENTS AND THEIR REACTION

CHARACTERISTICS IN THE FINISHING OF TEXTILE FABRICS

D. D2okic, B. Hie" and S. Mladenovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, Junior Textile

College, Belgrade, and Faculty of Technology, Leskovac

Chemical finishing of cotton fabrics and blends, containing cotton (cellulose)

fibers, is based on several fundamental chemical reactions. The changes in fabric

properties due to chemical modifications may give positive as well as negative

effects. The effects achieved in finishing depend on the chemical constitution

of the applied agents, as well as on numerous factors in the finishing process. In

the last few years new finishing agents have appeared and their reaction characte

ristics are also discussed.
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C-3. THE CHEMILUMINESCENT EFFECT AS A PARAMETER FOR

MEASURING THE OXIDATION ACTIVITY OF TEXTILE

BLEACHING SOLUTION

Textile High School, Varazdin, Moscow Textile Institute, and Faculty of Technology,

Zagreb University, Zagreb

Measurements of the oxidation activity of a textile bleaching bath by the

chemilumiluminescent method at pH 10.0—10.5 have shown to be very reliable.

In this work the measurements were extended to an alkaline range from pH 7

to 12.6, at different temperatures and in the presence of small quantities of Fe3+

and Cu2+ ions. The results indicate a possibility of applying this method for

a fast control of peroxide concentration during the process of textile bleaching.

C-4. SYNTHESIS AND INVESTIGATION OF POTENTIAL OPTICAL

BRIGHTENERS

As part of our investigations on potential optical brighteners some new

substituted 2,5-bis-(2-benzothiazolyl) furans (I) (R=CH3, OCH3, NO2) have been

synthesized and the fluorescent properties studied. We have recorded the UV

absorption and fluorescence emission spectra in ethanol and acetic acid solutions

and measured the relative fluorescence in solutions of various concentrations as well

of adsorbates on paper. It was found that compounds I (R=H, CH3, OCH3)

show fluorescence and exhibit two absorption maxima in the wave length range

between 400 snd 475 nm. On the contrary, the nitro compound (R -NO2) was

not fluorescent. Such an effect of the nitro group is fully in agreement with the

literature data.

C-5. THE INFLUENCE OF OPTICAL BRIGHTENER CONCENTRATION

ON THE FLUORESCENCE AND WHITENESS OF WOOL AND

POLYAMIDE FIBRES

E. Erlac, I. SoljaciC, V. Safonov and E. Pajc

V. Tralic-Kulenovid, L. FiSer-Jakic and B. B. Karaman

Faculty of Technology, Zagreb University, Zagreb

 

I

A. M. Grancaric and I. Soljacic

Faculty of Technology, Zagreb University, Zagreb

Wool and polyamide samples were treated by several different types of optical

brighteners in a wide concentration range. The methods of exhaustion and impregna

tion were used. The application of very large concentrations of coumarin and
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pyrazoline derivatives caused a decrease in whiteness. Coumarin derivatives parti

cularly exhibited a concentration quenching of fluorescence, while the concentration

quenching of fluorescence by pyrazoline derivatives was much smaller or negligible.

The decrease in whiteness and quenching of fluorescence in most cases was regular

and could be shown by the Stern-Volmer equation. Stilbene derivatives in high

concentrations caused no decrease in whiteness nor fluorescence quenching sug

gesting a possible interaction of optical brighteners and particular groups of wool

or polyamid; fibres. In this case addition compounds are probably formed con

tributing to fluorescence.

C-6. FLUORESCENCE STUDIES ON POLYESTER FABRICS IN

DISPERSIVE DYES

N. Stipanovic and I. Soljucic

Textile Combine, Zagreb, ami Faculty of Technology, Zagreb University,

Zagreb

The influence of the fluorescent dispersive dye concentration on fluorescence

in water dispersion and adsorbates on PES fabrics was investigated. The ther-

mosel dyeing method, as well as the exhaustion method at high temperature were

employed. The fluorescence intensity, remission spectra and chromaticity points

were recorded. An increase in the fluorescent dispersive dye concentration was

found to cause the quenching of fluorescence in dispersions. However, on ad

sorbates this phenomenon was accompanied by a bathochromic shift of the re

mission maximum. A bathochromic shift of the chromaticity points on a CIE

diagram was noticed. Concentrational fluorescence quenching according to the

Stern — Volmer formula was also presented.

C-7. INVESTIGATION OF THE INFLUENCE OF PROCESS VARIABLES

ON DYESTUFF REACTIVITY

Dj. Osterman-Parac, J. Jovanovic-Kolar and N. Koprivanec

Faculty of Technology, Zagreb University, Zagreb

The behaviour of the reactive centre of some reactive dyestuffs toward protein

fibres was studied. According to that, it would be necessary to confirm the chemi

cal constitution of the reactive dyestuff, as well as the physico-chemical structure

and histological constitution of the protein fibres. In this paper the possibility

of fixating reactive dyestuffs of the 2,4-difluoro 5-chloropyrimidine, a-Br-acry-

lamide and N-methyltaurinethylsulphone type was studied, as well as the depen

dence of the pH value, temperature of fixation and time for cold dyeing. Dyestuffs

which contain antraquinone were taken to assure minimal influence of the chromo-

gene on the interaction between the dyestuff and fibre during comparative analysis.



C 59

C-8. DYEING OF PES/WOOL FABRIC AT 120°C

M. Policevic and D. Mihajlovic

„Centrotekstil" — Textile Institute, Belgrade

The well known single-bath dyeing procedure of PES/wool blends at tem

peratures over 106°C can be used only if wool is protected by a suitable agent.

Until 1976, it was mainly formaldehyde which enhanced the heat stability of

natural fibres by crosslinking the ionizable chemical groups in wool. Auxiliary

dyeing agents more effective and stable than formaldehyde have been discovered

recently. Their efficiency was investigated at temperatures between 98 and 120°C,

checking the degree of wool degradation by standard chemical and physical met

hods. Investigations encouraged the single-bath dyeing of PES/wool fabric at 120°C.

Such a procedure has considerable economic advantages and is more suitable

regarding environmental protection, due to a lesser water pollution.

C-9. AN ESTIMATE OF INDUSTRIAL TRANSFER PRINTING

J. Cerkvenik

Gorenjska Spinning Mill, Skofja Loka

In this paper the results of transfer printing obtained in the plant Gorenjska

predilnica, Skofja Loka, are discussed.

C-10. THE INFLUENCE OF THICKENER ON THE CAPABILITY OF

BONDING THE DYE TO THE FIBER

R. Trajkovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

A fabric produced of pure natural silk is printed with acid dyes. The paste

is prepared with thickeners of different origins. The dye is fixed by steaming

and the content of fixed dye is determined on samples printed with thickeners

on the basis of sea weed, starch and modified starch. It is confirmed that the con

tent of fixed dye depends on the type of thickener and degree of wetness of the

fabric which is being steamed. The printing conditions are not reflected to a great

extent on the fastness of the printed samples.
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C-ll. FORMULATION OF DYEING RECIPES BY THE KUBELKA-MUNK

RELATIONSHIP

D. Dzokic and N. Ljubotenski

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Textile

Industry, Stip

In the rapid and exact matching of an original dyeing pattern various graphical

and computing methods can be employed. The formulations of dyeing recipes

in our work were determined by means of the Kubelka-Munk relationship and

the results were experimentally tested.

C-12. METHODS OF DETERMINING THE DYEING DIFFERENCES OF

TEXTILE MATERIALS

M. Jovanovic

Wool Institute „Vunil" , Leskovac

The paper deals with simple methods for determining dyeing differences

which are now being carried out in a subjective way. The Simon Gudvin, Adams-

-Nikerson and DIN. 6164 graphical methods and their practical range of application

were investigated. The X, Y and Z values were measured on an Elrepho-Opton

colorimeter with three measuring dyeing filters.

C-13. DETERMINATION OF PARAMETERS FOR AN ISOREACTIVE

DYEING SYSTEM

M. Mitrovic and S. Mladenovic

Faculty of Technology and Metallurgy Belgrade University, and Faculty of Technology

Leskovac

Basic dyeing parameters, such as temperature and time are significant in

theoretical and practical considerations of a dye-fiber system. An isoreactive system

is analysed regarding the determination of data which define the time-temperature

program of a dyeing process. In this work a program for the determination of an,

isoreactive dyeing system is defined as well as the kinetic model of dyeing and

a relation between the rate of dyeing and temperature.

C-14. DETERMINATION OF PARAMETERS IN THE FINISHING

PROCESS OF FABRICS FOR TECHNICAL USE

D. Dzokic, B. Vasic and J. Kelava

Faculty of Technology and Metallurgy, Belgrade University, and Chemical Industry

„Balkan", Belgrade

Modern industrial production and everyday technical needs demand the

use of specially impregnated fabrics with definite properties. In this work the
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production parameters of selfadhesive fabrics have been studied, as well as their

exploitation characteristics. The laboratory investigations of adhesive formulation

and industrial experiments shown that fabrics of some natural and synthetic fibres

with definite characteristics can be used for this production.

C-15. THE INFLUENCE OF CERTAIN OPERATIONS IN THE COURSE

OF WOOLLEN FABRICS PRODUCTION ON THE EFFECT OF FIBER

MOTHPROOFING

R. Trajkovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The content of Mittin FF he on woollen fibres decreases during the course

of the production process to the final product. Operations and factors are estab

lished that to the largest degree reflect the decrease of the Mittin FF he content

during the course of the production of fabrics by the woollen and worsted treat

ment. The possibilites of decreasing the content of Mittin FF he are considered

by the modification of some operations.

C-16. FLAME RETARDANT TREATMENT OF COTTON FABRICS WITH

PHOSPHORUS COMPOUNDS

D. Dzokic, D. Bisevac and D. Adimov

Faculty of Technology and Metallurgy, Belgrade University and Cotton Textile

Industry, Belgrade

Cotton fabrics of different characteristics were treated with flame retardants

in order to determine their flame resistivity. The presence of nitrogen compounds

on the fabric can also influence the effect of the retardants, theorefore the effect

of these components on inflammability, burning and glowing have been studied.

Other values of interest for the wide application of flameproofed fabrics were

examined.

C-17. SOME EXPERIENCES IN THE FLAMEPROOFING OF

WOOL BY TITANIUM COMPOUNDS

M. Had2iahmetovic

COAL- UTI, Sarajevo, Centre for Research and Development of CI Titeks, Visoko

Woollen blankets were processed against flammability by the Zipro proce

dure with potassium fluorotitanate. The processed blankets remained soft to the

touch and kept all of their physico-chemical properties. They also satisfied the

vertical ignition test. On the processed material some side effects were noticed

that occur during the flameproofing of woollen blankets and they are also discussed.



C 62

C-18. ZEOLITE APPLICATION IN DETERGENT FORMULATIONS

V. Mijovic- and Lj. Popov ic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The production of detergents with a decreased content of sodium tripoly-

phosphate is very important from the ecological point of view. As an ingredient

that can be used as a substitute for sodium tripolyphosphate, sodium-aluminium

silicate, zeolite A, has shown desirable properties. The possibility of the degree

of substitution of sodium tripolyphosphate by zeolite A in a detergent composition

was investigated. The substitution influence on the washing effect, redisposition,

incrustation and change of the fabric mechanical properties after multiple washing

was studied.

C-19. A CONTRIBUTION TO UNDERSTANDING THE BIODEGRADA-

TION OF SOME TENSIDES IN NATURAL CONDITIONS

E. Pajc, Dj. Vasic-Racki, M. Mestric and A. Lazeta

Faculty of Technology, Zagreb, and „Textile", Zagreb

The possibility of applying the catalytic activity of Na-polyphosphate, do-

decylbenzenesulfonate and hexadecanesulfonate on the decreasing concentration of

dissolved oxygen in natural waters was examined. The presence of tensides was

measured by the chemiluminescent method. It was found that their effect in natural

conditions is the same as for bioluminenscence, and is equivalent to the concen

tration and the degree of biodegradation of tensides.

C-20.THE ANALYTICAL INVESTIGATION OF TENSIDES IN TEXTILE

N. Paid, I. Soljacic and G. Kanaet

LIO, Textile Industry, Osijek, and Faculty of Technology, Zagreb University

Zagreb

Quantitative analytical methods for trace determinations of tensides in cotton

and polyamide fabric after rinsing were investigated and the quantities of tensides

rinsed from the fabric after one to five washings were determined. For the deter

mination of the nonionogenic tenside (nonylphenolpolyglycolether containing 65%

EO) a modified colorimetric method using cobalt nitrate was applied. Determina

tion of the anion-active tenside (sodium dodecylbenzene sulphonate) was carried

out using either the Longwell-Maniece colorimetric procedure or two-phase volu

metric titration with a mixed indicator, bromophenol blue or methylene blue or

methylene blue end point detection. The described analytical methods are rela

tively simple, rapid and sensitive enough to be applied in textile industry analytical

control laboratories.
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C-21. DETERMINATION OF COPPER AND IRON IN TEXTILE

MATERIALS BY THE ANODE STRIPPING VOLTAMMETRIC METHOD

D. Katovil, I. Soljacic and I. Piljac

Textile High School, Zagreb, Faculty of Technology and Faculty of Biotechnology

of Alimentary Products, Zagreb University, Zagreb

For the determination of copper and iron in textile materials, anode stripping

voltammetry was used. Copper and iron were determined by a mercury thin film

electrode, a glassy carbon plate being used as the support. Samples of textile ma

terials were prepared by the wet washing procedure in perchloric and nitric acids

in an open system. Amounts from 2 to 100 [Agg-1, of copper and iron were deter

mined. The error in the copper determination was about 5%. As iron makes an

amalgam with mercury, it was determined by an indirect method with a Bi-EDTA

complex, so the error was higher, about 20%. It was proved that textile materials

do not act undesirably in the determination of metals by anode stripping voltam

metry, so it can successfully be used for routine controls in textile plants.

C-22. DETERMINATION OF TRACE CONCENTRATIONS OF IRON IN

TEXTILE MATERIALS

K. Moskaliuk, Lj. Bokic, I. Soljacic and M. Luketic

Faculty of Technology, Zagreb University, Zagreb

Trace concentrations of heavy metals present in textile can deteriorate the

treatment of the material. It was shown that trace concentrations of iron catalyse,

with a negative influence, the decomposition of hydrogen peroxide during the

bleaching of cotton, influence fluorescence during optical bleaching, deteriorate

dyeing, etc. A simple and fast procedure for the determination of iron present

in cotton linen in trace concentrations was developed. Standards for visual com

parison were made by foularding the cloth in standard solution of iron chloride

in acetic acid medium. The relative error of such a visual method was ± 20%

in the concentration range (10—100) x 10-8, giron/g textile. A more accurate method

is a spectrophotometric one by measuring the reemitted light and determining

the iron concentration from a calibration diagram. The relative error of this method

was ;fc 5% in the concentration range (10—40) X 10_6,g iron/g textile. The deter

mination of the iron concentration by both methods can be performed within

a few minutes and the accuracy is satisfactory, especially for industrial application.

C-23.THE CHARACTERISTICS OF TEXTILE INDUSTRY WASTE

WATERS

V. Cibulic

Institute of Wool „ Vunil", Leskovac

The characteristics of waste waters from twelve textile plants are investigated.

A comparative review of the results is presented and it is stated that waste waters
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from the woollen and cotton industry and from plants that process synthetic fibers

are the main carriers of the organic load in the chemical consumption of oxygen

of about 240 kg/h.

C-24. A STUDY OF THE REMOVAL OF DYES FROM EFFLUENTS BY

ADSORPTION ON ALUMINOSILICATES

D. Dosen-Sver, Dj. Parac-Osterman and Lj. Fiser-Jakic

Faculty of Technology, Zagreb University, Zagreb

A specific problem in waste water treatment in the textile industry are resi

dual colourings of effluents. In this work the adsorption on aluminosilicates of

different types of water-soluble dyes, used in the textile industry, was investigated.

To determine the best ratio of adsorbents and dyes and the optimal possibility

of the removal of the colourings from effluents, a water-suspension method was

used. The results of these investigations were followed by UV - and IR-absorption

measurements.



SECTION D. DESIGN AND MAUNFACTURE OF CLOTHING

D-l. A MODEL FOR RATIONAL DETERMINATION OF THE CLOTHING

SIZE RANGE FOR LARGE GROUPS OF MEN OF THE 18 TO 30 AGE

GROUP

I. Dombaj

VP 1089-3. Belgrade

The distribution laws and ratios of the basic body measurements according

to anthropological standards and a choice of the main dimensional characteristics

are given. Special attention is paid to the demands that must satisfy the main

dimensional characteristics and correlation coefficients of the main measurements.

The choice of the degree of size range is based on body form and measurement,

figure classification and figure type distribution.

D-2. CLOTHING DESIGN

D. Jaksic

VTOZD Tekstilna tehnologija, Ljubljana

Some parameters of functions which must be taken into account when

designing clothing, such as: functionality, as a dependence of the type of activity

and motion of the clothing consumer, the esthetic function of clothing, the physio

logical function that considers sweating, alergies, etc., are discussed. One of the

basic functions of clothing, protection from the cold, which is analytically shown

by an appropriate function, is covered in more detail. For the first time the combined

influence of temperature, surface shape, humidity and wind velocity on the total

resistance of clothing to thermal losses was derived.

D-3. RATIONAL DETERMINATION OF MULTILAYER

STRATUM CUTS

B. Knez

Faculty of Technology, Zagreb University, Zagreb

The possibility of a rational determination of double-size and quadruple-size

stratum cuts for different kinds of clothing was investigated, by the use of electronic
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equipment. An attempt was made to find the rate of textile savings in comparison

to mono-size cut layers. The double-size stratum cuts in relation to mono-size

ones give 1.7 to 3.1% textile savings, and quadruple-size stratum cuts 2.5 to 3.7°0.

Result comparison shows that savings between double-size and mono-size are

greater than between quadruple-size and double-size stratum cuts.

D-4. THE THERMOINSULATION CHARACTERISTICS OF DOUBLE

LAYER TISSUE COMBINATIONS WITH STICKING INTERLAYERS

S. Duboka, R. Jovanovic and Lj. Cuk

The Belgrade Cotton Combine, Belgrade, Faculty of Technology and Metallurgy,

Belgrade University, Belgrade, and The Belgrade Wool Combine, Belgrade

Double layer fabrics combinations with sticking interlayers are used in the

clothing industry in order to get ready-made clothing with better forms and a

shorter manufacturing time. Several different fabrics with different sticking inter

layers were investigated and a correlation between their thermoinsulation characte

ristics obtained by calculation and by laboratory investigations was established.The

obtained results show, that on account of the physical connections that exist bet

ween the fabrics and the sticking interlayers, arithmetical addition of the thermal

couductivity resistances of the tissue and sticking interlayer cannot be performed.

The double layer tissue is considered as single layer in a clothes- packet with all

the characteristics of any other layer in the packet.

D-5. INFLUENCE OF THE MOISTURE CONTENT ON THE

COEFFICIENT OF THERMAL CONDUCTIVITY OF CLOTHING

D. Durid, R. Jovanovic and D. Jaksic

VP-1114, Belgrade, Faculty of Technology and Metallurgy, Belgrade, and BOAL

Textile Technology, Ljubljana

Clothing has two basic functions — esthetic and protective. The protective

function may be varied. One of them is the thermal-protective function. The

basic parameter of thermal-protective properties is thermal conductivity and it

depends on fabric thickness and overlap, number and size of pores in the fabric

and the fabric raw material content and clothing content and construction. In

this paper the changes of the coefficient of thermal conductivity and sample thick

ness depending on the humidity and water content of some fabrics and two-layer

combinations basic fabric — sticky interface were investigated.
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D-6. POSSIBILITIES OF INVESTIGATING THE THERMAL

CONDUCTIVITY OF TEXTILE MATERIALS BY MEANS OF

THERMOGRAPHY

M. Andrassy, V. Hranilovic and D. Raffaelli

Junior College of Textiles and Clothing, Zagreb, and Faculty of Technology, Zagreb

University, Zagreb

The measurement of the thermal conductivity as the basic thermal property

of textile materials is linked with many difficulties and uncertainties. Therefore

thermography appears as an alternative method which promises more accurate

results. Thermography is a contactless method of measuring temperature and its

distribution on body surfaces. A special advantage of this method is the execution

speed of qualitative and comparative investigations. Its working principle is based

on the estimation of the intensity of the radiation of bodies in some ranges of the

infrared spectrum. The thermal properties of textile materials are specially im

portant in respect to the fact that the basic function of clothing is to protect the

body from unfavourable surrounding conditions. Based on some examples, the

possibilities of the application of thermography for determining the thermal con

ductivity of textile materials is given in the paper. The influence of the material,

density and weight are discussed.

D-7. USE OF CONTROL CHARTS IN CLOTHING PRODUCTION

S. Matic, V. Mijovic and B. Kostur

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The usage of quality control in clothing production was studied. The possibi

lity of using control charts in the production of outerwear was established. A

selection of cloth articles was made for following the quality control of the products

in the initial control, mid control, and final control. The formation of control

charts is done on the basis of portions of bad pieces and errors in the product.

The use of p and np charts in the final control for following clothing production

was done for a few articles.





XXIV CABETOBAEbE XEMHHAPA CP

BSBOJSfH CAOimiTEBbA



I. OniUTA H HEOPrAHCKA XEMHJA

CEKUHJCKO IIPEaABAH.Fi

I-SP. JE^HO,IIHMEH3HOHAJIHH METAJIH

P. dojaKOBiih

TexHo.iouiKO-MeiuajiypiuKU <p~aKyAw.eiu, Eeoepad

JXbt je npemeA jeAHe HOBe Knace HeopraHCKHX h opraHCKHx jeaHibCFi>a

koa kojhx no^HAiepHa crpyicrypa yoriOBJbaBa Hena aaHHMJbHBa 11 noTeHinijajiHO

KopncHa (J)H3HMKo-xeMHja<a cBojcrBa, npBeHCTBeno aHaray np0BOA.T>HB0CT ejieK-

TpHMHe CTpyje y npaBuy jeAHe oa KpHcrajiorpatpcKHX oca. 06jiacT tiix T3B. „jeAHO-

AHMeH3HCHajiHnx mctsuib" noAejbeHa je y obom nperjie^y Ha ABe rpyne. Y npBoj

cy pa3M0TpeHH MaTepnjaaH koa kc)'hx ce Kao AOMHHaHTaH crpyKTypHH mothb

jaBJba npHcycTBO GecKOHaTOHX crySoBa H3rpafjeHHx oa iuiaHapHHX MOJieKyjia. H3-

.io>KeHH cy (paKTopH oa kojhx 3aBHCH creneH MeiajiHor KapaKTepa obiix CHCTe.ua,

noce6HO KpiromHa yjiora HeHejio6pojHor (popiwajiHor OKCHAaijHOHOHr CTan>a. y Apy-

roj rpynn cy npnKa3aHH MOjieKyjicKH MeranH Kojn ce OAJiHKyjy npucyerBOM

JiaHaua aTOMa y CBojoj KpHCTajmoj pemerKH. IloceSaH HarjiacaK je cTaBJBeH Ha

crpyKTypy h ocoShhc CHCTeiwa Ha 6a3H nojiH(cyMnop-HHTpnAa).

1-1. nPOyHABAH>E AMHHO-KHCEJIHHA KOOPJ1HHOBAHIIX 3A

KOEAJIT(III) 15N NMR CnEKTPOCKOnHJOM

H. JypaHHb, P. JI. JlnxTep, M. E. Tiejian, M. J. MajiHHap hII. H. PaAHBojuua

TlpupodHO-Maw.eMaw.uuKU 0anyAuteiu, Eeoepad u Xaniuep Ko/ieu, IbyjopuiKu epadcKU

yHueep3uuieui , IbyjopK, CAJJ

OApeljeHH cy 15N NMR xeivrnjcKH nowauH a,yiHHo-i<HcejrHHa Ko^pAHHOBaHHx

Kao aMHHO-Kap6oKCHJiaTHH xejiaTHHH JinraHAH 3a Ko6ajrr (III) y ~k-cis (NOi)-trans-

-(NH2)-[Co (N02)2 (Am)2 (Am)2]^"mi| KOMiuieKCHMa (AmH =aMHHO-KHce.unHa)

XeiwHjcKH nojviaK a30Ta KojH je ahpcktho Be3aH 3a Ko6a.Tr(III) Beo.ua je noiwepcH

na BeheM 3aKJiaH>aiby y nope!)eiby ca xeMiijcKHM noiwaKOM cjto6oAHor ji irama,

HBHTep-joHa hjih npoTOHH30BaHe aiwHHO-KHce.THHe. BcjiHWHa obof- no.uaKa F<a bc-

heM 3aKjiaifeaH>y obhch 0 Bpcra aMHHO-KHcejiHHe.
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1-2. KOOP^HHAUHOHH ITOMAUH

y 15N NMR CnEKTPHMA rjIHHHHCKOr H ETHJIEH-JIHAMHHCKOr

.IHrAHJIA y KOBAJIT(III)-KOMnJIEKCHMA

H.JypaHHb h P. JI. Jlnxrep

npupodHo-MoiueMauiuHKu (fiaxyAuieui, Eeoepad u Xaniuep Kone\i, IbyjopiuKU epadcKU

yHueep3uiueiu, IbyjopK, CAJJ

,Ho6HjeHH cy 15N NMR cneicrpH KOMiuieKca THna [Co(ox)z(gly)y(en)z]

(oxH-2 = OKcarma KHce;ntHa, glyH = ivihhhh, en = eTHJieH-flHaMiw). 15NNMR

cnTHaaH muuHHCKor h eranen-flHaMHHCKor jiHraima noKa3yjy BemiKH koopah-

HaxnioHii noMaK, ko)h ce Kpehe oa —19 ao —62 ppm. Obh KoopaHHauHOHH no-

xaioa cy Beaua occtjbhbh Ha yTimaj rrans-jmraTopa, a yrauaj cw-jiHraTopa je

vuH>e H3pa>KeH h cynpoTHor je cAiepa oa yrauaja f>ans-jinraTopa. Jta-ro je TeopHjcKO

o6janiH>eii>e 3ana»ceHHX KOopflHHauHOHHx no.waKa.

1-3. CHHTE3A (rJIHimJI-rjIHUHHATO)-HHTPO-(nPOnHJIEH-^,HA-

MHH)-KOEAJITA(III) H HCIlHTHBAIfeE PEAKTHBHOCTH KOOP^HHO-

BAHHX JIHrAHAHA

Jb. Cojiyjub, M. B. Tiejian h T. Ca6o

npiipodHO-MaiueMaiuuHKU (fiaxyjiiueui , Eeoepad

PeaKimjoM (rjiHHHji-rjuuBiHaTo)-HHTpo-(nponHJieH-AHaMHH)-Ko6ajiaTa(III),

KojM je ,no6HBeH aejcTBOM nponHjieH-AHaMHHa Ha mer-[Co(glygly)(NC>2)3]2~, ca

aqeTa.uexHAOM y 6a3HOM pacTBopy (pH = 1 1), Ha cooHoj TeMnepaTypu, floSiiBena

cy Tpn KOHneH3auHOHa npoH3Boaa. IIoMohy ejieKTpoHCKHx h PMR ciieicrapa

\TBpl)eHO je aa npBH H30jiOBaHH KOAiruieKC npeAcraBJba UlH(pOBy 6a3y AHnenTHfl-

Hor .THranaa nojia3Hor KOJvuuieKca; Apyra .hoShbchh KOMruieKC je K0H,neH3auHOHH

npoH3BOfl aHeTajiaexHfla h N-TepMHHajme CH2 rpyne /HinenTHflHor JiHraHAa no-

.ia3Hor jefliiH>eH>a, a TpehH npoH3Boa npeflCTaBJBa UlH(poBy 6a3y flHaMHHcnor

.THraHaa no;ia3He cyncraHu,e. Ha Kpajy, pa3iwaTpaH je Moryhn MexaHH3aM hchhth-

BaHe peaKUHje.

1-4. yTHUAJ AnCOJiyTHE KOHOHryPALlHJE KOMnJIEKCA HA

ftHXOBE flr-BPEJUiOCTH flOBHBEHE XPOMATOITAOHJOM HA

TAHKOM CJIOjy AJiyMHHHjyM-OKCHJIA

M. B. 'Rciaii, T. H. ByMKOBHh,T.J.JaiiHh, M.J. Majmnap 11 II. H. PaflHBojma

npupodHO-MauieMaiuuHKU (paKyniueiu, Eeoepad

tt ■ ";aH je yTHHaj ancojiyrHe KOHipHrypaunje KOMiuieKca Ko6a.iTa(III) Ha

10CTH flo6HBene xpoiwaTorpacpHjoM Ha TaHKOiw cjiojy ajiyMHHHjyiw-

• iTorpacpHcaHO je 19 napoBa yHyTpauiibHX flHjacTepeoH30Mepa,

ih HeKe oa cieaehnx jiHraHa#a: rjiHUHH, L- hjih D-aMnno-KK-

yny, aMOHnjaK, 1 ,2-flHaMHHoeTaH h 1 jS-AnaMHHorponan. OflBa
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jaite je nocTHTHyTO noMohy 13 MOHOKOAinoHeHTHHX h 10 noJiHKOMnoHeHTHHX pacTBa-

pa'ia. yropr)eHO je fla iurjacTepeoH30MepH Here ancoxryrHe KOH^Hrypannje, kojh

caflpwe KOopflHHOBaHy aiviHHO-KHCejiHHy Here anconyrHe KOHtJmrypairHje h kojh

npHna^ajy hctom xoiwojioroM HH3y, HAiajy Behe hjih iwaite Rf-BpeflHocra on zwja-

CTepeoH30Mepa cynporoe ancojryTHe KOH(})HrypauHje, 6e3 o63Hpa Ha ynoTpeSibeHH

pacTBapaq. IlpeTnocTaBJbeHO je aa je MexaHH3aM oflBajaH>a aacopmnija. llpea-

jio>KeHa je HOBa MoryhHOcr 3a OAper)HBaH>e ancojryTHe KOH^Hrypannje KOMn.ieKca

Hcror xoiwojioror HH3a.

1-5. EJIEKTPOOHJIHA CynCTHTYUHJA

Cr(III) y KOMnJIEKCy Ca-EDTA

C. Capufa h H. Taji

npupodHO-MaiuejuauiuHKU (fiaKyjiuieiu, Eeoepad

CneKTpo(J)OTOMeTpHjcKH je npaheHa KHHeTHKa ejieKTpo(J)HJiHe cyncTHTyuHje

Cr(III)+Ca(EDTA) Ca(II)+Cr(EDTA)

rae je aHjoH eTHJieHxnraMHHreTpacHpheTHa KHcejiHHa. Jl,o6HBeHe cy KHHera^Ke

KpnBe y npHcycTBy BejiHKor BHuma peaKTaHra Ca-EDTA, npn pa3HHM pH Bpea-

HOCTHMa pacTBopa h Ha pa3HHM TeMnepaTypaivia. EKcnepHMeHTanHH peayjrrara cy

aHajiH3HpaHH ca rjieflHurra flBa Moryha iwexaHH3Ma peaKiinje: (1) flHcointjaTHBHH

nyr, to jecre xuiCOUHjanHja Ca-EDTA KOAiruieKca h cyKuecHBHo rparjeite Cr(III)-

-EDTA, h (2) acoimjaTHBHH nyT, Kojn npeTnocTaBJba rpar)eH>e flHHyKJieapHor

Cr(III)-Ca-EDTA HHTepiweflnjepa.

1-6. HCnHTHBAH>E nPOIJECA H3MEHE

Cu2+/H+ JOHA H TPAHCOOPMAUHOHHX nOJABA HA AMOPOHOM

UHPKOHHjyM-OOCOATy

II. Hjrah, B. nenapeK, A. PyBapaq h A. Tojorh

TexHUHKU (fiaxyAiueiu , Eop, Muciuumyui 3a neopeancKy mexHOAoiujy lIexocjtoeauKe

AxadeMuja htayxa, npae, HCCP u HHCwuwyuL 3a HyKJieapue nayne „Bopuc Kudpun",

BuHMa-Eeozpad

HcnHTHBaH je irponec n3MeHe joHa Cu2+/H+ Ha a/viop(J)HOM uHpKOHHjyM-

-4>oc<J)aTy Ha LKB MHKpoKajiopHMeTpy, ran 8700-1, y3 HHreHBHBHO Meuiarbe. y

cbhm HcraiTHBaifcHMa MBpcra (J>a3a je 6mia Hera, rok je Boaeny (jmy MHHHJia cjweina

pacrBopa CuCl2 h HC1, npn KOHcraHTHoj joHcuoj janHHH pacTBopa (7 — 0,1 ).

Ha ocHOBy pe3yjrraTa Mepeita peaiarHOHHx TomiOTa MOHte ce KOHcraTOBara a.a

npn yHouieay cop6eHra y CHcreMy Kojn cazip>KH pacrBop Cu2+ er3Hcrapajy Haj-

inaH>e jiBC peaKunje h to: peaionija KBameH>a copSeHra Koja flaje er30TepMHH

ToruiOTHH e4>eKar h peanunja H3MeHe joHa Cu2+ ca boaohhkobhm joHOM y HBpcroj

4)a3H aMop<J)Hor HHpKOHHjyM-cJjoaJma, Koja aaje enaoTepMHH e4>eKaT. Ha ocHOBy

pe3yjiTaTa HcnHraBasba y3opaKa aMopcJjHor nHpKOHHjyM-(J)oc(J)aTa y paiiy je yKasano

Ha iworyhHOCT eraHcreHnHje (J>a3HHx npojweHa cop6eHTa y Tony H3Mene Cu2r/H+

joHa h Ha Beojvta hhckh creneH KpHCTajiHocra npenapara.
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1-7. MEPEIfcE PEAKIJHOHE TOIIJIOTE H3MEHE

Cu2+/H+ JOHA HA AMOPOHOM miPKOHHJYM-OOCOATy

II. Hjinfa, A. PyBapaii, B. IleKapeK h A. Tojiwh

TexHUHKU <f>a.Ky.iuieiu, Bop, Hnciuuuiyiu 3a HyKAeapHe nayne „Eopuc Kudpun",

Buma-Eeozpad u HHciuuiuyiii 3a neopzancKy uiexHOAoeujy ^exocAoeaHKe AnadeMuje

nayna Ilpaz, *ICCP

HcmiTHBaH je npouec H3AieHe joHa Cu2+/H+ Ha aMopcpHOM HHpKOHHjyM-cpoc-

(paiy Ha flBa paajnwHTa rana MHKpoKajiopHMCTpa . y npBOM oiyiajy je KopHiiiheH

Ka-iopHMcrap nina Calvet, (pnpMe Standard Telephones & Cables, EnrjiecKa, rae je

y peaKUHOHOM cyzry 6mia Bpjio cnopa KHHeraKa nponeca H3MeHe joHa Cu2+/H+.

y obo.h cryqajy ycjiea Beonia cnope KHHeraKe H3MeHe, npouec joHCKe H3MeHe

Cu2+ ca H+ joHOM Ha ajviopcpHOM irHpKOHHjyM-tpoccpaTy, oahocho yKynHH enzio-

Tep.MHH etpeKaT, n&T je y bcjihkom BpeMeHCKOM HHTepBajiy. y apyroM cjryqajy,

Mepen>e peaKUHOHe TonjiOTe H3MeHe joHa Cu2+/H+ BpineHO je Ha H3OTepiwajiH0M

jHCpepeHUHjairaoAi MUKpoKajiopHMerpy, NI-Pe>K, *ICCP, y3 hhtch3hbho Memaite

CHCTejwa. HcnHTHBaH>e, koa o6a rana MHKpoKajiopHAieTpa, BpuieHa cy ca CMeuiOM

pacrBopa CuCl2 h HC1, ynynHe joHCKe ja«iHHeI=0,l. Ha ocHOBy KajiopHMerpHjc-

khx MepeH>a H3MeHe joHa Cu2+/H+ oaper)eHa je H30TepMaH h yKynHH toiuiothh

apeKaT Kojn ca^pHCH, ochm TonjiOTe peaKHHje H3MeHe joHa Cu2+/H+ h TonnoTy

KBauieH>a joHOH3MeH>HBaqa, Ton.ioTy pa36jia>KHBaH>a pacrBopa h TonjiOTy xnapa-

Tamije joHa.

1-8. XJWOJIH3A BAKAP(II)-JOHA y HATPHjyM XJIOPHJUiOJ

CPEtfHHH

H. E. MHJinh h n. Byp^csiifc

npupodno-MauieMauiuHKu (fiaxyAtueui, Kpaeyjeeatf

H3yqaBaHa je xnapojiH3a 6aKap(II)-joHa y 3,0 M (Na)Cl cpeflHHH AieroaoM

noreHnnoMeTpHjcKHX THTpaunja Ha 25°. JXoSnjemi no,uau,H noKa3yjy ga 6aKap(II)-

-joHH xHapOj*m3yjy y o6jiacTH pH 4 go 5 3aBHCHO on H>eroBe KOHueHTpanHje. Ca

nopacroM KOHueHTpauHje 6aKap(II)-joHa noqeraK XHflpojiH3e ce noiwepa Ka hhhchm

BpeOTOcTHMa pH. 36or jiaKor npejiacKa y kojiohaho craH>e mm H3flBajaH»a y

oojmKy Tanora bpchhocth xHapoKCHAHor opoja 6aKpa cy pe^araBHO hhckc, no-

ceSHO ma bhujhx KOHueHTpaunja 6anpa.

1-9. XHflPOJIH3A TOPHjyM(IV)-JOHA y HATPHjyM

nEPXJIOPATHOJ CPEJIHHH

H. E. MHJiHh, >K. a. EyrapiHfe h fl. TockhH

IIpupodHO-MauieMaiuuHKU (fiaxyAuieui, Kpaeyjeeatf

H3yqasaHa je xnapojiH3a TopHjyAi(IV)-joHa y pa3JiHiHTHM KOHneirrpanHjaMa

HaTpHjyM nepxriopaTHe cpeflHHe MeroflOM noTeHnHOMerpHjcKHx THTpanwja na 25".
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,H,o6HjeHH noaauH noKa3yjy m o6hm xnapojiH3e pacre ca nopacroM KOHuempa-

Hiije TopHjyMa, a onaaa ca nopacroM KOHueHTpauHje joHa cpeflHHe. CacTaB XHflpo-

jihthhkhx KOMiuieKca h ibHXOBe KOHCTaHTe CTa6njrHOCTH, TaKolje, yK.a3yjy Ha

ecpeKaT cpeaHHe. Ha ocHOBy pe3yjiTaTa XHflpojra3e TopHjyMa y HaTpHjyjn hht-

paTHoj, xjiopHAHoj h nepxjiopaTHoj cpeflHHH pa3MaTpaH je ecpeKaT KOMiuieKCHpaH>a

TopHjyMa ca aiijoHHMa cpeflHHC.

1-10. KATAJIHTH4KA AKTHBHOCT

FeS04 V PACTOnJLEHHM COJIHMA

M. ;iojwnii<)Bnh, Al. illyuiHh h C. MeHTyc

Iliicuiituiyw 3a xcMiijy, uiexHOAOiujy u MeuiaAypeujy, Eeoepad u IIpupodHO-Maule-

.uauluHKU (fiahyjiiueui , Eeoipad

HcroiTHBaHa je KaTajiHTHHKa aKTHBHOCT pacTOiDbeHHX cinema:

FeS04-K2S207-K2S04-Li>S04 h FeS04-K2S207-K2S04-ZnS04 ca pa3JiHMHTiiM

MOJicKHM npoueHTHMa FeS04 (3,0 h 18,0) Ha 515, 530 h 560°. HaljeHO je aa ce

OBH CHCTQV1H MOry KOpHCTHTH KaO XOMOreHH KaTajIH3aTOpH 3a OKCHflaUHjy SO2

y SO3. Mcpeiia je 6p3HHa OKCHAauwje SO> y KonraKTy ca tc^hhm KaTajiH3aTopoivi .

Ml. yriOPE^HA HCHHTHBAHjA HPHPO^HHX MArHETHTA KAO

OCHOBE KATAJIH3ATOPA 3A CHHTE3Y AMOHHJAKA

B. JX- AjiencHh, M. FpyjHh h C. Hbkobh&

HHciuuiuyiu 3a xejuujy, iuexHOAOiujy u MeuiaAypeujy ,

Ecoepad u Pydnuuu Majdanuen

MarHeTHT npeflcraBJBa ocHOBy i<oje ce floGnjajy HajaKTHBHHjn KaiajiH-

3aTopH 3a CHHTe3y aMOHHjaKa. y iputy yTBpt)HBaH>a MoryhHOcra H3paae naTajiH-

3aTopa Ha 6a3H aoiwaher MaraeTHTa, H3BpiueHa cy HcnHTHBaH,a (pH3HHKo-xe»iHjcKHX

KapaKTepHCTHKa warHeTHTa H3 Hajia3Hurra y MajflamieKy h MarHeTHra H3 H£Uia-

3HuiTa KpHBoj Por y CCCP h MajiM6epreT y UlBeacKoj. AHajiH3e ca^p>Kaja

upHAieca, oflHoca Fe2+/Fe3+, (pa3Hor cacraBa Kao h TepMHjcKor noHauiaH>a hcith-

THBaHHX y3opaKa, noKa3ajie cy aa je MarHeTHT Kojn ce H3flBaja y MajAamieKy

BeoMa noroflaH Kao ocHOBa KaTajiH3aTopa 3a CHHTe3y aMOHHjai<a. PIpHMece noje

caap>KH Ham MarHeTHT He upeTcraBJbajy HHxn6HTope; HeuiTO je BehH caapncaj

cH.iHHHjyMa HHjn (J)33hh o6jthk Tpe6a 6.uH>Ke AecpHHHcaTH Kano 6h ce npHiweHHO

oaroBapajyhH nocTynaK 3a peryjincaifce KOHHeHTpauHje OBor npoMoropa y KaTa-

jiH3aTopy.
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1-12. AKTHBHOCT ZnO-CuO-Cr203 CHCTEMA

y PA3JIATAH>y METAHOJIA

A. TepjieuKH-BapHMeBHh, B. Tp6Hh h JosaHOBiih

Hmmuuiyw. 3a xeMujy, iuexHonoiujy u Mewcuiypmjy , Eeoepad

HoiHTaHe cy KaTajiHTHMKa ekthbhoct h cejiei<THBHOCT h oGpaqyHaTe eHepraje

aicraBaipijt peaKunje pa3jiaraita MeraHOJia Ha ZnO, Cr203, ZnCr204, ZnO-ZnCr>C>4

h Cu-ZnCr204 CHCTCMHiwa. IlpoflHCKyTOBaHa je yjiora nojeflHHamrax KOiwnoHeHaTa

y aKTHBHOCTH HCIUITHBaHHX KatajIHTHHKHX CHCTeMa.

1-13. nPHMEHA JIHOEPEHHHJAJIHE MHKPOKAJIOPHMETPHJCKE

METOPE 3A OAPE"BHBAH>E AKTHBHE IIOBPIIIHHE KATAJIH3ATOPA

HA EA3H EJIEMEHTAPHOr BAKPA

C. B. JoBaHOBHh, 3. MapjaHOBHh h T. Pacyjrah

XeMujcKa undycuipuja „nameeo", nanneeo

npeoJweT OBor pa#a je 6ho HcnHTHBan>e AioryhHocra npnMeHe flHcpepeHUH-

jajiHe MHKpoKajiopHMeTpHje 3a oapefjHBaii>e aKTHBHe noBpuiHHe KaTajiH3aTopa. Me-

Toaa ce cacTojH y o,upefjHBaH>y eHepraje pe,iryKUHje KynpH-OKCHAa npHcyTHor y

KaTajiH3aTopy, nao h eHepraje peAyKiuije KynpH-OKCn.ua p. a. na MHKpoKajropH-

MCTpy DSC-LB y AHHaiwH^Koj aTMOccpepn BOflOHHKa. MeroAOM KOHTHHynpaHor

npoTOKa h npHMeHOM BET- jeflHaqHHe 0flpet)eHa je cneini(pHqHa noBpuiHHa Kynpn-

-OKCHfla p- a. H3 oflHoca eHepraje pe,uyKUHje KynpH-OKCHfla y KaTajiH3aTopy h

eHepraje peayKimje Kynpn-OKCHfla p. a. i<ao h cneuH<pHMHe noBpuiHHe KynpH-OK-

cuna p. a. Oflpe^eHa je cneuHcpHiHa noBpuiHHa Kynpn-OKCHfla y y3opuHiwa KaTa-

.iH3aTopa. Flopeljefte flo6njeHHx BpeAHoc™ cueuHcpHHHe noBpuiHHe Kyupn-OKCHya

y KaTajiH3aTopy, ca pe3yjTraTHMa oapel)HBaH>a h.hxobc aKTHBHOCTH, noKa3ajio je,

aa obom MCTOAOAi OApe^eHe cneimtpHiHe noBpuiHHe, npeAcraBJBajy Mepano aK

THBHe noBpuiHHe KaiajiH3aTopa.

1-14. HCTIHTHBAIfcE nPOMEHA AKTHBHE KOMnOHEHTE KATAJIH-

3ATOPA 3A HHCKO-TEMnEPATYPHY KOHBEP3HJY

yrjBEH-MOHOKCHJIA nPOY3POKOBAHHX PErEHEPAUHJOM

Y KHJiyCTPHJCKOM PEAKTOPy

T. Pacyjinh, Jb. MnjiaHOBHh h C. B. JoBaHOBHh

XeMujcxa uudyciupuja yjlanneeo" , Ilanneeo

KaTa/iH3aTop Ha 6a3H ZnO-CuO-Cr203 3a HHCKOTeiwnepaTypHy KonBep3Hjy

yrn.eHMOHOKCHfla oceTjbHB je Ha flejcrBO noBHiueHHX TeMnepaTypa h yTHuaj cyiw-

nopHHX h xnopHHX jeAHiteifea Kojn npeflCTaBJbajy otpob 3a OBaj KaTa.iH3aTop .

y TOKy KopHiuheH>a KaTajiH3aTopa y HHAycrpHjcKOM peaKTopy aojia3H ao yKpyn-

n>auaiba KpHcrajia eneiweHTapHor 6aKpa, iuto npoyiponyje Aeai<THBauHjy KaTajiH-

3aropa. npouecoM pereHepaimje, Koja ce npeABHl)a 3a KaTa.ranaTope na 6a3H
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oKcii^a xpoMa, nooojbiuaBa ce H>HXOBa aKTHBHOcr, o^hocho npo;ry>KaBa ce pa^mi

bck KaTajiH3aTopa. Ujuh OBor pa^a 6ho je HcnHTHBaa>e npoiweHa aKTHBHe KOMno-

HeHre KaTajiH3aTopa 3a HHCKOTeMnepaiypHy KOHBep3Hjy yrjbeH-MOHOKCHfla npoy3-

poKOBaHHM pereHepaunjaivia y HHflycrpHjcKOM peaicropy. OKCitnanHjoM KaTajiHTHM-

Kor nyH.eH>a, Koja npeacraBJba npBy (pray pereHepanHje KaTajiH3aTopa, aKTHBHa

noBpuiHHa ce noBeha 3a oko 10—20% y OflHOcy Ha KaTa.ra3aTop npe pereHepaiwje.

y apyroj 4>a3H pereHepannje, Koja ce H3B0aH npaiteM OKCuancaHor KaTajiHTHMKor

nyH>eH>a, nocTHwe ce .aajte noBehaifce aKTHBHe noBpuiHHe 3a 9—16%.

1-15. nPEPAHA rPAHYJIHCAHOr OCTATKA H3 riETiH 3A

CnA.l>HBAHjE UPHOr JIYrA. II. PAa^BAJAHjE Na2S04 h NaCl

C. ripH6HheBHh, 3. YHrep h E. Xounh

TexHOAOuiKu (fiaxy/iuieui, Hoeu Cad, Mhcutuiuyui Codaco, Tyina u

TexHOAOutKU (paKyAuieui, 3aepe6

TpaHyjie 3aocrajie nooie cnajbHBan>a npHor jiyra cy .nyweHC pacrBopoM HC1

y3 HaKHaflHO HeyrpajincaHe. 3aocraje pacrBop Na+, K+, SOJ+ h CI". IlpHcyTHH

NazS h Na2S03 ce pa3iia>Ky h npel)y y xjiopn/ie. KomninnpaH je nyT KpHcrajiH-

3aunje cojih, Kojn oiworyhyje aoGnja&e: Na2S04. IOH2O, NaCl h ocra-ma,

Kojn caAp>KH K+ h ocrajie npHMece. HcKopnuiheifce Na2SC>4 je 90—95%, NaCl

oko 90%. Pe3yjiTaTH aajy noajiory 3a npojeKTOBaH>e nocrpojeifca 3a flodnjaite

TprOBanKor Na2S04 h jecraBe cojih.

1-16. I1PEPA£A TPAHyJIHCAHOr OCTATKA H3 nE"RH 3A

CIIAJbHBAIfcE UPHOr JiyTA.

I. PA3£BAJAH>E Na2C08 h Na2S04

C. npHGHheBHh, 3. yHrep h E. Xounh

TexHOAOutKU $aKAU)eui, Hneu Cag, Hhtcuiuuiyiu Cogaco, Ty3Aa u TexHOAOuiKu

(fiaxyAuieui, 3aipe6

TpaHyjie 3aocrajie nocne cnajbHBaH>a npHor Jiyra cy jiyweHe bo/jom. JJoSnjeH

je pacrBop Na+, K+II COl+, C1+, SO?+ h HzO. £e(pHHHcaH je njrr 3a pa3-

ABajaa>e cojth y rpyne: NaHCOs, Na2S04. IOH2O h ocraTaK Kojn caap>KH He-

wcTohe. Jle<})HHHcaH je h nyr 3a pa3ABajaH>e y rpyne Na2S04. IOH2O, Na2COs.

IOH2O h ocraTaK Kojn ca^p>KH HeMncrohe. HcKopHiuhen>e Na2COs je oko 90% a

Na2S04 90—90% . Pe3yjrraTH aajy noajiory 3a npojeKTOBaibe nocTpojeH>a 3a ao-

6njaH>e TproBawor Na2S04 n noBpaT Na2COs. IOH2O huh NaHCOs y nponecy.
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1-17. JIAKH KEPAMH1KH MATEPHJAJI CA XHJ1POCHJ1HKATHOM

BE3HBHOM KOMnOHEHTOM

E. IlaBjioBCKH, C. 3a<pnpoBCKH h B. 3jiaraHOBHfc

TexHOAOuiKU (fiaKyAuieiu , Cxoiije

npmcasaH je nocrynaK 3a Ao6njaH>e JTaKor KepaAumKor jwaTepHja^a ca XHflpo-

oLiHKaTHHM Bosom on nyMHUHT-neM3e. Hcuirniua&ea cy BpmeHa ca flBa rpanyjio-

MeTpHjcKa cacraBa nyjyunmT-neM3e h ca floaaTKOM 10—30% Ca(OH)2. ripo6Ha

rena cy o^wpiUMBB Ha flBa Hamma: pywHHM Ha6HjaH>eM h siexaHBraKHM y3 nojwoh

npece. Ilo H3BpineHOM (J)opMHpaH>y, npo6Hea Tejia ce ynapyjy y ayroioiaBy non

npHTHCKOM ofl 0,1 MPa. JXo6u]eHH npoH3Bo;ni HMajy sanpeAiHHCKy Macy Maity

on 1200 kg/m2 h Mory ce KJiaciMpHimpaTH y jiane KepaMHWKe MaTepHjajie.

1-18. .HOEHJARE HATPHJYM-XH^POCHJIHKATA AJIKAJTHHM

TPETMAHOM TYOA

B. 3jiftTaBOBHb, C. 3acJ)npoBCKH, M. MajiomeBCKH K E. IlaBJiOBCKH

TexHOAOtuKu {fiaxyauieui, Cxouje

H3BpuieH0 je HcromiBaibe pacTBopjbHBOCTH Tycpa ca bhcokhm caapwajeM

Si02 y amcajnioM pacTBopy (NaOH) pa3JimmTe KOHuempaimje, npH pa3jmmtTHM

TeMnepaiypaMa h BpejueHy TpenwaHa. IlpH TOMe cy #o6njeHH pa3jnmHTn HaTpnyM-

-xRApocHJiHKaTH, Aiel)y KojHMa ce Haua3e h TaKBH npoayKTH cnHTe3e Kojn ce

nory KopncTHTH y HHflycTpHjH aeTepreHaTa h y HeopraHCKoj chhtc3h 3eojmTa.

HcroBpejweHO je o^pe^eHa h KHHemKa 6p3HHe pacrBapaH>a npHMeHOM cpeHOMeHO-

nouiKe jeoHamrae ABpaitm-JepotpejeBa y rpaHHuajwa HcimraBaifea.

I-l§. nOJIHTEPMHO CHHTEPOBAIfcE AKTHBHOr nPAXA MgO

M. MwiomeBCKH

TexHOAOuiKU <f)akv. lutein, Cxoiije

IIpaheHa je KHHCTHKa Ao6njaH>a aimiHuor npaxa MgO, nytc.m acxhapokchjih-

:taunje Mg(OH)2. HaeHTHCpKUHpaHH cy KjiacHUHH khhcthukh napaiweTpH ao6h-

jaa>a MgO. Akthbhh npax MgO je cHirrepoBait nofl nojiHTepauniM yaroBHMa,

npH nearly je HAetrnKpiompaH onepaTHBHH .>iexaHn:ia.w npeHoca Mace.
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1-20. TEPMOJIHHAMHHKH ACnEKTH PEAKIJHJE HACTAHKA CEKYH-

JJAPHOr MYJIHTA H3 PACTOnA K-OEJIJICnATA

B. )KHBaHOBHh, M. GreBaHOBHh h J. PaHorajen.

TexHOJioiuxu cfiaxyAuieui, Hoeu Cad

IlpHKa3aH je TepMOflHHajvumKH npopa^yH 3aBHCHOCTH eraHAapAHe cjioSoahc

eHeprHje oa reiwiepaType CHHrepoBaH>a ejieKTponopuejiaHCKe Mace 3a CKyn xe-

mh)ckhx peaKnnja Koje onncyjy HacraHaK ceKynnapHor MyjiHTa y pacrony K-<J)ejiA-

cnaTa. AHajm30M paBHOTOKHor flHjarpaMa craH>a K20-Al203-Si02 npeTnocraB-ttH

je tok xeAinjcKHX peaKunja y pacrony K-(pejiflcnaTa a oflroBapajyhoM TepiwoAH-

HaMHMKOM aHajiH30M noTBpl)eHa je HbHXOBa ncnpaBHOcr.

1-21. nPOYHABAH>E KBAJIHTETA OnEKE y 3ABHCHOCTH

OR CA£P)KAJA KAJIUHjyMKAPBOHATA y TJIHHH

C. HcaKOBCKH H C. KoBaHCBHh

TexHonoiuKU (fiaKyniueiu, Hoeu Cad

H3HeTH cy pe3yjiTaTH HcruiTHBaH>a oneue npon3BeaeHe oa mime ca caAP>najeM

KajumjyM-KapQoHaTa oa 10—30%. PesyjrraTH HcnHTHBaH>a cy noKa3ajiH A3 je npn-

THCHa ^BpcToha onene 6e3 AOAaiKa Kpe^itaKa HH>Ka oa onene npoH3BeAeHe oa

rjiHHe ca pa3.ratiHTHM caApH<ajeM KajmnjyM-Kap6oHaTa. IIpHCTHCHa MBpcToha onene

AoGnjeHe oa rjiHHe ca 30% KajinHjyiw-KapSoHaTa je Beha oa onene 6e3 Kpcniana

3a npeno 90% . HcnHTHBaH>a cy noKa3ajia Aa KannHjyiw-Kap6oHaT noBOJBHO yraMe

Ha pacr HBpcrrohe oneKe.

1-22. CHHTEPOBAHaE CHPOBHHCKE CMJECE BOrATE AJIKAJIHJAMA

y nETiHMA C H3MJEH>HBAHEM TOnJIHHE

H. PaAnh

nJJa/iMotfuja uejueHui" , Cunuui

KBajiHTeTa nopuiaHA KJiHHKepa CHHrepoBaHor y nehn c H3MjeH>HBaqeM to-

njraHe obhch npBeHCTBeHO o yjeAHaqeHOCTH KeiwnjcKor cacraBa h paBHOMjepHor

A03npaH>a cnpoBHHCKe cjvijece Kao h o Hammy pacnpniHBaiha h Tpajan>a H3rapan>a

ropnBa. OBaKBe nehn y 6hth npeACTaBJtajy HecaBpuieHH npoTycrpyjHH H3Mje-

HbHBaM TonjniHe na ce crora h KBajiHTera nopTjiaHA KJiHHKepa Mopa nocBernTH

OAroBapajyha na>KH>a. IlpHcycTBo anKEumjcKHX oKCHAa Mo>Ke yBejinKe a* yrjeie

Ha TejvuiepaTypy cHirrepoBaH>a h Ha CTBapaite MHHepajia y KjmHKepy. IlpH CHHre-

poBaH.y, ajnojinjcKH cnojeBit n Apyre Jiano xjianHBe KOMnoHem-e mwajy BejiHKor

yAjejia Ha crBapaae Hajbena y nehn, njiHHCKoj komoph hjih y inncjiOHHAia. y

obom paAy cy y3opny HHAycrrpHjcKe cnpoBHHCKe CMjece AOAaBaHe pa3juuiHTe kojih-

MHHe ajmajinjcKHx OKCHAa h AOKa3aHO je a» noqeraa KOJiH*mHa ajiKajmja HMa

BamaH yrjenaj Ha cpopMHpaite KAHHKep-MHHepajia. y 4>a3HOM CHcreiviy He Mory
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ce o6jacHHTH npoMjeHe y CTBapan>y jvumepaiia Kjii«n<epa Ha 6a3H 3aocrajie ko.ih-

iHHe ajiKairaja y KJiHHKepy, jep cy ynyiiHH ajn<ajiHjci<H okchah cyAjejiOBajm

caao y nojeflHHHM <pa3aitta KpHCTainwaimje. Ciora TpeSa y3era y o63Hp kojihhhh)'

h cacraB Tanmre npn CHHTepoBaifcy Kao h 6p3HHy h naqHH KpHcrajiH3auHje.

1-23. MOrVBHOCT KOPHIUTEBbA CEPnEHTHHCKE XAJI^E y I1P0H3-

BO^H,H Mg-HHTPATA H OCTAJIHX Mg-CnOJEBA

P. Casiih, JX. "HeMajioBHh, P. Ky6mieK h M. TjinropHh

TexHOAOutKu (fiaKy/iiueui, Tysna

HcnHTHBaHa je iworyhHocr pa3jiaraH>a omaAHe cepneHTHHCKe jwace H3 npo-

qeca npoH3BOAH>e a36ecra y BocaHCKOM nerpoBOM cejiy, Koja ce noKa3ajia Kao

HHTepecaHTHa CHpoBHHa 3a Ao6HBaH>e Mg-HHTpaTa Bpjio 3HaqajHor y npon3BOflH>H

BaTpocTajme 6a3H<uie Mg-oneKe, Kao h 3a floSHBaite Mjeuiamix MHHepajiHHx

Jjy6pHBa. H3Jiy>KHBaH>e kophchhx KoivuioHeHaTa BpuieHO je ca 40% h 50% HNO3

koa o«roBapajyhHX yaioBa. JJo6njeHH pacTBop KopHuiTeH je 3a H3jjBajaH>e Mar-

ne3nja Kao Mg(OH)2 ca NH4OH. Pe3yjrraTH noKa3yjy m je koa pH=10,2 HCTajio-

>Keaa KOJimiHHa MarHe3Hja H3 pacTBopa oko 90%. Pacreop NH4NO3 ao6HjeH

naKOH ii3ABajaH>a iwarHe3Hja caAp>KH h apyre KOMnoHeHTe Koje noTimy H3 cep-

neHTHHa, Te ce iwowe kophcthth 3a Ao6HBaH>e MjemaHHX t)y6pHBa.

1-24. JIPEPAJJA OPrAHCKE OA3E nOCJIE EKCTPAKUHJE

MHHEPAJIHHX KHCEJIHHA HACTAJIHX y nPOUECy PA3JIArAH>A

CHPOBOr OOCOATA A30THOM KHCEJIHHOM

B. IIInrtKa h Jb. MmiaHOBwh

XeMujcxa undyculpuja „IJaHHeeo", TlaHHeeo

npBa cpa3a y npouecy npoH3BOAH»e BeuiTaMKHx l)y6pHBa je pa3JiaraH>e CHpo-

bhx (poccpaTa HeKOM ofl MHHepanHHx KHcejiHHa. Ako ce pa3JiaraH>e Bpmn a30TH0M

KHcejiHHOM Kao npoH3BOAH peaKUHje Hacrajy (poccpopHa KHcejiHHa h KanuHjyM-

-HmpaT. JJ,a 6h ce H36erjio npHcycrBO KarmHjyM-HHTpaTa y l)y6pHBy, Kojn no-

BehaBa aeroBy XHrpocKormocT, Kao h MHorHx tciiikhx MeTajia Kojii 3araf)yjy

3e.vubHuiTe, npncrynajio ce HcnHTHBait>y eKcrpaKUHjc MHHepajiHHx KHcejiHHa H3

pacTBopa noaie pa3jiaraH>a CHpoBor (poctpaTa. Ha ocHOBy HH3a eKcnepHMeHaTa

H3BpuieH je H36op noroAHor opraHCKor aKcrpareHca npw qewy cy a3oraa h cpoc-

(popHa KHcejiHHa npeuuie y opraHCKy (pa3y a KajmHjyM-iiHTpaT y BOAeny cpa3y.

y obom paAy H36erHyT je npouec pteKCTpaKAHje MHHepajiHHx KHcejiHHa y bc-

Aeny (pa3y h H3BeAe«a je H>HXOBa AnpeKraa HeTpajiH3anHja racoBHTHM aMCHHjaKOM

y oprancKoj (pa3H. J-JooHjeHH moho- h AH-aMOHHjyiw-cpoccpaTH h aMOHHjyiw-HHTpaT

noroAHH cy 3a KopHiuheite y Texirojiornjn iwrarepajiHHx IjySpHBa.



C 80

1-25. KHHETHKA KPHCTAJIHE TPAHCOOPMAUHJE

IV—III AMOHHJYM-HHTPATA y KPEHHOM AMOHHjyM-HHTPATy

T. Pacyjiwh

XeMujma undyciupuja „IIaHHeeo", IJaHHeeo

ripH npoH3BOflH>H a30THHx I)y6pHBa y BehHHH eBponcKHx 3ejviaiba, yMecro

TexHHMKor aMOHHjyM-HHTpaTa, KopncTH ce KpeiHH aiHOHHjyM-HHTpaT, KojH ce flO-

6nja yBol)eH.eM MJieBeHor KpeiH>aKa y pacron aMOHHjyM-HHTpaTa. IIpeAMeT Haiunx

HCixHTHBaita 6ho je yrauaj KpemtaKa, oahocho KajiuHjyM-KapBoHaTa Ha KpHcrajiHy

TpaHCcpopMainijy IV—III aMOHHjyM-HHTpaTa y KpeqHOM aMOHHjyiw-HHTpaTy. Hcnn-

THBaita cy H3Be,neHa Ha flepHBaTorpacpy. Khhcthmkh napajvieTpH KpacrajiHe Tpanc-

(popMaunje paqyHara cy H3 DTA KpHBe npHMeHOM pa3;iHMHTnx nocrynaKa. ,U,a

6h ce o6jacHHO yraHaj yBeaeHor KpemtaKa, HciMTHBaiba cy H3Be,zjeHa Ha y3opuHMa

Kpequor aMOHHjyM-HHTpaTa ro6hjeHor y jiaGopaTopHjcKHM ycnoBHMa MeuiaH>eM p . a .

KajnmjyM-Kap6oHaTa, oahocho MJieBeHor Kpembana ca pacronoM aMOHHjyM-HH

TpaTa. JJoonjeHH pe3yjrraTH cy nope^eHH ca pe3yjiTaTHMa 3a p. a. aMOHHjyM-HHTpaT,

noflBprayT nperxo^HO hctom TeMnepaTypHOM TpeTMaHy, h 3a y3opi<e Kpe^mor

aMOHHjyM-HHTpaTa H3 npoueca npoH3BOflH>e.

1-26. yTHUAJ yCJIOBA OJIPE^HBAIfcA HA BPEJIHOCT

XHrPOCKOnHE TAMKE MHHEPAJIHHX TiyfiPHBA

H. MHJioiueB h T. Pacyjnih

XeMujcxa undyciupuja „IIaHHeeo", IlaHHeeo

XHrpocKonHOCT je no3HaTa, HeraTHBHa oco6HHa MHHepajiHHX Ijy6pHBa Koja

OTOKaBa cKJiaAHuiTeH>e, TpaHcnopT h npHMeHy obhx MaTepnja. 36or Tora ce

H3yMaBaH>y XHrpocKonHOCTH noKnaH>a BejiHKa na>KH>a. XnrpocKonHocr tjySpHBa

ce KapaKTepHiue xnrpocKonHOM Tam<OM 3a oapet)eHy TeMnepaTypy h 6p3HHOM

ancopnunje. 3a oBa o,apet)HBaH>a He nocroje craHflapflHe MeTo^e. Merofla noro^Ha

3a HHUycrpHjy J)y6pHBa Tpe6a #a OMoryhw HCTOBpeMeHO HcnHTHBaite Bejinnor

6poja y3opaKa, Kao h 6p30 ;jo6HjaH>e pe3yjiTaTa. Hauia HcnHTHBaita cy HMana

3a ioub aecpHHHcaH>e ycjiOBa o,upel)HBaH>a XHrpocKonHOCTH MHHepa^HHX I)y6pHBa

Kojn o6e36eI)yjy nocTaBJBeHe 3axTeBe. Bp3HHa copimnje Bjiare oirpetjHBaHa je y

craTHtiKHM h flHHaMHqKHM yaiOBHMa. HotiHTHBaHo je BpeMe noTpeSHO 3a ycnocraB-

jBaite paBHOTOKe y obhm ycjiOBHMa 3a pa3JiHqHTa l)y6pHBa Kano 6h ce Ha ocHOBy

floGnjeHHx pe3yjrraTa aecpHHHcajiH yaioBH 3a oapel)HBaiie xHrpocKonHe Tam<e. Hc-

nHTHBaH je h ynmaj no^eTHor ca^pnoja Bjiare MHHepajiHHX l)y6pHBa, oahocho

xeMnjcKor cacraBa Ha ibHXOBy XHrpocKonHOCT.



II. OPrAHCKA XEMHJA

CEKUHJCKO IIPEAABAH.E

Il-SP(a). BHCOKOMOJIEKYJIAPHH YTJLEHH XHflPATH, 3HAMAJ H

nPHMEHA

M. XpaHHcaBJBeBHh-JaKOB^eBHh

npupodho-MauieMaiuuHKu (paKyAuieiu, Eeozpad

Uiub OBor H3JiaraH>a je Aa npnKa>Ke Hene op, 6pojHHx acneKaTa xeMHje

MaKpoMOJieKyjiapHHx yrjieimx XHApaTa, noce5HO nojincaxapHAa, h pa yKa>Ke Ha

h>hxob 3HaMaj, npuMeHy h flajbe nepcneKTHBe paaa y OBoj o6jiacTH. Enhe roBopa

o npocTHM h cjio>KeHHM nojiHcaxapHAHiwa 6njbHor h >KHBOTHH>CKor nopeioia, HyK-

JieosHfliuia h HyKJieoTHflHMa, aHTHSHOTHUHiwa h aHTHTyMopHHM areHCHMa qnjH

cy MOJienyjiH y noTnyHocra hjih A&iiHivuraHO H3rpatjeHH oa yrjtemix XHApaTa.

3Haqaj opraHCKHX pearamja 3a xeMHjy yrjieimx XHApaTa h 3Haqaj yrjBeHHx xha-

para 3a CHKre3y HfcKHx opraHCKHx jeAHfteaa 6ahe TaKol)e AHCKyroBaH.

CEKUHJCKO nPEAABAIbE

II-SP(6). TOIIOJIOIIIKH ACnEKTH y TEOPHJCKOJ

OPrAHCKOJ XEMHJH

H. ryrMaH

npupoduo-MauieMaiuuHKu $aKyAiueiu, Kpazyjeeatt

MojieKyjicKOM TonojiornjoM Ha3HBaivio yKynHocr noAaTana o Met)yco6Hoj no-

Be3anocTH aToiwa y MOJieKyjiy. H3BecraH 6poj (J)H3h^khx h xeiwHjcKHX oco6nHa

MOJieKyjia HenocpeAHO 3aBHCH oa Tonojioraje. To je HapoqHro cjryqaj koa opran-

ckhx jeAHaeiba, a npe CBera koa KOHjyroBaHHX --ejieicrpoHCKHx CHcrejvia. To-

nojiouiKa TeopHja KOHjyroBaHHX jeAHH>eifca je AaHac Ao6po pa3pal)eHa; y iteHOM

pa3Bojy cy BHAHy yjiory HrpanH h jyrocjioBeHCKH Hay^HHAH.

Enhe yxpaTKO H3JioweHH HCTopnjaT h ochobhc HAeje Tonojioiune Teopnje,

cKHunpaH H>eH MaTeinanwKH anapax h onHcaHO hckojihko xeivrnjcKHx pe3yjiTara

AO Kojnx je OHa AOBejia. TonojioiiiKa TeopHja je npecBera OMoryhnna:

— pa3yjvieBaH>e crcoweHHX KBaHTHO-MexainroKHx ecpenaTa y McneKyjiHAia (Ha-

po^HTo y Tt-ejieKTpOHCKHM CHcreMHMa), Te h>hxobo paiimjiaH>HBait>e Ha jeAHO-

cTaBHHje ecpeKre, h
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— H3Hajia>KeH>t Kopejianjija H3Mel)y MOJieKyncne crpyKType h pa3HHx (J)H-

3HMKO-xeMH)CKHX oco6HHa jeflHHieH>a, na caiwiM thai h npe/u3Hl)aH>e thx ocooraia

Ha ocHOBy no3HaBaH>a MOjieKyjicne crpyKType.

Ha Kpajy he ce yKa3ara h Ha HeaocraTKe h orparomeHOCT TonojioniKor

npHcryna.

II-l. OKCHJJAHHJA mc- h ii?/)a«c-2-UHKJIOXEKCHJmHKJIOXEKCA-

HOJIA IIOMO'Ry OJIOBO-TETPAAUETATA

M. Jb. Mnxan^oBuh, P. MapKOBnh h A. MnjiOBaHOBHh

flpupodno-MauieMaiuuHKU <p"aKyAiueiu, Eeoepad u Mnciuuiuyiu 3a xe.uujy,

iuexHOjiozujy u MeiuaAypeujy , Eeoepad

y KOHTeKcry cryinija o iwexaHH3MHMa H.HKJiH3auHje ajiHUHKjiHMHHX ajn<oxojia

noiwohy ojiOBO-TerpaaHeTaTa 6hjio je noTpeSHO npoyqaBara i/uc- h uipaHC-2-miKno-

xeKcmmHKJioxeKcaHOJie, na cy CTora th ajiKoxo™ CHHTeTH30BaHH. YTBp^eHO je

m npw ojiOBO-TeTpaaneTaTHoj peaKinijH h tfuc- h wipaHc-ajiKOXoji aajy no /uaa

AHacTepeon30MepHa TpHHHKjiHHHa eTpa, npn qejviy ce 36or noBOJbHnje KOHcpop-

MauHje jiaKine Bpuin UHKJiH3auHja wipattc-ajiKoxojia (39% npejvia 12% kojj tfuc-

H30Mepa). Ilopea nmonmHiix erapa o6a ajiKoxcwia aajy y pa3jmwrHM npHHOCHAia

2-HHKJioxeKCHimHKjioxeKcaHOH h oaroBapajyhe aneTarae ecrpe.

II-2. OKCHJJATHBHA U,HKJIH3AH.HJA a-METHJIHHKJIO-

XEKCAHETAHOJIA IIOMO'Ry OJIOBO-TETPAAHETATA

M. JB. MHxaHJiOBHh, B. AHflpejeBHh, C. MnjiocaBJbeBHh h C. rojKOBHh

npupodHO-MauieMaiuuHKu (fiaxyAuieiu, Eeozpad u

Hncuiuuiytu 3a xeMujy, xuexHonoeujy u Meiua.aypeujy, Eeoepad

y OKBHpy npoyqauaifca MexaHH3Ma peannnja oKCHflaTHBHHx UHKJuraaoHja,

H3BpuieHa je ojiOBO-TeTpaaneraTHa OKCHuaiwa ceKyHaapHor a-AieTHjinHKJioxeK-

caHeTaHOJia. IIpHMeHOM npenaparaBHe racHe xpojwaTorpacpHje H3 peaKunone CMece

cy H30JiOBaHa werapH flHacrepeOH30MepHa eTpa TerpaxH,apoc]>ypaHCKor THna (y

yKynHOM npHHOcy on 52%). PenaTHBHe KOHtpHrypauHje h HajnoBOJtHHje koh-

(popMaunje obhx erapcKHx jeflHH>eH>a oapet)eHe cy Ha ocHOBy xeiwHjcKHX noiwepaita

h KOHcranTH cnpe3aH>a H3MepeHHX y h>hxobhm jH 360 MHz NMR cneiapHMa.

II-3. CI1HTE3A II HHKJIH3AHHOHE PEAKUHJE

4-METHJI-3-nEHTEH- I-OJIA

M. JB. AlnxaHJioBiih h 3. MapHiiKOBHb

npupodHO-MaiueMaiuuHKU (p~ai<yAuieui, Eeoepad u

Mncuiuuiyui .ia xeMiijy, uiexiWAoeiijy 11 Meula,typeujy, Eeoepad

HaBpmeHa je CHHte3a ojiec})HHCKor ajiKoxcwia 4-iweTHji-3-neHTCH- 1 -ojja h hc-

nHTHBaHe cy H>eroBe peaKnnje ca pearencHwa i<ojn Aiory ^onecTH ,50 inrrepajviojie
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Kyjicne iXHKjm3aimje. y cbhm HcimTHBaHHM peawuijaAia (ca cyjvinopHOM khccjihhom,

MepKypH-ai<eTaTOAl/HaTpHjyM-6op-XHflpHflOM, N-6pOMCyKiniHHMHAOM h 3-xnop-

-nep6tH3oeBOM KHcejmHOiw), Kao je^ium peaKiniOHH npoH3BOfl AoSnjeH je Oflro-

Bapajyhn neTOMJiaHH TeTpaxHflpo(J)ypaHCKH UHKjnmHH eTap, Tj. 2 ,2-flHMeTHjrreTpa-

xnapo(pypaH (y Knceji0KaTajiH3OBaH0j peaKUHjn h peaKiuija OKCHMepKypoBaH>a-fle-

MepKypoBaaba), 3-6poM-2,2-AHMerHJrreTpaxH;rpo<pypaH (y peaKHHjH ca xajioreH-flo-

HaTopcKHAi peareHcojw), oahocho 2,2-aitMeTHjrreTpaxH,apo(pypaH-3-o.ri (y peaKHHjH

oioKCHAaipije nojwohy nepKHcejiHHe).

II-4. PEJiyKTHBHO OTBAPABbE 1 ,2-EnOKCHLmKJIOOKTAHA

B. AHApejeBHfc, m. M. Ainxan:ioHnh, M. KjcjiaKOBith, J. MmiOBaHOBHh h

M. JL. MnxaHJiOBwh

11pupodHo-MaiueMdi<ium<h (p~ai<y.uueiu, Eeoepod, TJpupodHO-MaiueMauiuuKU (paxyAuieui,

Kpaeyjeeaif u Hncuiuiuyui 3a xeMujy, mexHOAoeujy u Memanyptujy; Eeozpud

OTBapaaeM OKCHpaHCKor npcreHa koa 1 ,2-enoKcnijnKJiooKTaHa noMohy ajiy-

AtHHH jyM-TpHXJIOpH^a H CMeUie ajiyiWHHHjyMTpHXJIOpHfl + JIHTHjyM-ajiyMHHHjyM-

-XHapnfl, Har)eHO je: (1) aa ce 6p3HHa OTBapaH>a OKCHpaHCKor npcreHa noBehaBa

ca kojdhihhom npHCTHor anyMHHHjyM-TpHXJiopHfla; (2) aa ce Kao npoH3BOAH ao-

6HBajy: IfUKAOOKXUm, HHKJIOOKTaHOH, UHKJIOOKTaHOJI, 3-UHKJlOOKTeH-l-OJl, 4-HHK-

.lOOKTeH-l-OH, 3-XJlOpETHKJIOOKTeH, 1,1', 2,2'-flHOKCH-AimHKIIOOKTaH H ar-xjiopuHK-

jiooicraHOJi ca join HeyTBpr)eHHM noj:o>KajeM xjiopOBor aTOMa h CTepeoxeMnjoivi;

h (3) fla npHHOCH h Mer)yco6HH oahoch aooHBemix npon3BOAa 3aBHce oa ynoTpeS-

jbchhx oflHOca peaioraHaTa .

II-5. KHHETHKA H MEXAHH3AM PEAKUHJE CHMETPHMHHX H

HECHMETPHMHHX 3-^HKETOHA CA UHJAHOAUETAMHflOM.

3. yTHDAJ KATAJIH3ATOPA

M. AiHumh-ByKOBHh, 3. Mnhnfa, B. TotobhK h M. PaflojKOBHh-BejiHUKOBHh

TexHOAOiuKO-MeuiaAypiuKu (fiaxyAiueiu, Eeoipad

y HacraBKy npoyiaBaifea CHHTe3e 3-n,njaHO-4,6-AnajiKHJi-2-nHpHAOHa koh-

aeroauHjoM CHMerpHiHHx h HecHMeTpHHHHX AHKeroHa ca nHjaHoaneraMHAOM, nc-

nHTHBaH je yrHnaj KaTajiroaTopa Ha 6p3HHy h MexaHH3aM peaiorHje. Ha ocHOBy

Ao6hbchhx CKcnepHMeHTajiHHX noflaTaKa, AHCKyroBaH je TaKotje h ecpenaT KaTa™-

3aTopa Ha (popjviy peaKTaHaTa h npoH3BOfla, anxoBa paBHOTe>KHa craiba Kao h

yKynaH MexaHH3ajw peaKirnje. H3MepeHe KOHCTairre 6p3HHe peaKnnje noKa3yjy aa

jt MexaHH3aiw y cyniranH Kao nrro je npeTnocTaBJteHO Ha ocHOBy npeTXOAHnx

HcnHTHBaaa.
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II-6. PEAKHHJA CynCTHTYHCAHHX nHPHjXHHKAPBOHCKHX

KHCEJIHHA CA flHA30,JJ.HcI>EHHJLMETAHOM y

/JHMETHJIOOPMAMHJjy

M. PaqojKOBHh-BejiHHKOBHb, C. MoMmuiOBHh h M. MHumh-ByKOBiih

TexHOAOiuKO-MeiuaAyputKU (fiaKyniueiu, Eeoepad

HciiHTHBaHa je KHHeniKa peaiouije cyncnrryHcaHHX nHpHAHHKap6oHCKHX

KHcenHHa ca aHa30aH(J)eHHjiMeTaH0M y AHMenuKjiopMaMHAy. IlpHMeHa .iHHeapHe

Kopejiai^wje cjioSoaHe eHeprnje ,naje jiBe perpecnoHe jimmje ca npH6jm>KHO jefl-

HaKHM p BpeaHocTHMa, sum paammHTHM log ko 3a ejieKTpoH-flOHopcKe h ejieKTpoH-

-aiajenTopcKe cyncTHTyeHTe. JfycKyTOBaH je MexaHH3aM y 3aBHCHocTH OA rana

cyncTHTj'UHje h pejiaraBHor oaiioca HyKJieocpHJiHe h ejieicrpocjjmrae co.iBaTau.nje.

II-7. OKCHJJAUHJA 5a-XOJIECT-6-EH-3«,5,8p-TPHOJI-3-AHETATA nO-

MOTiy OJIOBO-TETPAAHETATA

Jb. JIopeHii,, M. JJaGoBiih, T. naBJioBHh h M. JL. MnxaHJiOBMh

npupodno-MaiueMauiuHKU fiaxyAuieiu, Eeoepad u MHciuuiuyiu 3a xeMujy, iuexm.ioeujy

it MeiuaAypeujy , Eeoepad

y obom paay npoy^aBaHa je TepjvumKa ojioBO-TeTpaaueTaTHa OKCHflairnja

5a-xojiecT-6-eH-3p,5,8a-TpHOJi-3-aqeTaTa. Har)eHO je aa ce Kao rviaBHH peaKHHOHii

npo«5BOfln rpaae H3owepHH aueroKCH-enoKCHaH, to jeer, 5,6a-enoKCH-5x-xojiecT-

-7-eH-3p,9a-flHOJi-AHarteTaT h 5,6a-enoKCH-5a-xojieer-7-eH-3(iJ,14a-aHOJi-AHau,e-

TaT (y npHHocy oa 19,5%, o^hocho 14,5%), Kao h 5a-xojiecT-7-eH-3(3,5,6a-TpHOji-

-3,6-flHaqeTaT (y npHHocy oa 29%), iiito yKa3yje aa ce OBa peararaja oanrpaBa

npeKo HHrepMeaHjapHO nocrajior C(8)-Kap6eHHjyM-joHa. Obh pe3yjrraTH 6nhe npo-

aHCKyTOBaHH.

II-8. nPOy^ABAIfcE yTHDAJA HHJjyKTHBHOr EOEKTA

ATOMA A30TA y JE3rPy nHPHflHHA HA EP3HHy XHJIPOJIH3E

METHJIECTAPA nHPHJJ.HHCHP'RETHHX KHCEJIHHA

M. MnmHh-ByKOBHli, B. JosaHOBuh, J. Ejejmh h J. JXnMHTpHjeBHh

TexHOAOiuKO-MeuiajtypuiKu <p~ai<yAuieui, Eeoepad

HcnHTaHO je aejcrBO HHayKTHBHor ecpeicra aTOMa a3ora y je3rpy nnpnaHHa

Ha 6p3HHy ajn<a.THe XHapojnt3e MemnecTapa nnpHaHHCHpheTHHX KHcejmHa. H3-

pa^yHaTe a° KOHcraHTe npeacTaBJBajy Mepmio yraqaja aToiwa a30Ta y nojv ahhhm

nojio>KajHMa je3rpa nupH/rHHa na 6p3HHy OBe peaKunje.
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II-9. HCnHTHBAIbE AKTHBHOCTH KATAJIH3ATOPA 3A

XHJIPOrEHAUJIjy AUETHJIEHA

O. HlmioBan, JB. BojBOflHh vs M. OecpaHOBHh

XeMujcKa undycuipuja „TIaHHeeo", ITaHHeeo

HcimraBaHa je XHflporeHauiija aijeTHJieHa Ha KOMepinijajiHOiw KaTajureaTopy

Ha 6a3n Pd, y Jia6opaTOpHjcKOiw peaicropy Ha a™oc(pepcKOM npHTHcny ca npouec-

hhm racoM. Mctoaom racHe xpoiwaTorpacpHje oaper)HBaHa je KOHueHTpaipija aue-

TimeHa y oncery op 0,0060 po 0,60% vol Kao h caap>Kaj CH4, C2H6 h H2.

H-10. CTPYKTYPA TJIYKAHA H30JIOBAHOr H3 JECTHBE FJBHBE

Agaricus bisporus (L) Sing. S-56

M. XpaHncaBJi>eBHh-JaKOBJBeBHh, J. MHjbKOBHh-CTojaHOBHh h B. Tpryp

npupodno-MaiueMaiutmKU (fiaKyjiiueiu, Eeozpad u Hncuiuulyui 3a xeMujy,

mexHOJtoiujy u MeiuaAypzujy, Eeozpad

HcniiTHBaH je cacraB nojiHcaxapnaa h cTpyrcrypa jeflHor op nojiHcaxapnna

H30.iOBaHHX H3 ruic-aiuma jecraBe rjbHBe Agaricus bisporus (L) Sing. S-56. Yt-

BptjeHO je pa ce y csieuiH Hana3e Hajiwaifce Tpn nojiHcaxapima : jeaaH rvryKaH h

4Ba xereporjiHKaHa. TuyKaH ce cacrojH op 90% (1 -*6)- Be3aHHX p-D-rjryKormpaHO-

H03HHX jeouHHua ofl Kojnx je 10% cyncnrryHcaHO y nojio>Kajy O—4, h op 10%

(!->3)-Be3aHHX p-D-rjiyKomipaH03a.

U-ll. I1POBEPA nPABHJIA 3A nPEJIBH'BAHjE CTABHJIHOCTH H30-

MEPHHX U,HKJIHMHHX YrJBOBO^OHHKA

H. TyTiviaH h H. JypaHuh

IIpupodHO-MdiueMaiuuHKu ifiaKyjiuieiu, Kpaiyjeeau u npupoduo-MaweMauLwiKu

<p~aKyAu~ieul, Eeoipad

He^aBHO je KpyiueBCKH [Pure Appl. Chem 52 (1980) 1525] oSjaBwo eMnH-

pujcKa npaBHjia 3a npe^Bnr)aH>e cra6HjiHOCTH H30MepHHX uhkjihmhhx Konjyro-

BanHX yrjbOBOflOHHKa. OBa npaBHJia cy flOKa3aHa y OKBHpy Tonojioiui<e Teopnje

KOHjyTOBaHux MOJieKyjia, npn Many je yKa3aHo Ha orpamweifca b3>khocth npaBiuia

KpyuieBCKor Kaaa ce pa3MaTpajy MOJieKyjiH ca BehHM An-Hnwsm. npcreHOBHMa

[Z. Naturforsch. 35a (1980) 820—2]. Y HameM papy je Ha HH3y npmviepa paMVHCKH

npoBepeHO BaweBe noMeiryrax npaBH^a h yTBpr)eHO pa ce npe,jiBHt)eHO oflcrynaibe

:;aHCTa jaBjba, ajra pa (Gap 3a Haine npnjviepe) sa Hajiwaifce (4-MJiane) npcreiiOBe

npaBHJio KpymeBCKor Ba>KH.
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II-12. TOnOJIOHIKA nPABHJIA 3A PACnO^EJIY

7r-EJIEKTPOHCKOr HAEOJA Y AJITEPHAHTHHM KOHJVTOBAHHM

MOJIEKYJIHMA C JEJHHM XETEPOATOMOM

H. TyTMaH

npupodHO-MameMaiuwiKu (fiaKyAuieui, Kpaeyjeeau

y obom pafly cmo npoyHaB&7iH ajrrepHaHTHe KOHjyroBaHe MOjic<<y;ie c jeAHHM

xtTepoaTOMOM (Ai MOJieKyjie). Ha ocuoBy no3HaTor 3axoHa aAutepimpajyhe uonap-

Hociuu (Coulson h Longuet-Higgins, 1947), ^-ejreKTpoHCKH Ha6ojH Ha Asa cy-

ceAHa aTOMa y jeAHOM Ai MOjieKyjry HMajy yBen cynpoTHe npeA3Hai<e. Obo npaBiuro

je caAa AOKa3ano nojviohy Teopnje rpacpOBa. Mon<e ce CMaTpara Aa je 77-e.ieKTpoHCKH

Ha6oj Ha aTOMy r y jeAHOM Ai MOJieKyjiy HHAyKOBaH xerepoaTo.wOM. Ha6oj ce

npeHocw oa xeTepoaTOMa npeKO cbhx nyreBa Kojn iiOBe3yjy aTOM r ca xeTepoaTo-

mom. CBaKH nyr H3Mel)y xeTepoaTOiwa h aTOMa r npeHOCH OApef)eHH Aeo ynynHor

Ha6oja aTOiwa r. Obh acjiobh cy H3paqyHaTH 3a H3BecraH 6poj Ai jeAiHteiba.

11-13. KOPEJIAUHJA HSMEBY EHEPTOJE PE30HAHUHJE

H EJIEKTPOHCKHX CnEKTAPA EEH3EHOH,nHHX yrJbOBO^OHHKA

H. TyTMaH

IIpupodHO-MaiueMauiwiKu cfioKyAiueiu, Kpcuyjeeatf

Hat»eHa je Aoopa jiHHeapHa Kopejiannja H3Mel)y cppekBeHHuje p-Tpane h

TonojioiiiKe eHeprnje pe30HaHUHje (TRE) 6eH3eH0HAHHX yrjbOBOAOHHKa. Cjnmna

Kopejiaujuja nocrojH h H3Mel)y (eKcnepHMeHrajiHHx) joHH3auHOHHx HOTeHH.Hjajia h

TRE. Enhe caonuiTeHe h Hene Apyre Kopejiainije H3iwel)y TRE h cneicrpocKoncKHx

noAaxaKa. Obh pe3yjrraTH yiosyjy a^ TRE HHje cajwo Mepa 3a AOAaTHy Tepiwo-

AHHaMHiKy cTa6HjiH3aHHjy ycjieA HHKJimffle KOHjyraijHje y apoMaTH^iHHM jeAHibc-

HiHMa, Beh je TaKohe noBe3aHa h ca ApyrHM iwepjbHBHM (pH3HHKHM nejin'inHaivia.

11-14. CTEPOJIH MOPCKOr CV'H'BEPA

CHONDROSIA RENIFORMIS

3. Kjbajnh h M. J. Tauinh

IlHciuuuLyiu 3a ouoAOiuxa u MedumiHcxa ucuipaotcueaiba CP IJpHe I'ope,

u IIpupodHO-MaiueMauiiiHKit (fiaxy.iiueiu, Eeoepad

Chondrosia reniformis (Desmospongia, Chondrosida) je cyHl)ep, npiuiHMHO

pacupocrpaaeH y JaApaHCKOM Mopy. Yo6H«jajeHHM nocrynKOM, H3 JiHirHAHor euc-

TpaKTa, H30JiOBaHa je crepojiHa (ppaKHHjca y 3Harao BHiuejvi npHHOcy Hero luto

je to cjiyqaj ca APJTHM cpoAHHM Bpcraiwa (20% JiwnHAHe cppaKquje). Cacrau

CTepojme ciweuie y Kojoj je HAeHracpHKOBaHO 17 KOMiioHeHaTa (GC/MS anajn-na)

he 6hth ACTajbHHje AHCKyTOBan.
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11-15. ETAPCKO yJbE JIABAHnV'JIE CA PA3JIH4HTHX JIOKAJIHTETA

y jyrocjiABHjH

III. "BapMaTii, M. J. Taumh h JI. MapHHKOBHh

Hncuiuuiyui 3a xeMujy, uiexHOAoeujy u MeuiaAypiujy , Eeoepad, u

XeMujcKa uHdyciupuja „MepUMa", Kpyiueeaif

H3BpmeH0 je napajiejiHO npoyiaBaifce erapcKor yj&a jiaBaHAyJie ca pa3.iH-

4unix .ioKajiHTeTa y JyroaiaBHjH. KBajmTer yjta oflpe^HBaH je yoSnMajeHHM

•ieTo.ta.Ma aok je cacraB TepneHOHflHe 4)paKH,Hje yrBpfjen noMohy racHe xpoMaTO-

rpacpnje. Ha ocHOBy aoGhbchhx noAaTaKa, H3BpuieHa je MOAH^mKauHja nojeAHHHX

yoopana xeMHjcKHM nyTej« y iotra>y ao6HBaH>a yjta onraMajiHor KBajmTera.

11-16. KOBAJIEHTHA HMOEHJIH3AIIHJA rJIYK030H30MEPA3E HA

MOAH<t>HKOBAHOJ HEJiyJI03H

"B. nerpoBKh h B. Bapn

IIpupodiw-MauieMauiuHKU faucyAuieiu, Eeoepad u Mncuiuuiytu 3a xejuujy, uiexHOAOiujy

u MeiuaAyptujy , Eeoepad

HcnHTHBane cy Moryhnocra KOBajieHTHor Be3HBaiba rjiyK030H30Mepa3e 3a

Hocaq Kojn ce cacrojn oa na pa3JumHre Hamnic MOAH(pHK0BaHe n.ejryji03e. y jeAHOM

ciyMajy eH3HM je KOBajieHTHO Be3aH 3a MaTpHuy CBojmw C-TepMHH&noiw a y APyroM

CBojiiM N-TepMHHanoM. Uejryji03Ha lwaTpHrja MOAHtpHKOBaHa je TaKO Aa je y jeA-

hom cjryqajy miana cjio6oahc COOH, a y Apyroiw cjioSoAHe -NH2 rpyne a ko-

BaaeHTHO BeauBaae c oATOBapajyhHM TepjviHHEUiOM eH3HJwa Bpuieno je noA SnaruM

ycioBHMa ys homoH OAroBapajyhicc KapSoAHHMHAa. ^oShbchh cy arcrHBHH hmo-

6iuiii3aTopH qnje cy ocoomie HcmrrHBaHe Ha rjiyK03H0M cyncrpaiy noA pa3JiHMHTHM

ycioBHMa.

11-17. HPOMEHE y HAHMOJIEKyjICKOJ CTPyKTyPH UEJiyjI03E 3A

XEMHJCKy nPEPAJiy y yCJIOBHMA AJIKAJIHOr TPETHPAH>A

Jb. MajAaHau. h M. TeoAopoBHb

TexHOAOiuKO-MeiuaAypiuKU <p~aKyAiueiu, Eeoepad

y pacTBopHMa HaTpHjyMXHApoKCHAa OApel)eHHX KOHueirrpauHja AOJia3H ao

HHTpaci)H6pHJiapHor 6y6peH>a uejiyjioae h npoMeHe KpHcra.iHe peuierKe. Tperapa-

iteM pacTBopHMa HaTpHjyMXHApoKCHAa noBehaBa ce npHCTynaqHoer h ojiaKinaua

npeHOc Mace y MHorHM peanuHjaiwa Ao6njaH>a AepHBaTa u,e;iy:io3e. y paAy cy

HcnHTHBane npojweHe y HaAMOjieKyjici<oj crpyKTypH uexryjicae npHJiHKOM ajiKajm-

iaimje h AenojTHMepiraauiije a^Ka^Hi;ejry^o3e y 21%-thom pacrBopy naTpiijyvi-

XHApoKCHAa Ha TeMiiepaTypaAia 35—65°. npejia3 uejiyjiose I h y oSjMKy II, uao

h npoMeHe y jauHHH h yuejry boaohhwhhx Be3a npahtHe cy CHHMaibeM HH(l>pa-

npiicinix cnei<Tapa. H3 peHAreHCKHx AHcppaKTorpaivia H3paTynaTe cy BpcAHocra hh-

aeKCa KpHCTaJIHHHMHOCTH H AHAieH3Hje KpHCTajIHTa.
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11-18. <t>H3HOJIOIlIKH AKTHBHH CACTOJUH OPrAHCKE CYnCTAHUE

CTAPHX CEJIHMEHATA

M. IIIaSaH, M. M. BpBHh, C. MHJieHKOBHh, J. ByHenih h R. BhtopobhK

npupodno-MauieMauiuHKu ^aKynmeiu, Eeoepad u Hncuiuiuyui 3a xeMujy, utixHOAoeujy

u Meiua.iypiujy , Eeoepad

HcnHTHBaHo je aHTHMHKpooHO flejcrBO nojiapHHX (ppanuHja SmyMeHa pa

crapa ceAHiweHTa, aHTH6HorpaM-MeTo,noM. ncnapHe (ppaKinije 6HTyMCHa ii30jiOBaHe

cy H3 flBa ceAHiweHTa KojH ce pasjMKyjy no nopeKJiy, crapocTH h caapwajy op-

raHCKe cyncTaHne: H3 ajieKCHHaqKor h KHjviepimKor lUKpHJbna. H3 anencHHaMKor

iiiKpmi.ua H30JiOBaHe cy 22, a H3 KHAiepHHKor 25 cppaKinija. Kao Tecr-jviHKpoopra-

HH3MH ynoTpeSjbeHH cy cojeBH 6aKTepnja, KBacana h iuiecHH. BehHHa H30JiOBamix

(ppaKunja Hiwajia je Kano SaKTepHOCTaraqKO, Tano h 6aKTepnHHflHO aejcTBO Ha

aie^ehe Tecr-6aKTepHje : E. coli, S. aureus h Str. griseus. MeljyTHM, HHje,znia

(Jjpaiomja HHje HAiarca aHTHMHKpoGHO aejcTBO Ha KBacue h iuiecHH. JXara je ahc-

Kycnja o OflHOcy H3AieI)y cacraBa (jjpaiomja, oapetjeHor Ha ocHOBy HH-cneKTapa,

h H>HXOBor (})H3HOj]ouiKor nejcrBa.

11-19. HCnHTHBABbE IlPArA KOATYJIAIJHJE H CAUP>KAJA

OYHKUHOHAJIHHX rPYITA XYMHHCKHX KHCEJ1HHA

n. IleTpoBHh

npupodHO-MOiueMaiuWiKU (paKy.uuetu, IIpuuiiunHa

HcnHTHBaH je npar Koaryjiainije h caapwaj cpy HKUHOHajiHHX rpyiia xyMHHCKHX

KHcejiHHa Koje cy H30JiOBaHe H3 cnpoBor JmrHHTa h y3opaKa OBor jiHrHHTa okchao-

BaHHX Ba3flyXOM, BOflOHHK-nepOKCHflOM H a30THOM KHCejIHHOM. KoHCTaTOBaHO je na

xyMHHCKe KHcejiHHe CHpOBor jmrHHTa h nHnmTa oKcnaoBaHor Ba3ayxoiw noKa3yjy

MaH>y OTnopHocr Ha aejcTBO ejieicrpojiHTa (KannHjyM-xjiopHfla) or xyMHHCKHx

KHCejlHHa H30JIOBaHHX H3 y30paKa JlHTHHTa OKCHflOBaHHX paCTBOpHA\a BOflOHHK-

nepoKCHna h asorae KHcejiHHe. IlpeMa caapjKajy Kap6oKCiuiHHX h xhapokchjihhx

rpyna HOiHTHBaHe xyMHHCKe KHcejiHHe noKa3yjy cjihmhocth ca xymhhckhm Kuce-

JIHHaiVia pHTCKHX HpHHUa H HCKHX XyMyCHO-CHJIHKaTHHX 3eMJBHUJTa CP Cp6nje.

11-20. nAPAMETPH PACTBOPJBHBOCTH nOJIH(TOJIYIUI-) h

nOJIH(ETHJIcUEHHJIMETAKPHJIATA)

J. C. BejumKOBHh h JJ. M. IleTpoBHh-'BaKOB

TexHOAOuiKO-MeuiaAypuiKu (fiaxyAtueui, Eeoipad

napajvieTpH pacTBopjbHBOCTH noJiH(m,o,/>-TOJiyHji-) h nojiH(m,o,/>-eTHJKf)e-

HHjiMeTaKpKJiaTa) o^pe^eHH cy npeKO rpaHHMHHx bhcko3htcthhx SpojeBa y pas-

jihhhthm opraHCKH/u pacrBapaHHAia h HjHxobhm cMeniajwa. KopnuiheHH pacrBapaqH

ce pa3iiHKyjy no cTpyKTypH h nojiapHocra, a oSyxBaTajy yrjbOBOflOHHKe, jcAHH>en,a

ca x^opoiw n jeflHH>eH>a ca khccohhkom. jJoonjeHe BpeflHOcra noKa3yjy fla pac-
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Tyha napa(J)HHCKH KapaKTep nocMaTpaiiHx nojraMepa H3a3HBa ona/iaite nap&werpa

pacrBopjBHBOCTH, flOK nojio>Kaj ajiKHJi ocraTKa Ha cpeHHJiHOM je3rpy (m,o,p) ca.wo

HC3HaTHO yraqe Ha BpeflHOcr Sp. BpeflHocra napaMerapa pacTBopjbHBOCTH hciih-

THBaHHX nojnuviepa H3paqynaTe nojwohy rycrHHa n mcuickhx KOHcraHra rrpHBJiaieiba

HeuiTO cy Behe op, eKcnepHAieHTajrao o;rper)eniix

11-21. BHCKOEJIACTHMHE OCOBHHE nOJIHOJIE<f>HHA H3A3BAHE

3PAqEH>EM

B. MapKOBHh, O. Taji h J\. BaSnfa

IiHcuiuiuyui ja Hyx/ieapne nayi<e „Eopnc Kudpuu", Eeccpad—Buii'ta

IlojBieTHjieH h aeroBH KononHMepH npH 3paMeH>y ce npeTOKHO yMpema-

Bajy. Ecpenai 3paMeH>a HajBHiue ce OAparaBa Ha MexammKe h BHCKoejiacmHHe

ocotmHe H3Haa TejunepaType Toiubeaa. y oboai papy Mepenn cy 3aTe3Ha MBpcroha

h pa3BJiaHeH>e, pa 6h ce oapeAnne BHCKoejiacraMHe ocoGhhc H3a3BaHe 3paMeH>ej\i

koa nojiHeTHJieHa hhckc rycrHHC h Herara KonojiHAiepa y aMopcpHOM craiby. Me-

peita reji cppaiayija h reji ao3a cy TaKor)e npe/KrraBJbeHa.

11-22. OCTATAK ATMOCOEPCKE ^ECTMJIAUHJE

HA<t>TE-CHPOBHHA 3A nPOH3BO^H>y EKCTEHJJEP H nPOUECHHX

YJbA

JX- CKaria, JE. BpxoBau, M. rojior.naBHh-Ko.n6, M. Mn.ioiueBHh h

Z. Tahar-Cherif

TexHOAOiuKO-MeiuaAypuiKu (fiaKynuieiu, Eeoepad u Patpunepuja yjba

„Eeocpad" , Eeoepad

y uHJby pa3BHjaH>a nocrynKa 3a flo6HjaH>e npouecHHx h eKCTenaep yjba

3a ryMapcKy HHflycTpHjy KopnurheH je ocraTaK aTiwoccpepcKe yecTHjianHje HacJ)Te.

Pe3yjrraTH KapaKTepH3au,Hje cppararHja ao6HjeHHX BanyyAi /jecrHJiauHjoM ocraTKa

noKa3yjy fla Hene op, h>hx HAiajy oco6hhc noro/iHe 3a npmweHy Kao npouecua

y,T>a. PacpHHaipijoiw oftroBapajyhHX (ppaKimja ycTaHOBJbeHO je pa ca/jp>Ke oko

20 tok% apofliaTCKHX jeAHH>en>a a ocraTaK cy nperoKHO HacpTeHCKH h napacpHHCKH

yrjbOBOflOHHiTH, iHTO yKa3yje pa ce OBaj aiMOccpepcKH ocraTaK (Hac})Ta „Bejie6nT"

ca EaHaTCKHx nojba) MOH<e ycneuiHO kophcthth 3a ao6Hjaa.e HacpTeHCKHx npo-

uecmix yji.a. y irmby oflcrpaH>HBaH>a apoivvaTCKHX je/jHibeifea, HapowTo 6hh>'k-

.leapHHx h cyncTHTyHcaHHx apoiwaTCKHX jeflHH.eH>a, KopHiiiheHe cy nBe iweTOAe:

eKcrpaKirHja ca 4)yp(pyponoM h pacpHHaunja ca boaohhkom y3 npHAieHy p 33. ih-

mhthx KaTajiH3aTopa (Raney-Ni, Co-Mo h Pt Ha yrvby) Kao h KOMSHHannja gk-

crpaKUHje h XH#poreHOBaH>a uop 6jiarHiw ycjiOBHMa. Cne KapaKTepHCTHKe ao-

Shjchhx yjba cy y carjjacHocm ca KOHueiruHOHajTHHM nacpTeHCKUM yjbHiwa na je

H.HXOB KBajIHTCT HCnHTHBaH H y npHMCHH.
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11-23. OCTATAK ATMOC<t>EPCKE JJECTHJIAUHJE CHPOBE HAcl>TE —

CHPOBHHA 3A nPOH3BO^H>y EJ1EKTPOH30JIAIXHOHHX YJLA

JX. CKajia, M. EacTHb h J. A. JoBaHOBHh

TexHOAOiuKO-MeuiajiypuiKu cfiaKy.iuieui, Eeoepad

BaKyyM-AecTHJiaqHja aTMOccpepcuor oeraTi<a cHpoBe HaiJ)Te ynoTpe6ibeHa je

3a iipHnpeMaite ejieKTpoH30Jiau,H0Hor yjba. Pe3yjiTaTH cneim4>H^HHx KapaKTepHC-

THKa jiaKHX (ppaKunja H3 BaKyyM aecrHJiamtje noKa3yjy aa ce HeKe ofl h>hx Mory

ynoTpeoHTH Kao nojja3HH MaTepHjaji 3a aaibe npeHHuihaBaae KopmuheibeM flBe

jwerofle: eKcrpaKHnja h/hjt.i XHflporeHOBaite. y npBOM cnyqajy 4>yp(})ypaji je

ynoTpeQjbeH nao eKCTpaKqHOHO cpeacrBO a y apyroiH Re-Ni Kao KaTajiH3aTop

y npouecy xmiporeHOBaH>a. Pe3yjrraTH obhx HcnaTHBa&a cy noKa3ajiH aa BaKyyM

aecrajiauHja ocraTKa a™occpepcKe AecraiiauHje AOMahe cnpoBe Ha^te H3 EaHaT-

ckhx nojba („Bejie6nT") aaje ju>6pa CBojcrBa nojeaHHHX (ppawjHja i<oje cy noroflHe

3a ejieKTpOH30JiaiiHOHa yjba. Flopea Tora y Jia6opaTopHjcKHM h nojiy-HHAycrpnj-

ckhm ycjioBHiwa npoH3Be^eHa cy h CHHTerOTKa ejieicrpoH3ojiauHOHa yjta KOta cy

ynoTpeSjbeHa 3a npaBJbeike pa3JTH*mTHX ovieuja S:P (cHHTeTHMKa-npHpomia)

yjba. OBe cMeuie cy iiMa;ie Ao6py mcuubmboct h aajie cy 6ojbe pe3y;iTaTe y H>HXOBoj

npHMeHH i<ao e.neKTpoH30jiauHOHa yjta.

II-24. XEMHJCKH CACTAB SATUREA HORTENSIS L.

P. M. IlajiHfa h M. J. TauiMh

IIpupodiio-MauieMauiuuKU (fiaKy/iiueul, HpuiuiuiMa u Hpupodno-MameMauiuHKU

(fiaxyAiueiu, Eeozpad

HcnHTHBaH je KBajiHTaTHBHH cacraB n KBaHTHTaTHBHH caflpn<aj KOMnoHeHaTa

eTapcKor yjba SauiTeHCKe S. hortensis L. TacHO-xpoMaTorpacpCKOM aHajiH30M eTap-

CKor yjba OBe SmtHe Bpcre poga Saturea L. HfleHTHtpHKOBaim cmo 16 KoiwnoHeHTH

(oa 27 perHcrpoBaHHx) Tj. 97,65% on yKyrrae Mace. TjiaBHe KOMnoHeBTe qime

y-TepnHHeH (37,03%) h KapBaKpoji (51,28%). TaKol)e je H3BpuieHa ynopeflHa

racHO-xpoMaTorpa<pcKa aHajiH3a yrjbOBOflOHHMHHX (ppaKirnja S. Iwrtensis L. h bs-

khx apyrnx BpcTa poaa Saturea L.

11-25. CHHTE3A H CTABHJIHOCT

N, N-J1,HAJIKHJI-N '-OEHHJiyPEH^OCHJIAHA

II. P. J^BOpHHh

Hucuiuiuyui 3a xeMujy, iuexnoAoeujy u Memanypiujy, Eeozpad

JJ,eTtubHO je HcnHTaHa CHHTe3a 6uc{ 1,1 -TeTpaMeTHJieH-3-(peHHJiypeHjK>),i;H-

MeTH^cHjiaHa h.3 rmpojiHWOHa, /;niweTHJiAHXJiopcHJiaHa h cpeHHji H30UHjaHaTa Kao

nojiasHirx KOMnoneHTH. HHTepec 3a obhm jeflHH>eH>eM je y H>eroBoj noTeHirnjajiHoj

KOpHCHOCTH sa yBo!jeH>e ahmcthjichjihji rpyne y AiaKpOMOJieKyjicKe npoH3BOfle pe



C 91

awmjoM crynifceBHTe nojiHMepH3au,Hje. 3a HcnHTHBan>e *mcrohe npoH3Boaa pa;;-

pa^eH je nocrynaK KopHiuheiteM *H NMR cneKTpocKonnje. Pe3yjiTara cy no-

Ka3ajni jya. ce npoH3BOflH 3aaoBOJi,aBajyher creneHa tmcTohe (Beher oa 98%) He

Mory ao6hth obhm n>TeM Ha TeMnepaiypaiwa H3Haa 0°, Beh aa cy yBen 3anpjtaHn

l,l-TeTpaMeTHJieH-3-(peHH^ypeoM Koja Hacraje Kao npoH3B0fl cnopeflHe peaKintje

H>HXOBe XHApojiH3e H Koja ce, jeflHOM crBopeHa, Bee-Ma TeuiKo inone h3aboj"hth.

JterajiHa HcnHTHBaifca peaiomje cpeHHJi H30inijaHaTa h Oflrc-Bapajyher flwaMHHO-

ciuiaHa cy, Me^yraM, noKa3ana ma ce xeMHjcKH toct npoH3BOfl MO>ne ao6hth Ha

TesuiepaTypaMa hoio;* —20°. npeTnocraBjBa ce aa je obo nocjieflnqa ycnopaBaH>a

peaiapije xH,npojiH3e nofl obhm ycjiOBHjvia, npn KojHMa ce rjiaBHa peai<u,nja ii

aa.'be MOH<e oflHrpaBara. *H NMR cneKTpocKonnja je HCKopnuiheHa h 3a hoihth-

Baae CTaSHjmocTH 5Mc(l,l-TeTpaMeTHJi-3-cpeHHJiypeHflo)aHMeTmiCHJiaHa npeiwa

aejCTBy Bjiare tokom crajaH>a y pa3JiHtiHTHM aTMOCcpepcKHM ycnoBHMa h Te;wnepa-

Typajvia. Pe3y.TraTH cy noKa3ajiH aa je CTaSHJiHocr npHJiH^HO orpammeHa h aa

ce AeKOMno3MUHja OBor jeflHHbeiba y aTMOc^epn Ba3ayxa h asoTa oanrpaBa npejwa

KHHeTHiKOM 3aKOHy npBor pefla h ca eHeprajoM aKTiiBainije y a30Ty on 1 1 kj/mol.



III. *H3HHKA XEMHJA

CEKUHJCKO riPEAABAlbE

III-SP. <t>H3HMKA XEMHJA rPAHHMHHX <t>A3A

JX- ByyejiHh

npupodHO-McuueMamuHKu tfjoKyAiueui, Eeospad

OH3H»iKoxeMHjcKe oco6hhc rpaHHHHiix (J)a3a Mory ce 3Harao pa3jiHKOBaTit

oa oco6HHa OATOBapajyhHx ([ma y paBHOTOKH. OBaj e^euaT noce6HO je H3pa>Keii

na^a jeany oa pabiiOTe>i<Hnx (J)a3a npeAcraBJba ^Bpcro Tejio. Y TaKBHM c;iyqa-

jeBHiwa iioa aejcTBOM nojta cnjie HBpcror Tejia jaBJba ce jeAHO hobo „craibe"

ca npejia3HHiw ocoCuHaMa H3Mel)y iiBpcror h TeqHor.

CnercrpocKoncKa HcrorrHBaita noKa3yjy p,a cy npoMene y npHAiapHHM MOJie-

KyjiapHHM cTpyKTypawa He3HaTHe (HH). HacynpoT TOMe MOJienyjiapHa opraHH-

3aiuija h A'lHaMHKa Meitajy ce y 3HaqajHoj MepH. NMR cneKTpocKonnja Aaje

npena3He BpeAHocra 3a cnHHCKy AHHaMHi<y cne 6jm>Ky tchhom craiby, yKOjiHKO

je hhho TonjioTa copimnje. IlocToje npec^epeHUHjajme KOHcpopMairnje a y ar/Hajy

6HOMaKpoMOJieKyjia y rpammmiM cpa3aiwa Aona3H nan ao npoiweHe ceKyHAapHe

11 TepimjapHC crpyKType. (JIH303HM, napBajiSyMHH, lac-penpecop, DNK). Ha-

cynpoT TOMe AOOHjeHH pe3yjiTaTH 3a toiijiothh KanainiTeT y mnpOKOM onccry

oko coShc TeMnepaType y noTnyHOCTH OAroBapajy toiuiothhm KanauHTeTHMa MBpore

cpa3e. Ten Ha bhihhm TeMnepaTypajwa toiuiothh KanairHTeni ce npH6jm>Kyjy BpeA-

HocrHMa 3a Te^Hy (pa3y. E<J)eKaT je H3pa>KeHnjH ihto je BHuia TomiOTa copnunje

(BOAa y rpaHHMHHM 4)a3aj«a: 3eojrHTa, aKTHBHor yrjba, cmiHKarejia, npoTeHHa,

XHnocpH3e h HaA6y6pe>KHe >Kjbe3Ae).

<I>a3HH ripejia3H. YTBpljeHO je nocrojaibe (pa3HHX npejia?a rana „TOiui>eH>a"

nojwepeHHX Ka 3HaTHO hh>khm TeiMiiepaTypaMa y OAHOcy Ha (pa3He irpejia3e y hhctom

CTan>y. Otkphbchh npejia3H THna „KJbyqaH>a" noMepeHii cy 3a 20—30 creneHH

hu BHiue. noMepaH>e nonoBO npaTe toiuiotc copmjHje.

Ha ocHOBy obhx ncnHTHBaiba MOH<e ce „CTaH>e" y rpaHHMHHM cpa3aMa npeA-

CTaBHTH MOAejioM y KOMe A0Jia3H ao 6p3e pasMeHe Mo.'ieKyjia (uao y tchhccth)

H3Mtf)y npocTopHO ype^eHHX MHHHMyMa eHeprnjc (i<ao koa MBpcror Tejia). Boltz-

mann-OBa paciiOAejia i<oja peryjiniue ckokobc no eHeprnjcKHM HHBOHMa 6p30 ce

Meita ca TeMiieparypoM . OTyAa KJiacHiHe KHHeram<e jeAHanHHe aoboac ao aHO-

MajiHHX BpeAHOCTH 3a eHeprnje aKTHBaunjc h upeAeKcnoHeimHjajiHe cpaKTope.

3axBaiiyjyhH OBaKO cneiuKpHMHOM CTan>y CHcreMa y hckhm cjiynajeBiiMa

MOH<e AohH ao aHOMajrao bhcokhx hpoboa-^hbocth joHa hjih cjioGoahhx paAHKaria

(3eojTHT, MenaHHH). OcoShtoct rpanH^niix <pa3a npyno pa3jiHHHTe MoryhHOCTH

upHMCHe: TepMOCopuHHOHa peryjiaunja, copnHHOHH ceH3opn BOAeHe nape, copn-

HHOHe craHHife ca x.'iaAHOM pereHepaunjoM, „Knudsen-0BH H30JiaTopH", toiuiothh

anyMyjiaTopn" , noBpmHHCKH aKTHBua KOMnoHema 3a 3aMCHy Na-TpnnoJiHcpoc-

(JiaTa h AP-
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III-l. MACEHOCnEKTPOMETPHJCKO HCnHTHBAIfcE HHEPTHHX

rACOBA KOPHIITREBbEM TPOXOHJIAJIHOr EJIEKTPOH MOHOXPO-

MATOPA H HHBEP3HE KOHBOJIYHHOHE METOPE

M. BejBKOBHh, O. HeuiKOBHh, M. B. MHJieTHh, JX. rojio6o-MaHHH h K. <t>. 3m6ob

Huduumyiu 3a HyxAeapne nayxe „Eopuc Kudpun", Eeoepad—Buma

HcimTHBaHa je jeflHocrpyKa h BHUiecrpyKa jomraaimja Ar, Kr, Xe h Ne

y oGnacTH y 6jih3hhh npara 3a joHH3aimjy nojviohy HHBep3He KOHBOjiyujiOHe

Merofle h TpoxoHflajmor ejieKTpoH MOHOxpoiviaTopa. Ha KpuBajvia joHireauHOHe

etpHKacHOCTH npHiweheHe cy MHore crpyKType npoHcreKJie Kao pe3yjiTaT ayro-

joHH3aunje. EHeprercKe BpeflHOCTH obhx crpyKiypa ynopeljeHe cy ca pe3yjiTaTHAia

4K>TOHCKor yijapa, cneKTpocKoncKHX HcnHTHBaiba h ca nspaMyHaTHM BpeflHocnuwa

eKCi(HTOBaHHx HHBoa HcnHTHBaHHX Bpcra.

III-2. JOHH3AHHJA H OPATMEHTAHHJA OKCHOJIYOPHJIA

3>OC<t>OPA EJIEKTPOHCKHM YJIAPOM

O. HemKOBHb, M. B. Mmierah, M. BejbKOBHh, JX. rojioSoqaHHH h K. <t>. 3m6ob

HHduuiuyiu 3a nyxneapne nayxe „Eopuc Kudpm", Eeoepad—Buma

JJaT je npHKa3 penaTHBHux HHreH3HTeTa h nojaBHHX noTeHUHja^a iio3hthbhhx

joHa y iwaceHOM cneKTpy POF3. YnopeflO ca BepoBaraHM (ppanweHTauHOHHM ny-

TeBHMa aaTe cy h TOiuiOTe <J)opMHpaH>a hckhx iio3hthbhhx joHa, Kao h jomraauHOHH

noTeHUHjajiH 3a POF2 h POF. Pe3yjrraTH cy ynopeljeHH ca flocrynHHM no,nau,HMa

3a oKCHxajiHfle V rpyne, o/u'OBapajyhHM cueicrpocKoncKHM noflauHJVia h ca pe3yji-

TamMa TeopHjcKHX H3paqyHaBaH>a.

III-3. MACEHOCnEKTPOMETPHJCKA AHAJIH3A CACTABA nJIA3ME

EJIEKTPH^HOr JIYKA KOJH TOPH Y nPHCYCTBY ETAHOJIA

T. ByncaH, H. Hkohomob, H. KoBaqnh h M. To/jopoBHh

IJpupodHO-MaiueMaiuuHKu tfiaxyAiueui, Eeoepad

AHajiH3HpaH je cacraB iuia3Me BepTHKajraor ejieKTpHUHor jiyKa Kojw ropn y

npHcycTBy eTaHOjia nofl HopiviajiHHM npHTHCKOiw. MaceHOcneicrpoMeTpHjcKH noaaun

yKa3yjy Ha npHcycrao C2H2 h H2. Y3HAiajyhH y o63Hp oflpefyeHe xeMHjcKe peaKijuje

M3Me^y C h H H3paq>HaT je oflHoc napuHjajranx npHTHcaKa C2H2 h H2. Ha ocHOBy

eKcnepHMeHTajiHO oapetjeHHX napimjajiHHx npHracaKa C2H2 h H2 h TeopwjcKH

H3paqyHaTor o/nroca C2H2 h H2 oflpetjetia je cpejpba TeivinepaTypa aHajiH3Hpanor

yaopna ruumMe.
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III-4. EHEPrETCKH EHJIAHC JOHCKO/MOJIEKYJICKHX PEAKUHJA

THnA 10/20 y MACEHOJ CnEKTPOMETPHJH

T. Act

TexHOAOUiKO-MeuiaAypuiKU (fiaxyAuieui , Eeoipad

JoHCKo/iwojieKyjicKe peaKqHje rana A++ N->A2+ + N + e~, rAe je A+ moho-

aTo.MHH j'oh o6pa30BaH y johckom H3Bopy MaceHor cneKTpoMeTpa, a N aTOM hjih

MOjieKyji cyaapHor raca (Hajneiiihe a30T), npHMeiteHe cy 3a npoy^aBaifce AsaAe-

ceTaK ejieivieHaTa nepnoAHor CHcreivia, yiubyqyjyhH njienieHHTe racoBe, xanoreHe

ejie.MeHTe, HeMerajie h MeTajie. EHeprercKH SnjiaHC obhx peaKunja OMoryhaBa oa-

pe^HBaite Apyre joHH3au,HOHe eHepraje 3a aciiHTHBaHy Bpcry ; Mel)yTHM, y mhoi-hm

cjiyiajeBHMa, KOHcraTOBaHO je TaKol)e npHcycTBO no6yI)eHHX ejieicrpoHCKHx craiba

joHa A+, TaKo Aa ce ropn>a peaKinija MOHte kophcthth 3a OApel)HBaH>e eHepreTCKor

npotpHjia joHCKor 3paKa.

III-5. i3C NMR CnEKTPH IJHKJIHMHHX KETOHA:

UHKJIOnEHTAAEKAHOH

JX. JepeMHh, M. Jb. MHxanjioBHh h C. MmiocaBJbeBHh

TIpupodHO-MauieMauluHKu cfiaxyAuieui, Eeoipad u Hnciuuuiyiu 3a xeMnjy, iuexHOAOiujy

u MeuiaAypntjy , Eeoipad

y OKBHpy HcnHTHBaita MexaHH3Ma HacraHKa KCTOHa npH ojioBO-TeTpaau.eTaT-

hhm OKCHAaimjajvia cenyHAapHnx ajiKoxojia H3BpmeHe cy OKCHAaimje l-AeyTepno-

AHKJioneHTaAeKaHOJia y 6eH30jry iioa TepjvuiMKHM (80°) h (Potojihthikhai (20°, UV)

ycaoBHMa. MaceHH cneicrpH KeTOHa, H30JiOBaHitx H3 peaKijHOHHX aweca noiwohy

npenapaTHBHe racHe xpoinaTorpacpHje, yKa3ajin cy Ha HacrajaH>e 3HaTHor npou,eHTa

MOHOAejrrepHcaHor KeroHCKor npOH3BOAa h to: 42% y TepjvumKoj h 67% y (pOTO-

jththukoj peaKinijH. y AHJty OApet)HBaH>a nojiowaja AeyrepHjyAia y obhm Kero-

HHMa npHMeH>eHa je 13C NMR cnercrpocKomija. H30TonHa 13C no»iepaH>a HHAy-

KOBaHa AeyTepHjyMOM, nao h KOHcraHre cnpe3aH>a "3C—2H H3MepeHe y cneKTpHMa

KeTOHCKHX npoH3BOAa h cneqH(J)HMHo o6ejie>KeHHx jeAHH>eH>a (2—2H-, 6—2H- h

2,2, 15, 1 5-UHKJiOAOAeKaHOHa) HeABoawHcneHO cy noKasane Aa ce AeyTepHjyM y Ke-

TOHCKHM npOH3BOAHAia Hajia3H HCKJbyMHBO Ha C(6).

III-6. AHAJIH3A BHEPAUHOHOr CnEKTPA METAHA

Jl. 3. MapKOBHll, C. P. CTOjKOBHh H C. B. PllOHIIKap

npupodHo-MauieMaiuuHKii (fiaxyAtueui, Eeoipad

H3 noAaTaua HHcppau,pBCHHx h paAiaHaaix cneKTapa MeraHa y racoBirroM,

pacrBopeHOM h Te»iHOM crafty Ha^eHH cy aioroBH KOHcraHaTa aHxapMOHHTOOCTH

OBor MOJieKyjia. ITpewa H3paMynaTOM cneicrpy raBeAewa je HOBa acnTHaiHija 3a

Hei<e oa no3Harax Tpana y GjiHCKoj HHcppaupBenoj oojiacra.
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IH-7. HU CnEKTPOCKOriCKO HCnHTHBAH>E 3EOJIHTA

OWKACHTHOr THnA

B. Paaan, y. Mhom h T. Tiepamih

npupodno-MaiueMauiuuKU flaxyjiiueui, Eeoepad

y HU, cneKTpHMa X 3eojiHTa kojh caap>KH KaTjone aBOBaneHTHHX Merana,

iia o6mmoj TeMnepaTypH, 3ana>KeHe cy H3BecHe rrpoivieHe y HHTeH3HTeTy h nojio>Kajy

ancoprapiOHHX TpaKa y oaHOcy Ha ochobhh o6jihk 3eojiHTa. IToceSHa na>KH>a

o6paheHa je Ha nojaBy hobhx TpaKa y o6jiacrH 1700—1300 cm-1. HwreHaHBHe

TpaKe npHimcaHe cy Kap6oHaTHHM BpcraMa CTBOpeHHM oa ancopSoBaHor CO2

H3 Ba3flyxa. IlpaheHe cy npoMene Koje ce y HCiiHTHBaHoj o6jiacra HU cneKTapa

jaBJi>ajy npH 3arpeBaH>y oa co6hc TeivuiepaType no 673 K. Vo^eHa je 3aBHCHOCT

4>peKBeHUHje HCTTHTHBaHHX TpaKa or npHpoge 3aMeH>eHHX KaTjoHa. Ha ocHOBy

HAeHTHcpHKOBaHHX Tpana npeTnocTaBjbeHH cy nojionojH 3aMeibeHnx flBOBajieHTHHX

KaTjoHa y HcrniTHBaHHM 3eo.iHTHMa.

III-8. 3ABHCHOCT nPOMEHE HHTEH3HTETA CnEKTPAJIHHX

JIHHHJA H TPAKA KAJIUHjyMA y nPHCyCTBy OJiyOPA OR

HjHXOBHX EKCHHTAHHOHHX nOTEHUHJAJIA

J. Pa^Hh-nepHh

npupodno-.uauieMaiuMKu flaxyJtuieui, Eeoepad

HcmiTHBaH je yrcmaj npoiweHe TejvinepaTypcKe pacnoflejre h cacraBa ruia3Me

jeAHociwepHor eneicrpH^iHor jiyKa, ycjiefl aoaaTKa cpjiyopa, Ha HHTeH3HTere cneK-

Tparomx jiHHHja h TpaKa KajnrHjyiwa. KojviGHHOBaHe cy pacnoaejie TeiwnepaType

y JiyKy, aooHBeHe eKcnepHMeHrajiHO KopHiuheH.eM napa junmja Zn, ca paiyHafteM

cacraBa ruia3Aie y3 ripeTnoeraBKy jiOKa^He TepMHMKe paBHOTe>Ke. noce6HO je hc-

rmTHBaHa 3aBHCHOcr npoMeHe HHTeH3HTeTa jiHHHja h TpaKa oa h>hxobot eKCHH-

TanHOHor noTeHUHjajia.

III-9. HHTEPnPETAUHJA EJIEKTPOHCKOr CnEKTPA

BH2-PAHHKAJIA HA OCHOBy AB INITIO PAMyHA

M. nepwh h M. Kp\iap

TIpupodHO-MaiueMauiuUKu flaxyAweuL, Eeoepad

npHMeHOM ab initio SCF h CI MeToae aoSHBeHe cy noTemiHjajicKe noBpuiHHC

3a £Ba HajrauKa ejiewpoHCKa craiba BH2 pa^HKajia. Ha ocHOBy h>hx H3paqyHaTH

cy BudpairHOHH hhboh h TajiacHe (pyHKimje. noceoHa nanata nocBeheHa je npHTOM

HHTepaKimjn ejieKTpoira<or h BHopaqnoHor Kperaifca (Renner-Teller-OB e(peKaT).

PesyjTraTH paqyHa oiworyhHjiH cy HHTepnpeTaH,Hjy eKcnepHMeHrajiHO ao6HBeHor

cneicrpa. KoHcraTOBaHa je noTpeSa 3a KopeKipijoM acHraairHje onawemix TpaKa.
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HMO. TEOPHJCKO HCTPA>KHBAH>E CABHJAJVRHX BHEPAUHJA V

TPOATOMCKHM MOJIEKYJIHMA

M. KpMap h M. FlepHh

npupodHO-MCtuiejuauiuHKu flaxyAiueiu, Eeotpad

Pa3BHjeHa je jweToaa 3a TeopnjcKO TpeTnpaH>e HeHH(pHHHTe3HAiajiHHX caBHja-

j>hnx BuSpaiflija y TpoaTOMCKHw MOJieKyjiHiwa. OnepaTopn KHHeraHKe h noreH-

HHjajicKe eHeprHje pa3BHjajy ce y Maclaurin-OBe peaoBe, a BHCpaunoHe eHeprHje

h TanacHe (pyHKuiije aooHBajy ce npwvijeHOivi BapHjaunoHe Merofle. YnopeljeHe cy

paiuiHMHTe cpopivie onepaTopa KHHeTHqKe eHeprHje.

III-ll. HOB METOJl H3PAMYHABAH>A HAPAMETAPA KPHBHX

JOHH3AUHOHE EOHKACHOCTH

J[. rojio6oqaHHii, O. HeiimoBHh.K. 3m6ob, M. BejBKOBHh h M.Mmierah

HncuiuuLyiu 3a nyxAeapne nayhe „Eopuc Kudpuu", Eeoapad—Bunna

Pa3BHjeH je hob iweTOfl oueHe napaAieTapa kphbhx jomraaijHOHe ecpHKacHOcra

KOAi6HHOBaH>eM flBe ao6po no3HaTe Aierofle: EDD h STS. 3a npeuH3HHja H3pa-

HyHaBaH>a ynoTpeojbeH je Merofl Mome Kapjio. OBa npoueflypa je ycneuiHO npn-

MeH>eHa 3a H3paHyHaBaH>e nojaBHHx noTeHHHja^a joHa njieMeHHTHX racoBa.

111-12. H3PAHYHABAIBE KAPAKTEPHCTH^HHX 3AnPEMHHA

MATEPHJE nOBOJLIIIAHOM TEOPHJOM CABHTi-KAIIIAHHH

3. CTOHJbKOBHh H C. M. JOBaHOBHh

TexHOAOiuKU flaxyAiueiu, Hoeu Cad u TexHOAoiuxo-MemaAypiuxu flaxy Atueiu,

Eeoepad

ITperjieA o6jaBJi>eHHX eKcnepHMeHTajiHHX noAaTana o KapaKTepHCTHMHHM 3a-

npeMHHaiwa MaTepnje (KpHTHHHa 3anpejvuiHa Vc, 3anpe«iHHa MBpcre ctfrepe bo,

KOBOjiyMeH b, 3anpei«HHa HBpcre (pa3e y TpojHoj TamjH Vt,g H aanpeMHHa Ha anco-

jryTHoj HyjiH Vo) je noKa3ao rsl nocrojH o,apet)eHH oahoc H3MeI)y obhx 3anpei«HHa.

y obom paay je nonasaHO aa ce oahoch obhx 3anpeMHHa Mory o6jacHHTH noSojb-

uiaHOM TeopHjoiw CaBHh-KamaHHH. Pa3BnjeHa je Me-ro^a 3a H3paMyHaBaH>e Ka-

paKTepHCTHHHHX 3anpeMHHa.

111-13. O 3EJbJ],OBHMEBOM KOPEKIJHOHOM OAKTOPY Y H3PA3Y

3A BP3HHY HYKJIEAIJHJE

Jh. Konap-AHiife h P. Balescu

IlpupodHO-MaiueMOiuuHxu flaxyAiueiu, Eeoepad u Faculte" des Sciences, Bruxelles

JjHCKyroBaH je 3e^>flOBHneB KopeKHHOHH cpai<Top y H3pa3y 3a 6p3HHy Hyicie-

aunje, panyHaT 3a pasjurarre KHHeTHHKe MOflene KOHaeH3au,Hje nape.
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IH-14. nPOYMABAIfcE XETEPOrEHHX PABHOTE5KA HSME'&y TE1IIKO

PACTBOPHHX jmnPOTHMHHX KHCEJIHHA H H>HXOBHX

3ACHTiEHHX PACTBOPA

T. J. Ja&Hh, M. B. IlacyjB h JI. B. IIcpeHT

TlpupodHO-MauieMauiuHKU tpaKynuieiu , Eeoepad u <PapMaueyuicKU (fiaKyjiiueui, Eeoipad

IlpoyMaBaHe cy xereporeHe paBHOTe>Ke Koje ce jaBJtajy y CHCTeMHjwa KojH

Ce caCTOje OR TeillKO paCTBOpHHX flHnpOTHHHHX KHCeiTHHa (H2A) H h>hxobhx 3a-

CHheHHX pacTBopa:

(H2A),+2HaO—2HsO++A2- Kn

(H2A),+H20—H3O++HA- K.2

(H2A),^H2A Ks3

IIpoyqaBaH>eM cy o6yxBaheHe 1 , 2-6eH3eH-flHKap6oHCKa KacejiHHa, 1 , 3-6eH3eH-fln-

nap6oHCKa KHceraiHa, l,4-6eH3eH-anKap6oHCKa KHcejiHHa h 1 , 6-xeKcaH-;ntKap-

5oHCKa KHcejruHa. 3a OAper)nBaH>e oAroBapajyhnx paBHOTOKHHX KOHcraHTH npH-

Me&eHe cy Tpn He3aBHCHe Merofle, oiracaHe y jeAHOM Hauieiw pamijeM paay, h

to: MeroAa (pyHiamje rpar)eH>a, MCTOfla oaperjHBa&a nporoHa Be3aHHX 3a KHcejiHHy

y pacTBOpy h Meroaa 0flperjHBaH>a pacTBopjbHBocTH. JJ,o6hbchh pe3yjrraTH 6hjih

cy Mer)yco6Ho floSpo carnacHH. Ilopea Tora, Ha ocHOBy floOHBeimx paBHOTe>KHHX

KOHcraHTH y xeTeporeHHM CHcreMHiwa H3pa'iyHaTe cy KHcennHCKe KOHcraHTe hciih-

THBaHHx KHcejmHa h OHe cy 6Hjre carnacHe ca OHHMa koje cy oapel)eHe HenocpeflHOM

TUTpaunjoM onroBapajyhHX xoMoremra CHcreMa (pacTBopa) no meropfi Rossotti-

-Rossottija.

111-15. rACHO-XPOMATOrPAOCKO HCI1HTHBAH>E

HHTEPAKUHJA y PACTBOPHMA N-HHKJIOXEKCHJIOOPMAMHJJA

A. HtiKOjiiih, H. Ko6nnapoB h A. Bp3Hh

IJpupodHO-MaiueMaiuuHKu $aKyjiwevu, Hoeu Cad

HcnHTHBaHO je nOHaiuaite HH3a yrjbOBOAOHHKa h h>hxobhx xjiopmoc flepn-

Barra y crauHOHapHoj cpa3H> N-ujnoioxeKCHJi(popMaiviniry, MeroflOM racHe-nofleoHe

xpoMaTorpacpHje. Oflper)eHH cy KoetpmmjeHTH aKTHBHOcra npH 6ecKOHatmoM pa3-

SnaiKeay 3a pa3jiHwre TeiwnepaType. TaKor)e cy oaper)eHH h TepiwoaHHaivuMKH

napa/neTpH pacTBopa, Hs h Ss, Kao h AonyHCKH napa/vieTpH Ge, He h Se. Ha ocHOBy

ao6HjeHHX pe3yjiTaTa pa3MaTpaHe cy HHTepaKHHje y HcrnrraBaHHM pacrBopHAia.

111-16. TOnJLEH>E H KPHCTAJIH3AUHJA OSPA^EHOr

nOJIH-l-ByTEHA, MOJIHOHKAUHJE I

B. MapKOBHh, A. IIIa<ppaH> h IJ. CHJiBepiweH

Mucwuiuyui 3a nyKMapne uayxe „Eopuc Kudpuu", Buma—Eeoipad u

Institute for Physical Science and Technology, University of Alaryland, USA

KpHcrajiH3auHjoM H3 pacrona cpopjviHpa ce TepMOflHHaMHMKH HecTaSmma

Mo.nn(J)HKanHja II, Koja crajaibeM Ha coSnoj TeiwnepaTypH TpaHCcpopinauHjoM y
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iBpcroj (Jja3H npejia3H y CTa6ajiHy MOflH^HKannjy I. Y30puH nojiH-l-6yTeHa

03pa^HBaHH cy raiwa 3pannjvia. 3a pa3He bpchhocth ancopSoBaHe ao3e npaheHO

je ToiubeH.e, KpHCTajm3anHja h (popMHpa&e rejia, a TaKot)e cy chhaubchh H1X

cneicrpH h Oflpe^HBaHa rycrana. IIoKa3aHO je aa je TpaHctbopMannja «iojxm\m-

(J)HKai^Hje II y MonH<j)HKaittijy I y iBpcroj tyaaH 6p>Ka kor o3paneHHX y3opana

Hero Koa Heo3paqeHHX.

111-17. KOMnJIEKCHA JEflHBbEIBA

Fe(III)-TETPAHHKJIHHA

J{. Bece.iHHOBHh h M. JejimcHh

npupodHO-MaiueMaiuwiKu <p~aKyjiuieiu, Eeozpad u <t>apMaueyiucKu

(fictKyAuieui, Eeozpad

Ha ocHOBy cneKTpcKpoTOMeTpHjcKHX Mepeiba, npHMeHOM Job-oBe, Bent-

-French-OBe h MeTOfle MOjiapHHX OflHOca, Hal)eHO je aa Fe(III) h TeTpannKJiHH

o6pa3yjyyKHcejioj cpeflHHH (pH oko 2,00) komiuickc cacraBa 1 : 1 (C22H24N20sH+)-

pe+3]+4_ npmeHOM Job-OBe Meroae, npw ^eiay je KopnmheHO Mepe&e npoiweHe

pH pacTBopa, noTBp^eH je cacraB floSnjeHor KOMiuieKca. KoHcraHTa CTa6HjmocTH

je oflpetjeHa npHMeHOM Job-OBe h Bent-French-OBe Merofle.

IIM8. H30TOnCKH EOEKTH HA HAnOHY nAPE AHETAJIJIEXIIJIA

Jb. IleTKOBCKa, O. HeuiKOBHh h J. nyne3HH

IlHCuiuiuyui 3a nynAeapne uayxe „Eopuc Kudpuu", Eeozpad—Btmna

MepeH je HanoH nape CH3CHO y TeAinepaTypcKoj o6jiacTH 201 ao 249 K

h pa3JiHKe HanoHa npa CH3CHO — CH3CDO, CH3CHO — CD3CDO h CH3CHO

— CD3CHO y TeMnepaiypcKoj ofijiacra 203 ao 290 K. EKcnepuMeHTajiHii noaanH

cy anpoKCHMHpaHH Antoine-OBOM jeflHayHHOM log />=9,391 + 1 1 53,7/(243,62+r).

IIoflauH 3a pa3Jim<e HanoHa napa H3MeI)y CH3CHO h H>eroBHX H30ToncKHX Bpcra

noKa3yjy «a je HanoH nape CH3CDO h CD3CDO Man>H a HanoH nape CD3CHO

Behn ofl HanoHa nape CH3CHO. JeflHa^HHe, Koje noKa3yjy o/nroc HanoHa nape

nojeflHHe n30Tona<e Bpcre h o6n»fflor aneTajiaexHfla cy pecneKTHBHO : ki(Pn!pH) =

= — 3,780/T— 1825,02/r2, ln(/>D/pH) = 5,037/T— 2903.92/7* n ln(pD/pH) =

= — 8,531/7+ 1228,02/T2.

111-19. TOnJIOTE KBAUIEBbA KBAPHHOr nECKA, BEHTOHHTA H

H>HXOBHX CMEIUA

C. MnjioibHb, B. riauacoBHh a T. Kanenne

HHtiuuuiyiu 3a uyKAeapue nayne „Eopuc Kudpuu.", Eeozpad—Buhhu

MepeHe cy Tonjiore KBauieita KBapuHor necna, GeHTOHHTa h h>hxobhx CMeuia

y BOfleHHM h HeBoaeHHM pacTBopiiMa, npn 298 K, ynoTpe6ow KajiopiweTpa /ni-

4)epemj(HjajiHor Tuna ca H30TepMCKHM OMoraqeM. JIoonjeHC toiuiotc KBameiba cy

Kope^iicaHe ca noieTHOM Bjia>KHouihy ciweuie KBapnHH necaK-6eTHTOHHT.



IV. EJIEKTPOXEMHJA

IV-SP. HOBA TEXHOJIOrHJA EJIEKTPOJIHTHHKOr TAJIO)KEK>A

METAJIA

M. MaKCHMOBHh

TexHOAOiuKO-MeuiaAyptuKu (fiaKyAiueiu, Eeozpad

Beh flocra ayro ce 3Ha Aa npHMeHa nepHOAHMHO npoMeHJBHBHx crpyja y

rajiBaHCKoj TexHrnni iiobojbho yraie Ha KBajiHTer AOOHjemix MerajiHHx Tanora.

OBaKBH pe>KHMH paAa 3acHHBajy ce Ha Tajio>Keifcy iwerajia acHMeTpHMHOM CHHycHOM

crpyjoM, peBepcHOM h nyjiCHpajyhoM crpyjoM. TajioH<eH>e acHMeTpimHOM CHHycHOM

CTpyjoiw 3aaniBa ce Ha cynepno3HipfjH naii3MeHnmic Ha KOHCTaHTHy KaTOAHy

crpyjy. PeBepcHa crpyja ce cacrojH oa HaiiauemmHiix nyjiceBa KaTOAHe h anc-AHe

crpyje. riyjiCHpajyha crpyja je cneunjajiaH cjiy^aj peBepcHe crpyje, 6e3 aHOAHHX

nyjiceBa yAiecro Kojnx cy nepHCflH 6e3crpyjHOCTH. CTapnja Hcrpa>KHBaH>a y OBoj

o6jiacm oflHoce ce yrviaBHOM Ha peBepcHy crpyjy. y nocnea&e BpeMe tokhhitc

ce noiwepa Ka nyjiCHpajyhoj crpyjH, Koja o6ehana umpoKy npHAieny y HHAycrpHjH.

IlyjicHpajyha crpyja ce KapaKTepHuie ca TpH He3aBHCHa napaMerpa:

a) rycrHHOM crpyje y TOKy nyjica,

b) BpeMeHOM Tpajaaa iryjica h

c) BpeMeHOM Tpajaaa nay3e.

BapHjaiyijaMa obhx napaMeTapa Mory ce Meaara yoiOBH TpaHcnopTa Mace

Kao h yciOBH ejieKTpoKpHcrajiH3auHje, aACoprmwje h Aecopninije. y TaKO uih-

poKOM oncery yaiOBa pafla Mory ce aoShth Tano3H yHanpeA OApeljemix ocoOHHa

ii KBamiTeTa. Behn 6poj ayropa npoyqaBao je npeflHociH pa^a ca nyjicHpajyhcm

crpyjoM y c-AHCcy Ha KOHBeHHHOHajiaH HaqHH, npH qeMy cy aoiujih ao 3aKJbyHai<a

Aa paA ca nyjiCHpajyhoM crpyjoM aoboah ao :

a) cMan>eH>a nopo3HOCTH,

b) iioGoji.maiba aTxe3Hje,

c) no6ojbiuaH>a pacnoAejie Tajiora,

d) Behe noKpHBHe moHh,

e) no6ojbuiaH>a TanowHe Mohn,

f) no6ojbuian>a i|)H3Hmkhx oco6HHa h

g) cMaibciba yHyTpauiH>HX HanoHa Tajiora MeTajia.
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IV-1. MEXAHH3AM H KHHETHKA AHOJXHE OKCHJIAHHJE XAJIKO-

nHPHTA y KHCEJIOM XJIOPHAHOM CHCTEMY

3. R. CTaHKOBHh

TexHUHKU tpaxyAuieui, Eop

KopHuiheifceM ranBaHOcraTCKe h xpoHonoTeHUHOMeTpHjcKe Merofle oflpeljemi

cy HeKH oa napaMerapa aHOflHe OKCHAainije npupoflHor nojiHKpHcrajiHor MHHepaua

xajiKonHprna y Kucejuuw xjiophuhhm CHCTeivutMa. HcmtTaHa je TaKolje h 33bhchocx

CTaimonapHor noTemjHjajia oa nojeflHHHX johckhx bpcth y cyjicpaiHOM CHCTeMy.

IV-2. AHOJIHO nOHAUIAILE XAJIK03HHA Y XJIOPOBO^OHHMHHM

PACTBOPHMA

B. 3jiaTKOBHh

TexHUHKU 0aKyAtueui, Eop

IlpoyyaBaHO je aHOflHO noHamaite xajn<o3HHa y xjiopoBOflOHmiHHM pacTBO-

pHMa. Bp3HHa aHOflHor pacrBapaiba xajnco3HHa 3aBHCH op KOHueHTpaipije Kynpn-

-joHa, a Tafel-OBH Harn6n mwajy Bpe/jHOcr o,n oko 120 mV. IloKa3aHO je j\a mh-

pyjyhn noreHUHjaji xajiK03HHa 38bhch oa aKTHBHOCTH Cu++ joHa y pacrBopy.

IV-3. AHOAHH nPOU,ECH HA TBO^CBy V AJIKAJIHHM PACTBOPHMA

R. M. Jl,pa>KHh h Chen Shen Hao

TexHOAOtuKO-AieiuaAypiuKU <p~aKynuieui u Hncuiuuiytu 3a xc.Hujy, uiexHOAonijy u

Mexucuiypmjy, Eeoipad

EKcnepuMeHrajiHO je npoyiaBaHO aHO^Ho pacTBapaite rBOHd)a y aKTHBHoj

oSjiacTH pacrBapaiba y iiinpeM oncery KOHueHTpauiija KajmjyM-xunipoKCHfla (0,05—

—5 M). npeTxoflHHM KaTOflHHM nojiapH30BaH>eM ejieKTpoAe ca oko 2 mA/cm2

nocTHTHyra je ao6pa penpoayKTHBHOCT Mepeita, Koja cy Kao flHjarHocrauKe KpH-

Tepnjyjvie 3a aHajnray MexaHH3Ma peaKqnje aajia: aHOflHH HarH6 60 mV/dek. n

pea no OH- joiniiwa «oh - = 1 • AHajui3HpaHH cy BepoBaTHH MexaHH3MH OBe

aHOflHe peaKUHje.

IV-4. YTHHAJ XJIOPH^A HA AHOAHO PACTBAPAIBE AJIYMHHHjyMA

JL. ATaHacocna, A. P. Jlecnuh h fl. M. /l,pa>KHh

lluciuuuiyui tuexuuHKux Hayxa CAHY u TexHOAOiuKO-Metua.iypwKU

<p~aKynuieiu, Eeoipad

MepeHa je HAineaanca noBpuiime ajiyiwHHHjyMa bhcokc miCTohe ypoiteHor

y pacTBop HaTpHjyAi-xnopHAa y 3aBHcHocni op KOHneHTpainije cojih h rycraHe

CTpyje aHOflHor pacrBapaHsa. ycraHOBJbeHO je na ce y KOHueHTpoBaHHM pacrBopHAia
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xjiopn/ja HMne^aHca Mowe npeflcraBHTH npocrHM Randies-obhm eKBHBajieHTHHM

kojiom *mja 3aBHCH0cr ofl rycrHHe crpyje ynaayje na aKTHBairaoHO KoirrpojiHcaH

npon.ec pacrBapaifca. Ca pa35.ia>KeH>e.M pacrBopa MefjyTHM, flOJia3H mo fle^opiwaimje

HMneAaHCHor AHjarpaMa y KOMiureKCHoj paBHH Koja yna3yje Ha cjiokchoct Mexa-

HH3Ma pacrBapaaa.

IV-5. EJIEKTPOXEMHJCKE KAPAKTEPHCTHKE H CTPYKTYPA

R11O2 — Ti02 nPEBJIAKE Y XJIOPHJIHHM PACTBOPHMA. YTHHAJ

TEMnEPATYPE OOPMHPAH>A H KOJIHMHHE nPEBJIAKE

H. B. Kpcrajwh, M. R. CnacojeBHh, M. J. DJjbyKHh h P. T. ATaHacocKH

IiHcuiuiuyiu 3a xeMujy, iuexrwAoeujy u MeiuaAypeujy, Eeoepad u MeulaAypiuKU

(fiaxyAuieui, Tuuioepad

Y HameM pamtjeM pa;ry je 6ho ycraHOBJbeH onTmviajiaH cacraB npeBJiaKe Ha

6a3H RUO2 — Ti02 y oflHocy 40:60% mol. 0;iper)HBaH»eM KOjiHTHHe pyranHe

$a3e y npeBJiaim nojuohy jmcppaKTorpaMa, noBpuiHHCKHX CBojcraBa npeno ithk-

jihmhhx BOjrraMorpaMa h ejieKTpoxe.wnjcKe aicraBHocTH 3a peaKirajy H3ABajaH>a

xnopa npeKO noTeHimjajia Ha aa-roj iycram* crpyje, y obom pa^y je yTBpr)eHO ;ia

je oirrHMajiHa TeiwnepaTypa (popMHpau>a npeBJiaKe oko 500°. Ha cjjH^aH HaiHH

je ycraHOBJteHO fla je onTHMajiHa Kora^HHa pyTeHHjyMa h THTaHa y npeBJiaim

oko 10 g/m2.

IV-6. CHMYJLAHHJA nOTEHHHOflHHAMHHKHX BOJITAMOrPAMA

3A CJIY^EAJ TAJIO)KEH>A H PACTBAPABbA METAJIA HA HECPOflHOJ

nOflJI03H

A. P. ^ecruih, M. I\ naBJiOBHh h M. fl. ,Hpa>KHh

TexHOAmuKO-Mema/vypvuKU (fiaxyAuleiu, Eeoepad u HHCutuiuyut 3a xeMujy,

iuexHOAOzujy u MeiuaAypeujy, Eeoipad

Ha noTeHUHO/iHHaAiHHKOM BonTaAiorpajviy 3a HHepTHy ejieKTpo,a;y y paciBopy

MeTa.THHX joHa jaBJta ce KapaKTepHcnwHa nerjia crpyje Ka^a ce KaTo^HO o;i

paBHOTOKHor noreHHujajia pa3ejieKTpHcaH>a obhx joHa, Meraji Tajio>KH y3 noBehaHbe

noBpuiHHe 36or TpoaHMeH3HOHajmor pacra Kpncrajia. Y obom paay yMHH>eH je

noKyuiaj KBaHTHTaTHBiie HHTepnpeTairHje OBe nenBe KopmuheifceM croxacrHiKor h

aerepMHHHCTHMKor jwoaejia 3a nojaBy KpHcrajiHHX HyKJieyca Ha noflji03H h Koajiec-

ueHUHjy KpHcrana tokom pacra. rioKa3aHO je aa cy pa3Jini<e H3Mer)y #Ba MOflejia

He3Ha»jajHe Te jra AeTepMHHHcnmKH MOfleji Hiwa npeflHOcr jeflHOcraBHHje MaTe-

MaTHMTKe oSpaae.
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IV-7. KOMI1APATHBHO HCnHTHBAH>E OKCHJIAIJHJE

<t>OPMAJIflEXHJlA HA nJIEMEHHTHM METAJIHMA y AJIKAJIHOM

EJIEKTPOJIHTy

M. ABpajviOB-HBHh, A. TpHiiKOBHh h P. Aunh

Hncuiuiuyui 3a xeMujy, wexHonoeujy u Memajyypeujy, Eeoepad

OKCHflaimja (popiwannexHua je 0p, HHTepeca 36or Tora iiito je Taj MOJienyji

noTeHirHjarao ropHBO 3a ropHBHe cnperoBe h uito ce jaBJta nao HHTepMcanjap

rrpH OKCHAairHjH apyrnx opraHHKa. 3a pa3JinKy on KHcejior ejieKTpanHTa, y

aju<ajiHOM ce 3ana>Kajy 3HaqajHe crpyje OKCHflaiinje OBor MOJienyjia. V obom

HcnHTHBaity je Har)eHO #a 3JiaTO noKa3yje HajBehy aKTHBHOcr, ujto je on npaK-

nraHor h TeopHjcKor HHTepeca. ITopel)eH>e aKTHBHOCTH Au, Ag, Ir, Pt, Pd h Rh

ejieKTpoae He aaje T3P. ByjmaHCKy KpHBy, Koja ce Hajia3H 3a OKCHflairnjy apyrux

opraHHKa. Pa3ji03H OBaKBor noHama&a (popiwajmexitaa h aHa^H3c aKTHBiiocTH h

ocooeHOCTH ropH>HX ejieicrpoaa 6nhe H3Jio>KeHH.

IV-8. <I>AKTOPH CTAEHJIHOCTH PABHOTE5KHHX nPOHECA HA

TPAHHMHOJ nOBPUIHHH: OKCHJI, — EJIEKTPOJIHT

JI. MHXOBHJIOBHb H C. BeJbKOBHh

npupodHO-MaiueMauitiHKu ^aKyniuexu, Eeoepad

HcnHTHBaHa je MOflHcpHKauiija KapaKTepHCTHraHX napajvieTapa ejreKTpmmor

flBOcrpyKor cnoja Ha peBep3H6Hjraoj MetjynoBpuiHHH: OKCHfl-BOfleHH pacTBop kh-

cejurae, y ycjioBHMa nojanaHe xnnpaTauHje noBpuiHHe, h y npncycTBy KOMnjieK-

CHpajyhnx h OKCHflyjyhnx cyiicraHnHja (H2O2, J2/JC>3~, OKcajma KHcejiHHa h ap ),

Kofl AI2O3 h TiO. OApetjeHa je napanejTHa npojvieHa khhcthtkhx BejiHMHHa, kr

h Eakt, pacTBapaH>a OKCuua npn hcthm ycjioBHMa. JI,o6HjfcHa je 3aflOBOJtaBajyha

KopejiaHHja thx noflaTana ca npopa*r/HaTHM BpeAHOCTHAia kr, y3 ycjiOB aa je

aflcopmrHja H+ joHa ofljiy^yjyhH npouec. TeHepajraa aacopnTHOHa H30Tepi«a je:

aH+b=f(Q), rfle je b paBHoreHma KOHcraHTa, oah. 6=exp(—&G°+Aei.ttat-)> "a

CaMHM THM 3aBHCH H Ofl KOHCTaHTH CTaSnjIHOCTH CBHX nOBpUJHHCKHX BpCTa, KOje

HCTOBpeiweHO yrmy h Ha HcnHTaHe kr h Ha napaiweTpe peBep3H6njiHe Mtr)yno-

BpuiHHe. Kofl TiO ce jaBJta Benmca MOAHcpHKaHnja KHHeTHKe pacrBapaiba.

IV-9. OCOBHHE TPAHHHHE nOBPIHHHE METAJI/MBPCT

EJ1EKTPOJIHT

C. Memyc, M. Illyorah h C. TajHHOB

npupodno-MameMauMMKU (fiaxynuieiu, Eeoepad

Pa3iviaTpaHe cy cneuHcpHMHOCTH rpaHHHHe noBpuiHHe MeTa:i/iBpcr ejieicrpojiHT

h h>hxob yTHHaj Ha TaTOOcr Mepen>a eiieKTpHHHHX, ejieKTpoxeMHjcKHX h jipyrnx

diH3HTn<oxeMHjcKHX ocooHHa. noi<a3aH je HanHH 3a pa3jrHKOBaH>e ocoGiiHa ejieKrpo-

jiHTa oa ocoGnHa rpaiiHine noBpuiHHe npn nMne,uaHCHHM MepenbHwa.
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IV- 10. COPnUHJA JOHA AJIKAJIHHX METAJIA HA MET.ynOBPniHHH

UHPKOHHJYMOKCHJI/BOJ1.EHH PACTBOP EJIEKTPOJIHTA

C. Mnnoftub, 3. HjihH h M. Konetran

llticiuumyiu 3a nyKAeapm Huyxe „Eopuc Kudpun", Eeoipad—Bimna

HcrojTHBaHa je copninija Li+, Na+ h K+-joHa Ha rpamraioj noBpuiHHH

UHpKOHHjyMOKCHfl/BOfleHH paCTBOp ejieKTpOJIHTa, MeTOflOM nOTeHUHOitteTpHjCKe

THTpaiuije. CoprmHja joHa je H3y*iaBaHa H3 pacTBopa KOHneirrpaimje 0,1 p,o 1,0

mol dm-3 h ao epe^HocTH pH= 10. HspaqyuaTe cy KOHcraHTe jOHH3auHje no-

BpiUHHCKHX XHflpOKCHJlHHX rpyna KaO B KOHCTaHTe jOHH3aUH]'e nOBpiUHHCKHX

KOMiuieKca. Ha^eno je, m ce Tam<a HyjiTor HaejieicrpHcaiha ncnHTHBaHor y3opi<a

UHpKOHHjyMOKCHfla Hajuum npn pH=4.

IV-11. AHO^HH MATEPHJAJIH y EJIEKTPOJIHTH^KOJ OKCHJIAUHJH

XJIOPATA

B. <t>nnHnoBHfe, H. KpcrajHh, M. CnacojeBHh, P. ATairacocKH h B. HHKarah

TexHOAOMKO-MeiuaAypuiKU fiaxyAiueiu, Eeoepad u MHcmumyui 3a xeAtujy, iuexHOAoeujy

u Mexuajiyptujy, Eeoipad

Kao aHOAHH iwaTepHjaji y ejieKTpojiHTmiKoj npoH3BOflH>H nepxjiopaTa yrjias-

hom ce KopHCTH nnaTHHa, 3axBajbyjyhH h,chhm ejieKTpoxeMHjcKHAi Kap3KTepncrH-

Ka.ua. Me^yTHM 36or noTpouinbe cnyne iuiaTHHe y npouecy, #aHac ce HacrojH

ce oBanaB aHOflHH MaTepnjaji 3aMeHH jecJrraHnjHM . y tom cMHCJiy OBaj paa flaje

ocHOBHe e.iei<TpoxeMHjcKe noi<a3aTejbe aHOAHmc MaTepujana (popiympaHHx KaTajiH-

30BaH.e.M HHepTHe noajiore (Hnp. TmaH) noroflHHM okchahhm crpyKTypaMa (rnip.

onoBOflHOKCHfl hjih OKCHflH njiejweHHTux MeTajia).



V. AHAJIHTHHKA XEMHJA

V-SP. JOHOCEJIEKTHBHE EJIEKTPOJIE

M. C. JoBaHOBHh

TexHonoiuKO-MeiuanypiuKu <f>aKy.iiueui, Eeoipad

JoHOcejieKTHBHa ejieKTpofla, cnperayTa npeKo noroAHor BojrrMCTpa ca o^-

roBapajyhoM pec^epeHTHOM ejieKTpoflOM, npeacraBJba gaHac jeBTHHO h y He MajiOM

6pojy cny^iajeBa, noy3flaHO opyr)e aHajiHTH*iapa Kano npH noTemrHOA;eTpHjcKHM

THTpaimjajvia, TaKo h npn ahpckthhm jwepeH>HMa noreHHHjajia HHAHKa-ropcKe

ejieicrpOAe.

noMeraK pa3Boja joHocejieKTHBHHX ejieKTpo,aa, npo3 HCiiHTHBaiLc iioHauiaita

craKJieHe Meivi6paHe, flarapa jom c noqerKa OBor Btna. Buuie Hero ceflaMflecero-

ro^HuiHbH, TeopHjcKH h eKcnepHMeHTajiHH pa3Boj craKJieHe ejieicrpofle ccneKTHBHe

npeiwa boaohhkobhm joHHiwa y^iHHHO je, 3a ce OHa aaHac ynoTpeGjbaBa Ha HaMHH

Kojn je CBHMa BHiue Hero no3HaT. Obo Mer)yTHM He iwo>Ke aa ce Ka>Ke h 3a ejieK-

Tpofle cejieKTHBHe npeiwa flpyrHM KaTjoHCKHM mui aH)OHa<HM Bpcraiwa — noneTaK

H>HXOBor pa3Boja aarapa cajwo flBafleceTaK roAHHa ynasaA- Te apyre joHocejieu-

THBHe ejieiapoAe, lwa^a ce ycneuiHO Mory fla npHMene npn noTeHinio.MCTpnjcKHAi

THTpaHHjaAia, 3axTeBajy npHMeHy 6a>KflapHHX AHjaraiwa h mccto noKa3yjy cy6-Hepn-

croBCKy 3aBHCH0CT Ka^a ce ahpcktho MepH noTeHUHjaji npoy3poKOBaH aKTHBHTemn

oflroBapajyhe joHCKe Bpcre y pacrBopy.

CBana joHocejieKTHBHa ejieicrpoAa y ochobh npeAcraBJBa MaTpniry uoja je

cei« y peTKHM H3y3euHJvia, (J)HKCHpaHa Ha Kpajy craiuieHe hjih iuiacrHMHe hcbh

h y Kojoj je hjih HHKopnopupana OAroBapajyha Bpcra Kpo3 CBoj tcujko pacruopan

o6jjhk, hjih je Tai<BO jeAHH>eite yrpjbaHO y iwaTpHuy, hjih ce paAH Haj3aj 0 moho-

hjih nojuiKpHcrajiy TeuiKO pacrBopHor jeAHibtiba 3anpeiwHHe hckophko mm3. Y

6hjio kom cjryiajy, Ha AOflHpHoj nOBpuiHHH (J)a3a ejieHrpoAa/ejieicrpojiHT, 3a-

XBajbyjyhn pa3JiHMHTHM HHBOHMa xeMHjcKor noTeHHHjajia Bpcre y pacrBopy h y

MBpcroj (J>a3H MeiwSpaHe, ycnocraBJta ce ejieKipoAHH noTeHunjaji »mjH ce CHraaji

hjih npHAieHOM yHyrpauiHier pe<j)epeHTHor pacrBopa, hjih „mbpcthai KOHTaKTOM"

(ejieKTpoHCKO npOBorjeae) caonuiTaBa MepHOM HHcrpyMeHry, Hajqeuihc pH-MtTpy.

BeoAia Ba>KHy KapaKTepncTHKy joHOcejieKTHBHHx ejieicrpoAa npeAcrasjba

HjHXOB „KOe(pHITHjeHaT CejieKTHBHOCTH", a KOjll je H3pa>KeH OAHOCO.M aKTHBHTCTa

joHCKe Bpcre npeiwa nojoj je ejieicrpoAa cejieKTHBHa, h aKTHBHTcra oweTajyhc

Bpcre. Taj oahoc jwopa Aa 6yne Man>H oa jeAHHHne h yKOjiHKO je oeoj 6jih>kh,

ejieKTpoAa je jwaiie cejieKTHBHa Ha „npHMapHe joHe" . OiweTajyhe joHcne hjih Mo;ie-

KyjiCKe Bpcre cy CBe OHe, Koje ca joHOM, KoiwnoHeHTOM Meiw6paHe, Aajy /waitc

pacTBOpHO jeAHifcefte, na ce OTyAa, ejieKTpoaKTHBHH MaTepHjaji, ceH30p, rpa>KH

iwer)y Hajiwarfce pacrBopHHM OATOBapajyhHM jeAHH>eH>HMa.
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V-l. CnEKTPOOOTOMETPHJCKO HCIIHTHBAHjE PEAKU.HJA

EHC-nHPA30JIHH-HJIA30-XPOMOTPOnHE KHCEJIHHE CA EAKPOM

H HHKJIOM

B. BacHh, O. Mo.-map h A. Myn

HHtiuuuiyui 3a nyKAeapne nayxe „Eopttc Kudpun", Eeoepad — Buhhcl

CneKTpo4)OTOMeTpnjcKn cy HciiHTanc peanuHje o6pa30Banba KOMiuieKca pea-

reHca 2,7-6HC-(nHpa3o;iHH-3(5)-Hjia3o)-l ,8-AHOKcniHa(pTajieH-3,6-AHcyjicpOHCKe kh-

cciHHe ca 6aKpoM h hhkjiom. HaljeHO je, ;ia y o6jiacra khccjiocth pH on 2 ao 14

OBaj peareHC ca 6aKpoM o6pa3yje Tpw rana, a ca hhkjiom ABa Tima KOMn;ieKca.

ITpoaHCKyTOBaHa je aHajioraja H3iwet)y cnenaTapa noje/jHHHX KOMiuieKca ca cneK-

TpHAia OAroBapajyhHX jonci<Hx craita peareHaca. 0,apeI)eH je cacraB KOMnjienca h

H3paqyHaTe KOHcraHTe CTa6HJ7HOCTH .

V-2. cnEKTPOOOTOMETPHJCKO OJI,PE'BHBAH>E EEPHJIHJYMA

H UHPKOHHJYMA nOMCRY PYTHHA

JI. E. Hcpem-, C. IleTpoBHh h A. "BopljeBHh

IIpupodHO-MauieAtaiuunKu (paKy.iiueiu, Eeoepad

OnHcaHe cy HOBe cneicrpocpoTOMeTpHjcKe MeTo^e sa oflpe^HBaite 6cpiiJin-

jy.wa, oflHocHO iyipKOHHjyMa noMohy pyTHHa y 50%-thom (v/v) MeraHOJiy. 06e

MeTOAe 3acHHBajy ce Ha rpal)eifcy KOMiuieKca cacraBa 1:1. MaraapHH ancopnmiOHH

KoetpHi^ijeHaT 6epicmjyM-pyTHH KonuiJieKca y npacycTBy au,eTaTHor nycpepa

[pH(R) = 6,4] h3hoch (),01±0,03) . 103 mol-1 m2 Ha 410 nm, a Beerov 3ai<OH

Ba>KH 3a KOHnempauHje 6epmiHjyMa p,o 0,63 jjig cm 3. MojieapHH ancopnqHOHH

KoetpHunjeHaT impKOHHjyM-pymH KOMnjienca y npncycTBy xj'opoBOflOHHMHe KHce-

.nme KOHnempaiinje l,2kmolm 3 Ha 420 nm H3iiocn (2,01 ± 0,04) . 103mol_1m2,

a Beer-OB 3aKOH Ba>KH 3a KOHqeHTpai^nje inipKOHiijyAia ao 3,64 [xg cm 3. nope^

Tora, y pajxy je HcmrraHa h ceneKTHBHOcr onwcaroix weTOfla.

V-3. OABAJAIbE H HAEHTHOHKAUHJA CIIHTETH^KHX OPrAHCKHX

nHrMEHATA Y CJIHKAPCKHM EOJAMA XPOMATOrPAct>HJOM HA

TAHKOM CJIOJY

M. PHCTHh-UIonajHb, V. MHJioBaHOBHh h T. JaifeHh

IIpupodHO-MaiueMaiumKu <p~ai<yAuieiu, Eeoipad

HciiHTaHH cy chhtcthmkh oprancKH nHraeHTH ca h 6e3 a30 rpync, Kojn cy

najieuihe 3acTyiui»eHH y cjiHKapcKHM yjbaHHM h aKpHJiHHM 6ojaMa. Ofluajaite

obhx nnrMeHaTa H3BpuieHO je xpomaTorpacpHjoM na TaHKOM cjiojy CHJiHKa-rc.ia .

PacTBOpH narMeHaTa y flHMeTHJicyjKpOKCHfly, KomjeHTpoBaBoj cyMnopHoj khccjihhh

h CMdira eTaHOJia h HaTpHjyM-XHflponcHAa xpoMaTorpacpHcami cy y cjieAehHM

ciicrcttHMa pacTBapaiia: 6eii3cji-qHKjioxeKcaH-x.iopo(l>opM-50% cnpheTHa KHcejiHHa
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(6:2:1:1) h eTaH0Jia1viHH-AHMeTH.icy;i(l)OKCHA-6eH3Oji (1:3:1). OBaj nocrynaK je

npHAieiteH 3a aHajiH3y cjihiopckhx yn>aHHx h aKpuriHHx 6oja 3a noje je yrBptjeHO

Aa cagp>Ke HcrorraHe nHrjweHTe nojemiHatmo h y CMeuiaiwa.

V-4. O^BAJAHjE H CEMHKBAHTHTATHBHO (WETiUBABbE MHKPO

KOJIH1HHA UHPKOHHjyMA(IV) H THTAHA(IV)

XPOMATOrPAOHJOM HA TAHKOM CJIOjy CHJIHKA TEJIA H

Jl. B. ricpeHT h B. JK. nauiajjiub

npupodHO-MaiueMauinHKii <pai<yjiiueui, Eeoipad

OimcaHa je xpoMaTorpacpcio MeTOfla 3a oflBajaifce h HcroBpeMeHO cejvmKBaH-

THTaTHBHO oflpe^HBafte MiiKpo KOJiH^uma uHpKOHHjyivia(IV) h THTaHa(IV) y CMeiiin

ca BehHM 6pojeM HeopraHCKHx joHOBa Ha TaHKOM cjiojy MO,iu«pHKOBaHor CHJiHKa

rejia H. Kao pacTBapa'i KopHiuheHa je awema xjiopoBOflOHHiHe KHcejiHHe (6 kmol

m-3), aueTHji aueioHa h cyjvinopHe KHce^HHe (9 kmol m 3) y OflHOcy 60:2:1

(v/v/v), a pa3BHjaH>e je Tpajajio oko 20 jvumyra. i?/-BpeflHOCT uHpKOHHjyivia H3-

nocHJia je 0,6, THTana 0—0,3 )(pa3By^eHa Mpjta), aok cy i?/-BpeflHocrH ocrajmx

HCIIHTHBaHHX jOHOBa H3H0CHJie OKO 1. IjHpKOHHjyM H THiaH Oflpe^HBaHH C> BH3>-

ejmoM KOJiopHineTpHjoM Mpjba noore H3a3HBaH>a xpoMa-rorpaivia ajiH3apHHOM S.

OnncaHa iweTOfla OMoryhaBa oapeljHBaifae o« I jo 7 jxg uHpKOHHjyMa(IV) h ojx

2 flo 7 |ig THTaHa(IV) ca pejiaraBHOM rpeuiKOM MaHbOM 0£ 7,5%.

V-5. THTPAUHJE HEKHX HOBOCHHTETH30BAHHX CTEPOH.0HHX

BA3A y HEBO,HEHOJ CPEAHHH

<t>. <t>. ran, Jl. A. MmtKonHh, K. M. TauiH u JJ,. Jb. Ky3Mnb

HpupodHO-MaiueMaiuuHKU (fiaKyAiueui, Hoou Cad

H3BpiueHe cy noTemmoMeTpHjcKe h KaTajmraqKe TepMOMerpHjcKe Tmpaiufje

Heioix H0BOCHHTeTH3OBaHHX crepoHAHHX 6a3a, noje caflpwe nHpHflHHCKH npcreH

y MOJieKyjm noMohy 0,1 mol dm 3 nepxnopHe KHc&rmHe y CHpheraoj khccjikhh.

Oflpel)HBaHe cy kojih^hhc ofl 15,3—37,7 mg pa3jmMnrax 6a3a ca pejiaTHBHOM

craHflapflHOM aeBHjauHjoM m£ih>om op, 0,89%. Pe3yjrraTH nojeaHHa^HHx oapel)H-

Baiba HcnHTHBaHHX jeflHH>eH.a ao6hbchh KaTajranraKOM TtpMOiwerpHjcKoivi h no-

TerajHOMeTpHjcKOM THTpai<HjoM ce Me^yco6HO cjia>Ky. KopHcrehn no^arae hotch-

UHOMerpHjcKHX THTpaunja H3paiyHaTe cy pK BpeflHOCTH HcnHTHBaHHX jeAHH>eH>a

h aaTa cy Moryha o6jauiH>eH>a 3a pa3JiHKe noje cy nocjieflima reoMeTpnjcKe H30-

Mepaje oflpetjeimx aepHBaTa. ,II,o6HBeHH pe3yjrraTH noKa3\jy p,a oBa jeflm&eifca

cna^ajy y jaqe 6a3e (pK 6,18—7,03) y CHpheraoj khccjihhh. TaKolje je yrBpt)eHO

aa yBo^eae jeflHe BHHHJi-rpyne y a-nojio>Kaj rmpHflHHCKor je3rpa 6htho He

yraMe Ha 6a3HOcr je#HH>eH>a. Oflpel)HBaH>e H30MepHHx KeroHa 3(3-aueTOKCH-17-iiH-

KOJHiHHjiHAeH-5-aHApocTeH-16-oiia y cnieuiH ycneumo je H3BpmeH0 noTemuio-

MeTpujCKOM THTpaUHjOM C3MO V aHXHflpHfly CHpheTHe KHCejIHHC
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V-6. HOBE KATAJIHTH^KE THTPAUHJE 3A O^PE'BHBAIfcE

OPrAHCKHX BA3A Y HEBOJ1EHOJ CPEJXHHH

O. <t>. Tan h A. C. TonajiOB

npupodHO-MdiueMauiuHKu 0aKyAiueiu, Hoeu Cad

HcmiTHBaHe cy hobc MoryhHoc™ 3a KaTajurowKO TepiwoMeTpHjcKO o,npe-

fiHBaibe 3aBpuiHe TaMKe KyjiOAierpHjcKHX THTpauHja opraHCKHX 6a3a. HeyrpajiH-

aamioHe raTpaimje cy BpmeHe y CAieum aueTaHXHflpH/j, CTHpeH, cnpheTHa KHce-

.thb2 (3:2,5:1). Kao npOBOAHa co KopHiuheH je HaTpHjyM-nepxjiopaT (0,1 mol

dm-3), a reHepaTopcKa eneKTpoAa je onjia oa nuaTHHe. H3BpmeHe cy h boji/-

MerpHjcKe THTpaimje, npH nmy je Kao THTpaimoHO cpeflcrBo KopHiuheH craH-

aapaHH pacrBop nepxjiopHe KHcejume y CHpheraoj khc&jihhh (0,01 mol dm-3).

3a capet)HBaH>e 3aBpiiiHe Tame THTpaunje iipHAieiteHa je eraoTepMHa peaKimja

noira.HepH3aiuije crnpeHa Koja je KaTajnraoBaHa npBHM bhuikom KHcejume. Tok

THTpamije je npaheH TepMOAieTpHjcKH h (poTOMeTpnjcKH y3 KOHTHHyajmo perHcrpo-

Bas>e THTpaixHOHHX KpHBHX. Ojjpel)HBaHe cy KOJiHMHHe ofl 0,9—1,8 mg pa3HHX

6a3a ca MaKCHMaiHOM craHAapflHOM fleBHjaimjoM waibOM oa 1,1%. IlocTHrHyTH

pe3}.TraTH cy y carjiacHOcra ca pe3yjiTaTHMa jjooHBeHHM ynope/jHHM Meroflaivia.

V-7. IIPOYMABAHjE HEKHX PEAKLtfiJA H3ME"BY CYJIOATA

H 3EMHOAJIKAJIHHX METAJ1A Y CMECH, METOflAMA THTPAUHJE

3ACHOBAHHM HA EMHCHOHOJ H AnCOPnHHOHOJ

CnEKTPOMETPHJH

JX- 'B. CrojaHOBHfc, C. J\. HHKO/iHh h B. J. BajraHfl

IlHcuiuiuyiu 3a upuMeny uyKAeapne enepeuje y uojboupuepedu, eetuepuHapcuiay u

myMapciuey, 3eMyu u TlpupodHO-MaiueMamwKu (fiaxyAuieiu, Eeoepad

3a npoyHaBaH>e peaKimja Koje ce o^HrpaBajy y npouecy HcnapaBaH>a Kami

pacTBapa y iriajweHy Ba3flyx-BO,noHHK, y obom paay cy npHiweifceHe Meroae th-

TpauHje oiutcaiie y hhiuhm nperrxoAHHM paaoBHAia. CyuiTHHa obhx MeTO.ua je y

To.we uito ce 6a3Hpajy Ha o6pa30BaH>y TepMOcra6HJiHHX jeflHH>eH>a H3M.el)y Hei<or

jwerajta M h aHjoHa HHxn6HTopa X(M+X->MX). Y npouecy HcnapaBaH,a Kaim

pacraopa, 6hjio aa ce M Tmpyje ca X, hjih o5pHyro, ayroMaTCKH ce Ha micaqy

perHcrpyjy npojweHe y eMHCHjn hjih ancopmmjH iweTana M. Ha oaaj Hamm ce

Ao6Hjajy KpHBe KapaKTepHcnumcr o6jmKa, ca o/jpel)eHHM mojickhm OAHocnAia

M/X y KapaKTepHCTHMHHM TaiKaiwa. Ha 6a3H obhx oflHoca ce Mory h3bccth 3aK-

Jhymja o peaiamjaMa H3M.el)y M h X. Y obom paay cy npHKa3aHH pe3yjrraTn ao-

6Hjemi npn THTpauHjH CMeca Ca+Ba h Ca+Sr pacrBopoiw cyncpaTa, npn MCMy

cy perHcrpoBaHe npojweHe y eMHCHjn CaO Tpane Ha 622 nm h CaOH Tpane na

554 nm, Kao h npoiweHe y ancopnHHjH Ca Ha 422 nm. Ha 6a3H mojickhx o/iHOca

M/X, H3BeAeHH cy 3aKJbymm o peaocjiefly peaKimja h hckhm KBaHrHTaTiutHHM

npoMeHajvia jjo i<ojiix /K)jia3H y npoqecy HcnapaBaiha Kann pacrBopa.
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V-8. KHHETHMKO OJXPETiHBAH>E MHKPO-KOJ1HHHHA

C2O5- JOHA y PACTBOPy

P. HroB, T. MnjieTHh, T. IleijeB h C. Paumh

&h.w30(/)cku (fiaKyAiueui, Huut u EH, Hiiui

3a oflpe^HBaite MHKpo KOjmiHHa C2OJ- joHa y pacrBopy KopmuheHO je

HjHxobo hhxhohtopcko flejcreo Ha peaKUHjy OKomanHp KJ BOAOHHKnepoRCHAOM

i<oja je KaTajiH30BaHa WOJ- joHHMa. OflpeljeHH cy onTHAianHH ycnoBH oflnrpa-

Ban>a peaKunje 3a oapeljHBafte C2OJ- joHa h npHweHo.w cpoTOMeTpHjcKtr no-

crj'nKa 3a npaheitc 6p3HHe peaKunje, Mory ce oapcahth kojihmhhc or 1,2 . I0~7

AO 1,2 . 10~6 g/cm3 OKcajiaraHx joHa. PejiaTHBHa rpeiima ce npehe op, 1 ao 12%.

3a oSpaay KHHenmKHx no^aTaKa KopHUifeeHa je flH(J)epeHUHjajnia BapHjaHTa TaH-

reHCHe MeTOfle. H3BeAeHe cy KHHCTiiMKe jeAHaiHHe 3a KaTajraTHwy h hhxh6h-

TopcKy peaKUHjy. HcnHTaHa je cejieKTHBHOcr npeflJiOKene MeTC-ae h noKa3ajio ce

Aa Behn 6poj HcniiTHBaHHx joHa He OMerajy oapel)HBaH,e OKcajiaTHHX joHa.

V-9. nOJIAPOrPAOCKO HCnHTHBAH>E nPOH3BO,HA EPOMHPAEbA

1/uc- h /«/>aHc-H30MEPA

H. CnupeBCKa h B. Pei<a;iHh

XeMujcKu (fiaKyAiueui, Cxouje u TexHO.iowKO-MeiuajiypitiKu f/jaKyAtueiu,

Beoipad

HcriHTaH je yTHuaj pH h KOHueHTpauHje opowa Ha 6po«HpaH>e waneHHCKe

h (pyjwapue KHcejmHe y ny(pepy: (poccpopHa KHcejiHHa — cpoccpaT. nporoBOA

SpoMHpaiba MajieHHCKe KHcejiHHe npn pH H3Haa 5 ^aje jeflaH ncciaporpacpcKH

Tanac (£i/2 = l,05 V), a hoioa OBe BpeflHocrH ABa Tajiaca (£1/2 =0,35 ao 0,45

h 0,70 ao 0,85 V). JXo auraie nojaBe aojia3H h koa (pywapHe KHcejiHHe, jyia^a

cy 3ana>KeHe pa3JiHKe y BHCHHaiwa Tajiaca. ynopel)HBaH>e Tajiaca chhtctckh j\o-

SnjeHe AH6poMhmiH6apHe KHcejiHHe h npoH3BOfla opoMHpaita MajieHHCKe h cpyiwapHe

KHcejiHHe noKa3yje pa3JiHKe y norjie^y nojiyTanacHor noTeHUHjajra npBor Tajiaca

h BHCHHe Apyror Tajiaca. yMHH>eH je noKymaj 3a ce o6jacHe OBe nojaBe h pa

ce yTBpAH MoryhHocr npnivieHe OBe peaKunje 3a oflpe^HBanbe uhc- h TpaHC-H30Mtpa.

V-10. 11PHMEHA CyJKUHJlHSHPAHE BAKAPHE )KHUE I<AO

JOH-CEJIEKTHBHE EJIEKTPOflE 3A ^HPEKTHA

nOTEHUHOMETPHJCKA (WETdHBAHjA

B. By^ypoBHh, M. C. JoBanoBHh, la. Mnimh h M. MHTpOBHb

TexHOAOiuKO-MeiuaAyptuKU (fiaKyAiueui, Eeoepad

y TOKy nocjieAH,Hx roAHHa, joHOMerpHjcKe MeTOfle aH£uiH3e Hajia3e 3HaMajHy

npaKTH^Hy npHMeHy 3a pemaBaibe HH3a aHajiHTHHKHX 3aAaTaKa. V tom KOHTeKcry,

je^Ha oa HajpacnpocrpaifceHHjHx h HajBHine HcnHTHBaHHX ejieKTpoAa je Cu-cejieK-

THBHa ejieKTpoAa, aa <uijy H3pa;iy MeiviSpaHe cy KopHiiiheHa pa3jw*iHTa jeAHH>eH>a
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h H>HXOBe CAieiue, a 3a MHKpo oapel)HBaH>a h cyjicl)HAH3HpaHa SaKapHa >KHua. y

obom pawy npHKa3aHa cy HcnHTHBa&a H3BpmeHa y HHJby H3paae h npniweHe

Cu-ceneKTHBHe ejieicrpofle, 3acnoBaHa Ha cyji(pHAH3auHjH nonperaor npecena pa3-

jm^HTHX GaKapmix >KHua anAieH3Hja 50—1150 [im. Cyji4)HflH3auHja je BpuifBa ca

H2S npH ^esiy cy VTBpl)eHH onTHMajnra yoiOBH y OflHocy Ha Bpeivie, TejvinepaTypy

h HanHH KOHamntOHHpaaa eneicrpoAa. Pe3yjrraTH floSHjeHH npHMeHOM OBaKBHx

ejiempofla y cnpery ca 3KE nc-Kasyjy HepHCTOBCKy 33bhchoct ao KOHueHTpanHje

I0-5 mol/dm3. TaKolje, OBaKBe ejieicrpofle y norjie#y HaHHHa mpajxt noi<a3yjy

0flpet)eHa npeHMyhcTBa.

V-ll. nPHMEHAHHTEPOEPOMETPHJCKE METOJJE 3AY n03HABAH>E

COPnD[HOHHX MEXAHH3AMA HEKHX JE.HHOBAJIEHTHHX JOHA

HA JAKO KHCEJIHM KATJOHHMA

P. MHjxouieBCKa, M. KajinaKl)HjaH h T. To/jopoBCKH

XeMujcKu (fiaKyAuieiu, Cnouje

IIpaheHa je KHHeraKa h MexaHH3aM joHCKe H3MeHe hckhx jeflHOBajieHTHHx

joHa Ha jano KHcenHM KaTjoHHAia: Aiw6epjiHT — IR-120, BcwJraTHT KPS h JleBaTHT

S 1080. ripon;ec joHCKe H3Mene npaheH je y craTHHKHM yoioBHiwa Tj. y pacTBopy

ca orpaHHyeHOM 3anpeMHH0M. Kao HHcrpyMeHTajraa MeTo^a KopnuiheHa je Hffrep-

(JjepoMeTpuja. MoflHcpHKaimjoM anapaType npaheHa je 6p3HHa joHCKe H3iweHe ca

TennepaTypHOM BapHjaroijoiw y TeivinepaTypHOM HHTepBany 03 20—35°.

V-12. ,HBO<I>A3HH nyOEPCKH CHCTEMH CA JIHnPOTHHHHM

KHCEJIHHAMA

T. J. JaibHh, E. B. MHnocaBJbeBHh h M. K. CpflaHOBiib

npitpodHO-MameMaiuuHKU cfidKyjiiueiu, Eeoipad

ripoy^iaBaHH cy flB0<})a3HH nycpepcKH chctcmh ca ahhpothmhhm KHcejiHHaMa.

H3Beflese cy jeAHa^HHe Koje flajy 33bhchoct nyc}>ePCKor KanauHTera ((3) ojx pH

3a flB<xpa3He nycpepe OBora rana. OBe jeaHaqHHe eKcnepHMeHTajmo cy noTBptjeHe

Ha HeKOJiHKO flBo4>a3HHx nyepepa Kojn cy ca#p>KaBajiH KHcejiHHCKO-6a3ne napcme

flHnpoTnqHHX KHcejiHHa pa3JiH»jrHTora rana.

V-13. ,HBO<I>A3HH nycDEPCKH CHCTEMH KOR KOJHX ,H.OJIA3H JIO

EKCTPAKHHJE JOHCKHX nAPOBA

T.J. JaitHh, E. B. MnjiocaBoeBnh h W. Nanayakkara

TIpupodHO-MauieMauiuHKU (fiaxyAiueui, Eeoepad

ripoyqaBaHH cy flBO(J)a3HH ny(})epcKH chctcmh koa Kojnx «0Jia3H flo ei<cTpai<-

unje joHCRHX napoBa. H3B€weHe cy jeflHaMHHe no/viohy Kojnx ce jwory H3paiynaTn

nycpepcKe KpHBe, |3=f(pH), 3a flBO<J)a3He nycpepe OBora rana. Obc je/niaimie
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eKciiepHMeHTajiHO cy noTBpljeHe 3a hckojihko ABOKOMnoHeHTHHX AsocpasHHX ny-

(pepa, Kojn cy caApnoBajiH KHcejiHHCKo-6a3He napoBe jeAHe MOJiei<y.icKe (HA)

h jeAHe KaTjoHCKe KHcejome (HB+), a koa kojhx AOJia3H no eKcrpaKUHje johckhx

napoBa THna HB+A~. Cbh y obom paay npoyieHH nycpepn npHiweHj&HBH cy y

3HaTHO uiHpeiw pH HHTepBany (HHTepBajiHMa) Hero, 6hjio „KJiacHHHH" (MOHOcpa3HH)

ABOKOMnoHeHTHH nytpepn, Shjio apyra ABOKOMnoHeHTHH ABocpa3HH nycpepcKH

CHcreiwn. y obom pa,iry je TaKot)e yTBpt)eHO, je ecpeKaT pa36jia>KeH>a koa nycpepa

koa Kojax A0Jia3H AO eKcrpaKUHje johckhx napoBa 3HaTHO MaifcH Hero koa parajc

npoyuaBaHHx AB0cpa3HHX nycpepa.



VI. BHOXEMHJA

VI-SP. MOJ1EKYJICKH ACI1EKTH EBOJIYIJHJE H OYHKUHJE

XOMOJIOrHX nPOTEHHA

BojaHa rpyjah-Hibau

npupodHO-MauieMauiuHKu fiaxyAuieiu, Eeoepad

rio^teB ofl 1962. rofl. Ka^a je Braunitzer ca capaAHHHHMa oSjaBHO npBy

ceKBeHuy jeAHor xeMorjio6HHa (xyjviaHor HbA/) na ao gaHac OApet)eHa je npn~

MapHa crpyKTypa jeAHor HH3a xeMoniooHHa cncapa, pH6a, nrana, HHceKaTa na

h -ieryjwHH03a. IIopel)eH>eM aoohbchhx ceKBeHUH yo^eH je hh3 cjihmhocth h

paaitHKa H3 KojHX ce iwo>Ke 3aKJbyMHTH o CTapocra nojeAHtnx >khbothh>ckhx

Bpcra, TOKy eBOJiynnje n BpsweHy AHBepreHUHje. AHajiH3e obhx ceKBeHiui h

KOHtpopMaimja rjio6HHa y KOAiSHHauHjit ca oaaBHO no3HaTHM Hmhemmma y

(j)H3HOJiorajH o TpaHcnopraoj cpyHKiBijH xeiviorjiooHHa, ojvioryhiuia je na. ct Ha

MOJieKyjicKOM HHBoy o6jacHH jwexaHH3aM peryjiaiuije acpHHHTeTa MHorHx xeiworjio-

6Hna ijuto je AOBejio ao ca3Han>a Aa ce h acpHHHTeT xeMomoSHHa peryjinme Haj-

.waite noMohy ABa MexaHH3iwa: reHercKOM kohtpojiom h kohtpojiom noMohy ajio-

ciepHHHHX ecJ)ei<aTa. Tano AaHac 3axBajbyjyhH no3HaTHM ceKBeHAHjaivia mohwmo

Aa oSjacHHMO kzko 4>eTyc Annie y yrpoSn MajKe, hjih pa6e y boah, hjih Jiajv.a

h nrome Ha bcjihkhm BHCHHaiwa. Hcto TaKO OApel)HBaH>eM nojiowaja H3iweHa aiwHHO-

KHcejiHHa y nojmnenTHAHOM jiaimy a- hjih (3-HH3a naTOJionn<HX xeiworjio6HHa

Mowe ce oSjacHHTH AnajjyHKnuja obhx npoTeHHa.

VI-1. CTAEHJIHOCT PEKOHCTHTYHCAHHX JIHOOHJIH30BAHHX

CTAH,nAPJXA XEMOrJIOBHHA

II. Jomih h H. MajKHh-Cnur

BojnoMeduifUHcica axadeMuja, Eeoepad u &apMaifeyiucKu <p~aKyAuieui,

Eeoepad

npimpembeH je .mo(pHJiH30BaHH cranAapA xeMorjio6nHa oa xeiviojiioaTa

xy.viaHHX epHTpoiuiTa KOMe je yKJion>eHa crpoMa, a npejwa nponncy BoHAepMana

h cap. (Clin. Chem. 26 (1980) 305—308). ,0,a 6h cc HcnnTajia cTa6HJiH0CT pacrao-

peHor CTaHAapAa, JiHO(})H;iH3aT je pacTBapaH y AecrajiOBaHoj boah, (Jjhshjiooiiiko.m

pacrBopy h 50 mmol/1 Tris nyt})epy, pH 7,4, KOMe je aoa3to 5 mmol/1 EDTA.

OBaito peKOHCTHTyncaHH craHAapAH cy nyBaiiH Ha 4°. CTaoHJiiiocT peKOHCTHTyn-

caimx craHAapAa je npaheHa OApel)HBaibeM caApwaja yi<yiiHor, okch- h MeTxe
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MorjioGHHa H3 Aana y A3H. Hhbo ayTOOKCHAan.Hje OKCHxe.vior.ioGHHa y MerxeMO—

tjio6hh je peracrpoBaH npeKO npoivieHe Hjhxobc ancopimnje y o6jiacrH oa 40O

AO 700 run. CraHflapa peKOHCTHTyncaH y flecnmoBaHoj bosh #aBao je penpo—

ayUH6iuiHe pe3yjnaTe y TOKy 5 AaHa oa pacTBapaH>a. JXo6»)€h» cy KoecpHiinjeHTu

BapnjauHje (KV) 3a yKynHH Hb 0,9% a 3a OKCH-Hb 1%. HanoH 5. AaHa Harjio

ce ci«aH>HBajia KOHHeHTpaiyija OKCH-Hb, a pH ce npoMeHno oa 6,9 oa 5,3. Ca

CTaanapxtpM pacTBopeHHM y 154 mmol/1 HaTpHjyM-xjiopuny, y TOKy 15 Aatra

floSHjeHa je BHCOKa npeu.H3HOCT oflpet)nBaH>a (KV=0,8% 3a yKynHH Hb h 1,1 0/0

3a OKCH-Hb). Haj6ojba cra6HjiHOCT craHAapAa xeMomooHHa je nocrarHyTa pacrBa—

paH>eM jiH0(pHjiH3aTa y 50 mmol/1 Tris ny<pepy, pH 7,4, KOMe je flOflaTO 5 mmol/I

EDTA. Caflp>Kaj ptKOHCTHTyHcaHor craHAapAa Hnje ce Meitao y TOKy 30 /tana

(KV=0,9% 3a yKynHH Hb h 1,2% 3a OKCH-Hb).

VI-2. TPAHCnOPT JOHA KP03 MEMEPAHY Y nPHCYCTBY

EHOJIOIUKHX KOMnOHEHTH

C. CTaHKOBHb H C. BeJbKOBHh

Hnciuuuiyiu 3a upuAteny HynneapHe eneptuje y uojboiipuepedu, eetueptiHapciuny u

myMapcmey, 3eM.yn u npupodHO-MauieMaiuuuKu (p"aKyM~ueiu, Eeoepad

HcnnTaH je TpaHcnopT THncKHx oviema 4>H3hojiouikh 3Ha»iajHHX joHa h 6ho-

jioiiikhx MaTepnjajia Kpo3 nejryjio3Hy Meiw6paHy. Khhcthmkc h TepMOAHHaMHMKe

BejnroHHe TpaHcnopTa (AH(J)y3H0HH Koec^miHjeHT, cpjryKc, AH* h AS5*), Kao h

Mej«6paHCKH noTeramjaji noKa3yjy 3HaTHe MOAHcpHKannje y OflHocy Ha craHflapflHe

no^aTKe 3a HHcre joHe. YoqeHO cMait>eH>e TpaHcnopTa saBHCH aejJHMHMHO h oa

reoMeTpHjcKHX napaMeTapa KOMnneKca (mrp. Cs-BSA, Sr-anrHHaT) h nopa y

MejwSpaHH, a.iH h oa crpyKTypHe opHjeHTanHje h nojiapH3au,Hje aKTHBHHX rpyna

Ha Me.M6paHH (COOH-, OH").

VI-3. YTHIJAJ AflPEHEPrHMHHX CYnCTAHHH HA TPAHCnOPT

KAJIHJYMA Y EPHTPOHHTHMA TOUYBA

,11, . nepHMHH, C. TpHBHh H B. JIecKoi«au

TexHonouiKu <fia.KyAw.ciu, Horn Cad u TlpupodHO-MameMaiumKu (fiaKy.iuieui,

Horn Cad

EpHTpouHTH nTHna noceAyjy aApeHepnmHe penemope, na cy Ha Taj Ha^HH

noroAHH MOAeji 3a ncrpa>KHBaibe peiienTopa njia3MaTCKe MeM6paHe Y obom je

paAy HCTpaweH je yrauaj aApeHeprHmnoc cyncraHHH (a- h (J-aroHHCTH h aHTa-

roHHCTH) Ha TpaHcnopT KajinjyMa; TpaHcnopT KaiHjyjwa je iviepeH AHCKOHTHHyarao

nojviohy aTOMCKe ancopnunoHe cneicrpocpoTOMeTpHje, hjih KOHTHHyajiHO noAiohy

joH-cejiei<THBHe ejieKTpoAe. YnynHH TpaHcnopT Ka^njyjwa Kpo3 epHTpouHTapHy

MejwSpaHy peryjiHuiy (3-aApeHeprHMHH penerrropn. E(peKaT peneirropa Ha TpaHcnopT

KajiHjywa nocpeAyje cAMP, a BepoBaTHO h cAMP-3aBHCHa eHAoreHa cpoccj)opH-

.lamija MeiviSpaHCKHX npoTenHa.
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VI-4. TAMA-PAAHOJIH3A TPHnTOOAHA

C. B. JoBaHOBHfe H JB. JOCHMOBHh

Hncuiuuiyui 3a Ytyxneapue nayxe „Eopuc Kudpuu", Burma—Eeoepad

HcmiTHBaHa je raMa-paAH0JiH3a fleaepHpa»nx boachhx pacrBopa TpHirroibaHa.

PaaHjaqnoHO xeMHjcKH npmrocH pa3JiaraH>a cy MepeHH y pacrBopHiwa pa3jnMHTe

KOHueHTpaiBije. y fleaepHpaHHM pacrBopHMa npHHOc pa3naran>a pacre ca cata-

Bbeaesi KOHi;eHTpaimje TpnnTo<}>aHa. y npwcycTBy N20, na^a npaKnmHO cbh

xnjpanicaHH ejieicrpoHH npejia3e y OH paflHKane, npnuoc pa3JiaraH>a He 3aBHCn

oa KOHneHTpaimje TpHirrcxbaHa h BehH je oa npHHOca y fleaepHpaHHM pacrBopHMa.

,Ho6HjeHH peayjiTaTH yna3yjy aa ce TpHirroc^aH y BO^eHHiH pacTBopHMa yrjiaBHOM

paaname y peaKUHjH ca OH pa^HKajiHiwa. AHajiH30M 03paqeHHX pacrBopa je

VTBptjeHO aa cy CTa6HJiHH npoflyKTH HecTa6njraa jeflH«.eH>a h aa cy Bpjio Bepo-

earHO AHMepH TpHJiTCxpaHa. Ha ocHOBy floSnjeHnx pe3yjiTaTa npeflJio>KeH je Mexa-

HH3aM paAHOJiH3e TpHnTCKpaHa y AeaepHpaHHM boachhm pacrBopHMa TpHivnxbaHa.

VI-5. FREE-WILSON-OBA AHAJIH3A EHOJIOIIIKHX AKTHBHOCTH

UHKJIOXEKCHJIHHX H OEHHJIHHXBHCKBATEPHEPHHXJJEPHBATA

nHPHflHH-2 H nHPHAHH-4-AJIflOKCHMA

B. jjejban, D. Maysinger, M. MaKCHMOBHh, JB. PaflOBHh h 3. EHHeH<J>eji,n

IJpupodocAoeHo-MauieMauluuKu flaxyAtueui, 3aipe6, <t>apMaueyuXcKO-6uoxeM.ujcKU

$aKy/tuieiu, 3azpe6, u BojnoiuexHUHKU imcuiuuiyiu, Eeoipad

MaTeManiMKH Free-Wilson-OB MOflen ynoTpeSjbeH je 3a KBaHTHTaraBHO

o.apef)HBaH>e oflHOca KeMHjcKe crpyKType h 6nojiouiKe aKTHBHOCTH 28 6hciihph-

OHHHjCKHX OKCHMa. Pa*iyHCKH fl06HBCHe BpHjeAHOCTH 50% HHXH6HIDlje (I50)

aqeninxojiHHecTepa3e (AChE) JByacKHX epHTpouHTa h npommiheHe AChE ro-

neaa, 3auiTHTe (p.i.) npoiHiuheHe AChE roBana ofl HHXn6Hu;Hje coiwaHOM h

nocTOTaK peaKTHBauHje AChE JtyflCKHX epmpouHTa HHXHGHpaHHX napaoKCOHOM,

capHHOM h VX-om noKa3ajie cy flo6po cjiaraite c eKcnepHMeHTajrao aoShbchhm

noAauHMa.

vi-6. npnjior KOPum-REBby othahaka nojBonPHBPEjiHE

nPOH3BO,HIBE

>K. >KHBaHOB h M. KyKyuca

IIpupodHO-jnaiueMaiuuHKu flaxyAtueiu, Hoeu Cad u Iloxpajuncxu

xudpoMeuieopOAOiuKU 3aeod CAIJ Bojeodunae, CpeMcxa KaMenuua

HcnHTHBaHH cy oTnaipt 3aocTa™ nocjie ayTOMaTH30Baue 6ep6e i<yi<ypy3a,

niuciiHuc h cyHUOKpeia. y3opiuiiwa cy oflpebeHe <pH3Hm<e oco6nne h xejvuijcKH

cacraB. nocne nHpojnrae h KHcene XHflpojmae oflpebene cy KOjmmnie MBpcrux,

tcihhx h racoBHTHX npoH3BOAa, Kao h h>hxob xeMHjcKH cacran. HBpcra omaun,

i<ap6oHH30BaHa Maca, cy ynoTpe6jbeHH 3a nprnipejwy aKTHBHor yrjta.



VII. XEMHJCKO HHHCE&EPCTBO

VII-SP. HOBH CEnAPAHHOHH nPOHECH

M. JViHTpOBHh

TexHOA.ow.KO-M.eiua.AypuiKU tfiahy.uTieui, Eeoipad

KiiacHHiiH cenapaHHOHH npouecH, i<ao iiito cy peKTH4)HKaHHja, ancopmnija

h eKcrpaKimja, ycaBpmaBaHH cy Kpo3 pyvn hh3 roflHHa, teuko aa cy y nojeAHHHM

CJiynajeBravia aobcachh ao onraMyjwa. Mel)yTHM, Bucona ueHa eHeprnje, hhckc

KOBneHTpaijnje nojeflHHHX capoBHHa h cneHH<})HHHH H3axTeBH noje^HHHx tcxho-

jiornja *ame npHMeHy obhx cenapauHOHHx npoueca HeeKOHOMHHHOM hjih iaK h

HeMoryhHOM . 36or Tora ce Tpa>Ke hobh cenapaHHOHH npouecH, Kao ajrrepHaTHBn

nocTojehHAi npouecHMa hjih 3a ocrBapHBaifee cenapauHja Koje ce He iwory h3bccth

na KJiacnnaH HanHH. Hobh cenapaHHOHH npouecH cy cHCTejviaTH30BaHH Ha npouece

nofl eKcrpeMHHM ycjioBHMa, npoqece ca KOM6HHOBaH>eM BHuie cenapauHOHHx npHH-

inuia, nponece ca aejcTBOM pa3JiHHHTHX <ph3hhkhx nojta, npouece noA HecrauHo-

HapHHM ycjioBHMa h npouece ca HHTepaKHHjoM KOMnoHeHaTa cenapauHOHor CHcreiHa

ca noiwohHHM MaTepiijajiHMa. JXar je nperjieA Hajna>KHHjHx oa obhx npoqeca ca

h>hxobhm ochobhhm KapaKTepHCTHKaiwa, npHAieHaMa h npm<a30M jia6opaTopHja<e

hjih HHAycrpHjcKe onpeMe. IIoceoHO cy AHCKyroBaiiH xitnepKpHTHHHa eKcrpaK-

unja, napaMeTapcKO nyivuiaH>e h MeiwSpaHCKH cenapaunoHH npouecH. IloKa3aHO je

ga ce XHnepKpHTH»fflOAi eKcrpaKinijoM ckohomhmho Mory H3BecrH h TexHOJiornje

i<oje ce Aocafla HHcy H3BO/jHJie 36or ckohomckhx pa3Jiora, Kao uito je TexHOJioraja

npeBo^efta yrjta y TeiHa ropHBa. Koa napaineTapcKor nyMiiaiba je noKa3aHO aa

ce AoGnjajy H3BaHpeAHO bhcokh creneHH cenapaunje h KOimeHTpHcaifca nojeAHHHX

KOMnoHeHaTa. Koa iweM6paHCKHX cenapaHHOHHX npoueca je noKa3aHO ga ce ohh

Mory KopHCTHTH Kao ajuepHaTHBa totobo cbhm ApyrHM npouecHMa, Aa cy y no

jeAHHHM cjiynajeBHMa H»HxoBe npHMeHe onpaBgaHe h ca rjieAHuiTa HHBecTHHHja

h noTpoujH.e eHCprnje h jvx cy orpaHHHeita npiuvieHe Be3aHa 3a pa3Boj hobhx

MejwSpana h onpewe. 3aKJi>yMeH0 je ga ce y 6yAyhHOCTH Aio>Ke oneKHBaTH acih-

MHKHa 3aMeHa KJiacH^HHx cenapauHOHHx npoueca hobhm nponecnjvia.

VIM. YKJIAHjAlbE HHTPOTOJIYEHA H3 OTnAJXHHX BOjIA

C. IlpHGHfaeBHb, J. OAaBHh-Jocnh h C. riyTHHK

TernoAouiKu <fiai<yAuleui , Hoeu Cad

OrnaAHe BOAe HHTpoBaH>a Tojiyena caApwe BejiHKe kojihhhhc HHTpoapoiwaTa.

Ha 6a3H onuiTHx HCKycraBa h eKcnepHMeHaTa KOHunnnpaHa je TexHOJioraja abo-
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cieneHor ^muiheiba. y npBoj (pa3H ce BpuiH peKynepaunja HHTpoapoiwaTa KpncTajiH-

3amijo>i y (pJiVHAH3HpaH0Jvi cnojy KpHcrana. y Apyroj (J)a3H ce HHTpoapoMara yiuia-

aajy aacopnuHjoM Ha aKTHBHOM yrjty kojh UHpnyjiHiue H3jwef)y aacopGepa h nehH

3a Tep.MH»n<y peaKUHBauHjy yr-Jia y (pjryHAH3HpaHOM cjiojy. TexHOJioraja je pa3-

paheHa y capaA&H ca JiyPrH.

VII-2. HHHTREIfeE OTIIAUHHX BO^A nPOH3BOJ!H>E

TOJiyEHJlHH30UHJAHATA

C. IIpHGHkeBHh, C. IlyTHHK, J. OAaBuh-JocHh, E. EahaHOB h

P. IIIehepoB-CoKOJiOBHh

TexHOAOiuKU <f>a,KyAiueiu, Hoeu Cad

H3 npoueca npoH3BOflH>e T0jiyeHAHH30UHjaHaTa (TDI) H3flBojn ce AeceraK

crpyja Koje n3HOce OTna^He MaTepnje, Hajpa3jnraHTHjHx cacraBa, a yrjiaBHOM:

miTpoapOMaTH, apoiwaTCKH aMHHH, apojviaTCKH xjiophah, NaOH, Na2SC>4, NaNOa

(NOz, HNO3, HSO4 hta). Pa3BHjeH je KOMiuieraH nocrynaK 3a TpenviaH OTnaAHHX

crpyja, npH MeMy ce oniaflHe BOAe npeMHmhaBajy j\o KBanHTeTa „noroAHa 3a

6hojioiiikh TpeTMaH", a mi3 npc-AyKaTa ce npoH3BOAH Kao: NazSCij DNT,NaOH

hta. AHajiH30M TpomKOBa, yrepljeHO je fla je nocrpojeH>e ckohomckh penraSHJiHO.

VII-3. nPEMHIU'EABAIEE HHJXyCTPHJCKHX TACOBA OJi; AKPOJIEHHA

3. JoBaHOBHh, T. JoBaHOBHh h T. ByitaK-HoBaKOBHh

TexHOAOutKo-MeiuaAypMKu (fiaKyAiueiu, Eeoipad

JXaT je HHHteiiepcKH acneKT npoSjieiwa npenHmhaBaH>a HHflycTpHjcKHX racoBa

ca noceCHHM ocbptom Ha ycjiOBe reHepncaaba aKpojieima y HcnycHHM HHflycTpHjcKHM

racoBHMa. Pa3M0TpeHe cy xeMHjcKa h TexHOJiouiKa KOHueimHja npoueca npeMHiu-

haBa&a racoBa oa aKpojieHHa ca KpHTepHjyMHAia Kojn cy Hac onpeAejimiH 3a

KOHKpeTHa peuie&a. Pa3MaTpaH je h H36op rana CKpy6epa, ueHTpajme jeAHHmje

uejior CHcreMa, h a^t npnjia3 3a OApel)HBaH>e H>eroBor onTHMajiHor paAHor pe>KHMa

o63HpoM Aa y JurrepaTypH Heivia paBHOTe>KHHX h kkhcthmkhx noAaiaKa 3a chctcm

KOjH CMO npHAieHHJIH.

VII-4. HHIITREHdE OTnAflHHX BO^A OJI BEJIHKHX KOJIHMHHA

HHTPATA

C. TIpHSHheBHh, E. BahaHOB, 3. YHrep, P. illehepoB-CoKOJioBHh h

C. IlyTHHK

TexHOAOiuKU (fiaxyAuieui, Hoeu Cad u Hncuiuuiyui Codaco, Ty3Aa

ripn ancopramjH hhtpcghhx racoBa pa3Hor nopewia (a30Tape, HHTpoBaite

iuiTpojeAHH>eH>a) Aoonja ce pacrBop Kojn caApwn BejiHKe kojih^hhc NaN02 y3
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NaNOs h Na2S04. yK.iaH.aibe N02~ 6hojiouikh je CKyno. Pa3BHjeHa je xe.MHjcKa

Merofla, Koja ce 6a3Hpa Ha peaKHHjH:

NaN02+R+An- =NaAn+N2(gas)

IlpH TOMe R MO>ne 6hth: aiwoHiijaK, ypea hta. Pa3BHjeH je nocryiiaK Ha Gaan

peaKinije :

2NaN02+(NH4)2 S04=NaS04+2N2+H20

H3 pacTBopa Na2S04, NaNOs je Na2S04 . 10H2O H3/jBojeH xnal)eH>eM, a 3aTHJw

HcnapaBaaeM AoSnjeH Na2S04.

VII-5. PACnOJIEJIA HOPMAJIHHX AJIKAHA Y BOJUi, CYCnEHJlOBA-

HOM MATEPHJAJiy H Y MYJLY PEKE CABE

J. HyiKOBHb h O. A. ri(t>eHT

IIpupodho-MauieMaiuuHKU (fiaxynuiew, Eeoepad u Hnciuuuiyui sa xeMujy, iuexHOAoeujy

u Meiuanypaujy , Eeoepad

Y OKBHpy je^He uinpe cryflHje o npnpoAH opraHCKe cyncraHue y boah,

cycnenflOBaHOM MaTepnjajiy h Myjby pene CaBe npoy^aBaHa je h pacnoa&na Hop-

jwajiHHX ajnraHa y obom CHcreMy. Y3opuH cy y3era hh3boaho oa Afle Mel)nue,

y HenocpeflHoj 6jih3hhh PeHH-6yHapa. Ilocjie o6paAe H3cuioBaHa je ynibOBOAOHmnia

(|)paKUHja Koja caap>KH HopMajiHe ajnoHe. HIJ-cneKTpocKOiiHjoM h racHOM xpo-

MaTorpatpujoM HAeHTH({)HKOBaim cy cjieaehu xoMOJiorn hh30bh «-ajn<aHa: Cie—C34

(BOfla), C17—C36 (cycneHAOBaHH MaTepHjan) h Cie—C35 (pemm iwyjb). Hhckc

BpeAHOCTH CPI (1,00—1,25), nopeA ocrajinx HHAHKauHja noKa3yjy Aa y OBoj

3ohh Beh nocrojH aHTponoreHH yrimaj. PacnoAejia obhx yrvbOBOAOHHKa y kom-

noHeHTaMa CHcreMa (BOAa, cycneHAOBaHH iwaTepnjaji, My.%) yKa3yje Ha nocrojaifce

HHTepaKHHje y CHcreiwy. rio3HaBaH,e cn-aita 3aral)eH0CTH y 30hh H3BopHuiTa je

BaH<HO, HMajyhii y BHAy MHrpauHjy h Morytmocni TpaHCoeppMauHje yrjbOBOAOHHKa

y Apyra jeAHH,eH>a.

VII-6. KOPHiITREHjE JIO>KHIHTA CA OJ1YHJIH30BAHHM CJIOJEM 3A

TEPMH^KO PA3JIArAIbE TEMHHX OTnAJlHHX MATEPHJA

B. riaBacoBHh, M. C. Cre^aHOBHh, P. CTe4)aHOBHh h fl. JJaKHh

Hncuiuuiyui 3a nyKAeapne nayne „Eopuc Kudpun", Bunua-Eeoepad

npoy^aBafta Koja cy n3Bpiueiia ca HaMepo.w Aa ce Honm MoryhHOCT npHjvieHe

jiOHouirra ca c{)JiyHAH30BaHHM cjiojeiw 3a TepivuraKy pa3rpaAH>y OTnaAHHx Temnoc

MaTepnja ynasajia cy Aa ce OBa peiiie&a Mory ycneumo npiiMeHHTH 3a yKJiaitaifce

pa3H0BpcHnx OTnaAHHx xemuix MaTepHja. Iloce6HO cy pa3iwaTpaHH ycjiOBH caro-

pesaiba OTnaAHHx c>jic})hthhx BOAa i<oje ce AoSnjajy y npoH3BOAH>H tphhhtpoto-

jiyojia h xapTHje. Y paAy je h3jio>kch noerynaK npojeKTOBa&a HHcrajiauHja Behnx

jiaSopaTopujcKiix pa3,wepa. YcBajaH>e HanHHa 3a yBol)eH,e tc»ihhx OTiraAaKa y

(J)jiyHAH30BaH0 jio>KHuiTe i<ao h HOBor nocrynKa 3a npeArpeBaH>e ooja HHepTiior

AtarepHjana, ahpckthhm caropeBaibeM tcmhhx ropHBa y (J>jiyHAH30BaHOM aiojy,

H3BpuieHO je HaKOH ei<cnepHMeHTajiHHX HcnHTHBaaa.
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VII-7. EOHKACHOCT CArOPEBAH>A EHOMACE y

ojiyn,n;H30BAH0M cjiojy

C. Ona, B. Apcnh, fl. JJaiaih, JB. JoBaHOBnh h M. ypomeBHh

MHcuiuuiyiu 3a nyK/ieapne nayne „Eopuc Kudpuv", Buma—Eeoepad u

„Uep", VanaK

Caropenaifee y (J)jiyHflH30BaHOM cjiojy HMa HH3 npeAHOcra naa Kjiacuraniivi

HaqHHtLMa caropeBaiba, jep ojworyhyje ynoTpe6y ao cafla anaoo KopHHiheHHX h

paanHmmcc Bpcra ropnea y hctom Jio>KHiiny. V pswy cy a^th pe3yjiTaTH hchh-

THBarba ecpHKacHOCTH caropeBaiba SpHKeTa ao6HjeHHX npecoBaaeM nuieHHTOe

Qiasie h oKJiacaKa Kyxypy3a y (JwiyHiureoBaHOM cjiojy, Ha jia6opaTopHjcKoj ana-

paTypH .

VII-8. CyiUEBbE nECKA y OJiyHJlH30BAHOM CJIOjy

B. IlaBacoBHh, M. C. GretpaHOBHh h Jl. JJaicHh

HHriuitutyiu 3a HyKAeapm nayne „Eoptic Kudpuu", Buma—Eeoepad

IIpHKaaaHH cy pe3yjrraTH eKcnepntteinammx HcnHTHBaaa cyuieH>a necna Ha

HHCTajiauHjH Behnx Jia6opaTopHjcKHX pa3Mepa. Cyuieibe necna pa3JiHiHTor rpa-

HyjioMerpHjcKor cacraBa y cpjrynAH30BaHOiw cjiojy BpuieHO je ca CMeiuoM Ba3Ayxa

h npoayKaTa caropeBaita yrjta. CaropeBanbe yma o6aBJbeHO je y Jio>KHuiTy ca

<}).TyHMH30BaHHM cjiojeM, Koje je ca cyuiapoM cnperHyro y jeflHHHuy oa rbz cer-

MeHTa. AHajiH3a ec})HKacHOCTH npoueca cyuieH»a n caropeBaH>a yrjBa H3BpuieHa je

Ha ocHOBy pemaBaH>a eHeprercKHx h MaTepnjajiHHx 6nuiaHCHHx jeflHa^HHa.

VII-9. AlArHETHO CTAEHJIHCAHH OJiyHJlH30BAHH CJIOJEBH

II. JOBaHHh H T. JOBaHOBHh

TexHOAOuiKu uuciuuiuyui, Eeoepad u TexHonouiKO-MemanypuiKU

ifiaKyAiueiu, Eeoepad

MarHeTHO-cra6njiHcaHH (pjryiwH30BaHH cjiojeBH npeAcraBJiajy hob Ha^HH

KOHTaKTa rac-HBpcTo, Kojn HyAH iHHpoi<e MoryhHOCTH 3a no6ojbmaH>e npoueca

cenapauHje, (jMurrpanHje h peaKnHOHHx npoueca. Hob nawH KonraKTa ce 6a3Hpa

Ha npHjweHH MarHerHor nojta 3a craSmiHcaHbe aioja y KOAie cy noniyHO cjihmhhh-

caHH MexypoBH h OMoryheH ujhph oncer nocrojaH>a napniKyjiapHe cj)jryHAH3auHje.

CTa6miH30BaHH 4>-ryHAH30BanH cjroj KOMSHHyje Ao6pe ocoSnue „o6HqHor" (pjiyiiAH-

30BaHor cnoja h KOHTai<Topa ca HenoKpeTiniM cjiojeM, npn qeiwy ce H36eraBajy

tokh 6hthh HeAocrauH o6a CHtrreMa. y peaAy cy onncaHe h Moryhe cneuHcpHurie

npHMeHe OBaKBHX KOHTaicropa h a^t je KpaTan MaTeiwaTHUKH npHKa3 etpHKacHocra

MarHenio cTaSoiHcaHHx 4)jt/hah30barotx cjiojeBa.
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VII-10. EKCTPAKUHJA BAKPA CA

KELEX 100 y CHCTEMY TEHHOCT-TEHHOCT

<I>. IlonocKa, JL TohhH, B. ATaHacoBa h A. TpH3o

TexHOAOuiKu (fiaxysiuieui, Cxoiije

HcrorraH je nponec eKcrpaiamje 6anpa H3 khcgjiiix cyjwpaTHHx pacTuopa ca

eKcrpareHcoM KELEX 100 y3 pacrBapan SOIVESSO 150 y 33bhchocth oa pH

h nonerae KOHneHTpannje 6aKpa y BOAtttoj (pa3H, KOHneHTpaiiHje eKcrpareHca,

TeMnepaType h Hamma Memaiba cpa3a. rioKa3yje ce fla khccjioct cpeflHHe y no-

ApyMjy pH=2,0—4,0 Hejvia yTHuaja Ha Kpajibe paBHOTOKHO crafte, ajm Aa una

yTnnaja na tok h 6p3HHy ycnocraBJbaifca paBHOTOKe. Ha cmraaH HawH ce MaHH—

cpecryje h ymnaj TeMnepaType y HCiiHTHBaHOM noApyijy oa 20—50 J . KojumnHa

eKcrpaxHpaHor 6aKpa y opraHCKoj (pa3H ce CMaityje ca CMaH>eH>eM no^erae koh-

neirrpaimje OBor y boachom pacrBopy, hjih ca noBehaibeM KOHneHTpannje eKcrpa-

reHca. Yranaj hisfbsba Meniaita cpa3a Ha npeHOc iwace h yonnrre KHHeTHKy npoueca

HcnHTHBaHor CHcreMa noKa3yje ce 3HanajHHM. H3pa*ryHaTe BpeAHocra KoecpHnn-

jeHTa pacnoflejie (Kj>) h KOHcraHre 6p3HHe xeMHjcKe peaKUHje ojvioryhyjy yTup-

r)HBaH>e xei«H3Ma h iwexaHH3Ma npoueca eKcrpaKUHje.

VII-11. EKCTPAKUHJA EOPHE KHCEJIHHE

2-ETHJIXEKCAHOJIOM Y CHCTEMY TEMHOCT — TEMHOCT

A. rpH30, H. CTaMaTOBa h X. CTaM6o.iHeB

TexHOAOuiKu <f>axyAuieui, CKOuje u XeMujcKii (fiaxyAuieiu, Cxoiljc

HcnHTOHa je eKcrpaKinija 6opHe KHceiiHHe 2-eTHjrxeKcaHOJioM u y 33bhchocth

oa KOHneHTpaiiHje 6opHe khcciuhc y pacrBopy h khccjiocth cpeAHHe. KoHcra-

rapaHO je «a KoecpHnnjeHT pacnoaena (Kd) pacre ca nopacroM khcctocth 3a

KOHneHTpannje cyMnopHe KncejiHHe 0,5 ao 5 ,0 mol /dm3, aok 3a BpeflHOCTH pH 1 ,0

AO 6,0 noKa3yje KOHcraHTHy BpeAHocr. PaBHOTe>Ka y acnHTHBaHOM ABO(pa3HOM

CHcreMy ycnocraBJba ce y BpeMeny oa 5—10 min., 3aBHCHO oa KOHneHrpanHje

6opHe KHcejiHHe h Kncenocm BOAeHor pacTBopa. Ep3HHa eKCTpaKqnje je hoth-

TaHa y saBHCHOcra oa HHTeH3HTeTa Meniaita, TeMnepaType h KOHneHTpannje 6opne

KHcejmHe. Ca nopacroM 6poja o6pTaja MeinajiHne oa 100—450 min-1 6p3nna

eKCTpaKnnje pacre, aok je iwajio 3aBHCHa oa TeMnepaType y ncnnTHBaHOM Hirrep-

Bajry oa 20—50°. TaKBa 3aBHCHocr yKa3yje Ha AH(py3HOHH KapaKTep npoueca.

PeA peawrnje je yTBp^eH Ha ocHOBy Harn6a npaBnx 33bhchocth log dc/dr=f(log C)

3a KOHueHTpaiinje 6opHe KHcejiHHe: 0,05, 0,10, 0,15 h 0,20 mol/dm3, npn koh-

craHTHOM BHiimy 2-eTHJixeKcaHojia. Ha ocHOBy TaKO AoSnjeHor peaa peaKimje,

oApel;ena je n KoncTanTa 6p3ime eKcrpaKHHje.
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VII-12. BHEPAUHOHO MEUIAH.E y JJ,BOcI>A3HHM CHCTEMHMA

M. MmpoBnh h JJ,. Cnajia

TexHOAOiuKO-MeiuaAypiuKu (f/axyAuieiu, Eeoepad

PaaniaTpaHe cy KapaKrepHcrHKe BH6pauHOHor Meuia&a y cHcreMHMa MBpcro-

-TeqHO h TeMHO-racoBHTO, y cyAOBHMa h KonoHaivia. EKcnepHMemajiHO cy hciih-

THBaHH npeHOc Mace h toiuiotc H3Mel)y TaHKor paBHor anora kojh ocipuiyje Hop-

naiHO Ha CBojy paBaH h (Jwr/Haa y HHJiHHapHtraoM cyay , h aHcnep3nje h KpeTaita

remie h racoBHTe (pa3e y Karr-OBoj kojiohh ca H36yuieHHM ocuHJiaTopintM ahcko-

BiLwa. MeftaHH cy aMHJiHTyaa h (ppeKBeHUHja ocumiauHja, npemiHK ancKOBa y

cyay h pacrojaibe ancKOBa y Karr-OBoj kojiohh. Pe3yjiTaTH cy KopejmcaHH Ha

ocHOBy KpHTepHjyMa cjihmhocth noi<a3aHO je aa BHSpacunoHO Memaite wvia npea-

hocth y OflHocy Ha MexamwKO MeuiaH>e.

VII-13. MATEMATH1KH MOJJ,EJI 3A nPOPAHyH 3AJj;p;>KABAHbA TACA

y KOJIOHH CA BHEPAHHOHOM MElUAJIHHOM

JX- Cnana, O. IlaHnfa, J. MhKhK

TexHOAOiuKo-MemanypuiKU ^aKy/iiuetu, Eeoepad

H3BeaeH je jeaHocraBaH MaTeMaraMKH Moaen KojHM ce aoBoan y Be3y cpyHK-

UHOH&rma 3aBHCHOcr H3MeI)y 3aap>KaBaH>a raca h BejnwHHe racHor Mexypa oa-

hocho aeroBe TepMHHajiHe 6p3HHe y kojiohh ca BH6pauHOHOM MemajiimpM. Moaeji

je H3pa>KeH jeaHaqHHOM Koja noBe3yje 3aap>KaBaH>e raca h noBpiuniicKe 6p3HHe

raca h tcmhocth. EKcnepHMeHTajiHHM nyTeM, npniweHOM Tpn pa3JiHHHTe Meroae,

oape!)HBaHO je 3aapn<aBaH>e raca paan noTBpae nocTaBJbeHor Moaejia. npn TOMe

je HcnHTHBaH yTHuaj npoTOKa raca h TeqHOCTH, HHTeH3HTera BH6painije h pacro-

jaH>a npecj)opHpanHX iuioHHua BH6paHH0He Meuiajnme.

VII-14. H3yqABAEbE nPEHOCA MACE BOUE nPH OCMOTCKOJ

.HEXHAPATAHHJH BOTiA y BHBPAHHOHOJ KOJIOHH

B. naBacoBHh, P. CTesaHOBiib h M. Mhjmk

MamuHCKu <p~aKymueiu, Eeoepad u Hnciuuuiyui 3a uyKAeapue nayne „Eopuc Kudpuu",

Eeoepad—Bunna

Tlpouec ocMOTCKe aexHapaTannje ja6yKa je H3Bol)eH y ciieuHjajmo koh-

crpyHcaHoj BH6paqnoHoj kojiohh Kpo3 Kojy cy cynpoTHO-crpyjHO nporauajiH koh-

ueHTpoBaHH uiehepHH cnpyn h KOMaanhH ja6yKa. HaljeHo je aa KHHeTHKa ocMOTa<e

jxexnapaTauHje He 3aBHCH oa npoTOKa uiehepHor cnpyna h cppeKBeHimje ocuhjio-

nait>a iuiomma y HcnHTHBaHHM rpammaMa. H3 33bhchocth npoMeHe Bjia>KHOCTH,

upoMeHe 3anpeMHHe h noBpuiHHe KOMaanha ja6yKa ca BpeMeHOM H3pa*ryHaBan

je yKynHH Koe^HnnjeHT npenoca Mace 3a Boay. HaljeHo je aa ce hcth csiaayje

ca speMeHOM h aa 3aBHCH oa yyecrajiocrH ocuHJioBaifea (f<l Hz).
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VII-15. rACHOHKAUHJA yrJBA y PACTOnJbEHHM COJIHMA

M. UlyuiHh, C. Meirryc, H. nerpaHOBHh h >K. EoraaHOB

npupodno-MauieMauiuHKu tfaxy/iuieui, Eeoipad

HcimTHBaH je Ha jiaSopa-ropnjcKOM HHBoy npou.ec racn(pHKauHje yiMba y

pacToiubeHHM ajiKaOTHM Kap6oHaTHjwa. KoHcrpyncaH je ypel)aj on xeMnjcKn h

TepMHMKH OTnopHHx MaTepHjajia y KojH je iworyhe KOHTHHynpaHO fl03npaTn pean-

TaHTe: yrajb, khccohhk h BoaeHy napy, y peaianioHy nocyay ca pacronibeHH.M

HaTpajyiviKapSoHaTOM Ha 1000°. TacoBHTH peaKunoHH npouyKTH cy aHajiH3HpanH

Ha racHOM xpOMaTorpa(py. IloKa3aHO je peaKunoHH npo;ryKTH caapwe npeTOKuo

H2 h CO, h iwajio CH4, CO2 h HepearoBaHor O2. IIpHcycTBO cyMnopa He iipea-

araBJba TeuiKohy jep ce oh TpaHccpopiwHuie y HencnapjBHBH ajiKajiHH cyncpna.

VII-16. PEKYnEPAUHJA TOnJIOTE KOJJ, XJIA'BEIEA y BAKyyMV'

C. npnSnheBnh, M. CyjBKaHOBnfe h 3. yHrep

TexH0AoiuKUcf)aKyjiuieui,Ho8uCad, TexHOAOiuKutfiaKyAiueiu, Ty3.ia

u Huciuuiuyiu Codaco, Ty3na

Kofl xjia^eH>a y BaKyyMy ce Tpome BejiHKe kojih^hhc nape y napHHM ejei<-

TopnMa. KoHfleH3anHjoM napa, .noSnja ce Tonna BO.ua HncKe TeivinepaType, Koja

je npaKTHMHO HeynoTpeojbHBa. Pa3BnjeHa je cramma 3a xjialjeite ca penynepa-

unjoin ToroiOTe, npniweHOM Tonjiome nyMne. yKyrao yTpouieHa eHeprnja ce ciwa-

H>yje 3a cca 50% a yTpouieHa eHeprnja ce nojaBJByje y oojinny Tonjie BO^e i<oja

MOH<e fla nivia npHMeHy. Peineae noTnue H3 npojeKTa, Koje TexHOJioumn (paKy.iTCT

pann ca (pnpiwoM LURGI.

VH-17 nPOH3BOJIIfcA

Na2S04 y3 nPHMEHy TEPMOKOMIIPECHJE

C. npH6nbeBHB, 3. yHrep, M. CyjbKaHOBHh n JI. "BaKOHOBHh

TexHOAOMKU 0aKyAtueiu_ Hoeu Cad, Hncuiuiuyul Codaco, Ty3Aa, Tcxhoaokiku

(fiaKyAuieui, Ty3Aa u CoAana „Eajo CenyAuh" , YAVfutb

KpncTajiH3auHja Na2SC>4 H3 Mnpa6njiHTa je onrepeheHa bcjihkom noTpoui-

h>om eHeprnje noTpe6He 3a TonjBen>e Mnpa6njinTa. 3aTo je flocra tcujko opraHn-

30BaTH npnKJiaflHy eHepreTcny uieMy. OGn'uio ce ncnapaBan>e BpuiH y 1—3 cre-

neHoj craHHun y3 H3y3HMaH>e nape H3 nocjie,nH»er ncnapnBaqa 3a Tonjteifee Mnpa-

SnjuiTa. \' obom pafly je yKa3aHo Ha nyr 3a npon3Bgfln>y Na2S04 y3 upHiweny

TepiwoKOMnpecnje npn nejviy ce eHepreTCKn tpouikobh cMan>yjy 3a 50%.
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VII-18. HCKOPHIITREH>E BOJOHHKA y nPOH3BO^H>H AMOHHJAKA

T. XepaKOBHk, B. ApatjaH h M. CTe(paHOBHh

XeMujcxa undycuLpuja „HaHHeeo" , flawieeo

Pa3MaTpaH je paa noroHa AMorajaKa KanainiTeTa 635 t/aaH Kao uejiHHe

h ynmaj etpHKacHOcra pa^a noje/mHHX aejiOBa npoueca Ha ynynHy ecpHKacHOcr,

npeKo MaTepHjajmor SiuiaHca h creneHa HCKopHuiheita BOflOHHio.

VII-19. TEAinEPATyPCKE KAPAKTEPHCTHKE HHflVCTPHJCKHX

AJ1HJAEATCKHX KATAJIHTHMKHX PEAKTOPA

M. CTecpaHOBHh

XeMujcKa undycuipuja „IIaHHe8o" , Ilawieeo

Pa3MaTpaHe cy TeivuiepaType KaTajiHTHHKHX peaKTopa y npoH3BOflH>H aaiOHH-

jaKa 3a KaTajmnmKa nyaeiia hh]h ce Ben Tpajaita KpeTao ofl jeAHe p,o ocajw ro^HHa.

IlpaheHH cy TeMnepaTypcKH npHtpmm TpocrreneHHX peaKTopa 3a BHCoKOTeMnepa-

xypHy KOHBep3njy yrvbeH-MOHOKCHAa; jeflHOcreneHH napajiejiHH 3a BHCOKOTejvunepa-

TypHy K0HBep3Hjy yrjteH-MOHOKCHaa, HHCKOTeivuiepaTypHy K0HBep3Hjy yrjbeH-iwo-

HOKcnaa h MCTaHamijy; TpocreneHH h hcbhh peaKtop 3a CHHTe3y aMOKHjana.

VII-20. HCnHTHBAIbE KHHETHKE nPOLJECA XHJlPOrEHOBAHjA

AJIKHJIAPOMATCKHX VJbA

JJ. Cicana, J. JoBaHOBHh

TexnoAoiuKO-MeiuaAypuiKii ^aKynmem, Eeoepad

y Jia6opaTopHjcKOM ayroKiiaBy HOiHTHBaHa je KHHeraKa npoueca xn/jpo-

reHOBa&a ajiKHJiapoMaTCKHx yjta pa3jiHwror THiia cacraBa. ^o6HjeHH pe3yjiTaTH

HCKopHiuheiiH cy 3a npopa^yn 6p3HHe h BpejvieHa TpajaH>a peaKUHje y orjieAHOM

nocrpojeH>y Behnx pa3Mepa. OMeKHBaHa seha 6p3HHa nponeca xHAporeHOBaita y

omeflHOM nocrrpojeiby norBpl)eHa je jeflHHO y cjiy^ajy Ka«a npenoc Mace racoBHTor

peaKTaHTa H«a flOMHHanraH yinnaj Te npeTCTaBjba crynaifc Kojn o,npel)yje 6p3Hny

npcmeca. VTpouiaK CHare no jeflHHHUH 3anpejviHHe TeiHe cpa3e ynoTpeSjbeH je

y unity nopel)eH>a oco6Hiia pa3JiHMHTHX ranoBa peaKTopa (jiaoopaTopHjcKii - ayro-

KJiaB h peaKrop ca i<py>KHHM tokom (pjiynfla - orjie^HO nocrpojeifee) 3HaTH0 Beha

6p3Hua npoueca y or:ieAHOivi nocTpojeay nooie,nnua je Behe Md)y(pa3He noBpiuiiHC

rac-TCHHOCT Koja ce nocniwe ca cpa3Mepno MaH>HM yrpouiKOM CHare. y cviyqajy

Kafla je xeMHjcKa peaKUHja Ha noBpuiHHH KaTajmsaTopa crynaH> Koju Oflpeljyje

6p3HHy npoueca, BpeMe Tpajaita npoueca fla 6h ce nocrarao o/ipebeH creiieH

pcaroBaHba je hcto 5e3 o63npa Ha THn pearnopa
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VII-21. HCHHTHBAIBE KHHETHKE OKCH,HAUHJE

HATPHjyMCY.lOHTA IIOR HEH30TEPMHHM YCJIOBHMA

Jl. Cnaiia, M. 3,zryjHh, M. CoKHh, h J. Mnhnh

TexHOAOuiKO-MeuiajiypMKU (fiaKy.iiueui, Eeoepad

PeaKnnja OKCHflaunje cyjicpHTa qecro ce kophcth npn ojjpeljHBaH>y Meljy-

<pa3He noBpuiHHe rac-TeqHocr y jia6opaTopHjci<HM h HHOycrpHjcKHM yaiOBHMa.

Cbh HcrpawHBa'm kojh cy npHMeH>HBa^H OBy MCToay o/jpet)HBaH>a Mer)y<pa3ne

noBpuiHHe npeTnocTaBJbajiH cy j\a tokom xeMnjo<e peaKunje He flOJia3H ao npo-

MeHe TeAinepaiypc h pH pacreopa. V unity nocrH3aiba H30TepMHHX ycraoBa Behiina

ayropa je ynoTpeGjbaBajia pa3jiHHHre ranoBe pa3MeibHBaqa (3MHjacre ueBH, miauix)

npH ye.wy cy tokom peaKunje aoaaBaibeM o,npel)eHe kojihhhhc 6a3e oapHOBajiH

npH6jiH>KH0 KOHCTaHTaH pH pacrBopa. y obom pa^y aHajiH3HpaHa je KHHeTHio

0Be peararnje, KaTjiH30BaHe Co2+ joHHMa y peaicropy ca flBocrpyKOM MemajiHuoM

no3HaTe BejiHMHHe Mel)y(pa3He noBpuiHHe, ca HAejoM ;ja ce ncnHTa MoryhnocT

iipHiweHe TepMHm<e MeToae 3a

— oapeljHBaibe KHHeTHKe peaKunje rac-TenHOcr

— OApe^HBaHse Mel)y(pa3He noBpuiHHe y KOjiOHaMa BehHx pa3iwepa MepenseM

TeMnepaType h pH pacrBopa tokom peaKunje

Pe3yjiTaTH obhx HCTpa>KHBaH>a cy nocjiyjKHjm 3a nopel)eH>e BpeflHOCTH 6p3HHe

ancoprmujc KHceoHHKa (npeiwa AOcrrrynHHM noflannMa H3 jiHTepaType) h ei<cnepH-

MeHTajiHO o,npel)eHe. HcTOBpeiweHo, TepMHwa iweToaa npywa MoryhHocT oape-

l)HBaH>a upane BpeAHocTH Mel)ycpa3He noBpuiHHe ay>K kojiohc hjih a6cop6epa.

VII-22. nOPE-BEibE PABHOTE)KHHX CTynifcEBA H nPEHOCHHX

je;ihhhua y jiecthjiauhohoj kojiohh ca nyH>EH>EM

J . CaBKOBHh-CreBaHOBHh

TexnojioiuKO-MeiuaAypiuKu <f>ai<yAiueui, Eeoepad

IIopefyeHa cy aaa npHirryna y oapet)HBaH>y ecpHKacHOCTH npeHOca Mace y

;iecTHjiauHOHHM KOjioHaMa ca nyH>eH>eM npeKO HETP (bhchhc eKBHBajieHTHe Teo-

pHjcKOM nony hjih cryinty) h HTU (bhchhc npeHOCHe je/uoome). Hcrpa>KHBaifea

cy BpuieHa ca HfleajniHM h He-HfleajiHHM CHcreMHMa y jeflHoj pilot-plant h flBe

jiaSopaTopHjcKe kojiohc ca nyn>eH>eM. HcnHTHBaHe cy KopejiauHje H3Mel)y 6poja

paBHOTOKHHx crynH>eBa h 6poja npeHOCHHX jeflHHHHa 3a pa3jnwHTe KapaicrepHC-

THKe CHcreMa. nopet)eHH cy pawyHCKH peayjrraTH ca eKcnepHMeHTariHO ao6HBeHHM.

VII-23. yTHDAJ BErETAUHJE HA HPEHOC MACE HO EJIEMEHTHMA

V'PBAHE CPEJIHHE TJIA H MEOHOr 3HJI,A TPATiEBMHE. CTy^HJA

HA MOJXEJIHMA nOMOB' AJlCOPnHHOHE METOJ3.E

O. M. CTojaHOBHB. h C. KoHqap-'BypljeBHh

TexHOAOMKO-MeuiaAypiuKii <p~aKyAuieui, Eeoepad

C.ry>KehH ce a^copiiUHOHOM mcto^om, npoyyaBaH je npeHOC Mace no 4m-

3h<ikhm MOAdiHAia Tjm h neonor 3Hfla rpal)eBHHCKor o6jei<Ta y npHC>rCTBy MOAejia
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uinSjba h nojeAHHanHor Apseha. PaI)eHO je no jiaMHHapHHM h Typ6yjieHTHHM

poKHMOM cTpyjaaa ca xoiworeHO o6ojeHHM cJut/haom, oahocho noiwohy o6ojeHor

M/ia3a, Kao moacjiom 3arafla. MeitaH je npocropHH pacnope^ — apbo; uniSjbe —

npa qeMy cy Ao6njaHH cjiokchh xpojviaTorpaMH TJia h qeoHor 3HAa rpat)eBHHCKor

o6jeKTa. IloKa3aH je HajnoroAHHjn paciiopea BereTannje c o63Hpojvi Ha npeHoc

Mace (3araAa), oahocho 3aral)eHOCTH noBpuiHHe TJia h qeoHor 3HAa.

VII-24. OEJAIIIH>EH>E 3EHBAH>A nPH (WE'BHBAH>y TPAHH^HOr

cjioja noMO'Ry AacopnmioHE metope

C. Komiap-'Byp^eBHh, M. rjiHinnh h A. TyuoBHb

TexHOAoiuKo-MemanypuiKu (fiaKyAiueiu, Eeoepad u „EHepeoupoje/<iu" ,

Eeoepad

FIo.ia3ehH oa xpoMaiorpajvia noBpuiHHe OMOTana AHjiHHApa h Kyiie, ao-

6HjeiiHX eKcnepHAieHTajiHO npu npoyqaBaay OABajaita rpaHHiHHx cjiojeBa, noinohy

aACopimnoHe MeTOAe, yoiemi cy h HHrepnpeTHpaHH hckh hobh ejieineHTH. npw-

xeHOM o6ojeHor jvuia3a AonyiteHa cy ca3HaH>a o rpaHHiHHM crcojeBHMa, Koja omo-

ryhyjy Aa ce norayHHje caraeAajy crpyjaH>a y rpamnmoM cjiojy h 30HH OABajaita.

VII-25. YTHHAJ TEOMETPHJCKHX BEJIHHHHA HA

XH^PO^HHAMHMKE H TEPMHMKE KAPAKTEPHCTHKE PA3MEH>H-

BAHA TOnJIOTE CA OMOTAHEM

B. BaneHT, A Tacnh h B. "BopfjeBHh

TexHonoiuKO-MaiuaAypiuKU (fiaxyAuieui, Eeoepad

Pa3AiaTpaH je yTHuaj crieAehHX reoiwerpHjcKHX BenH*MHa : pacrojaifca H3iwel)y

cyceAHHX nperpaAa h bhchhc OTBOpa nperpaAe Ha KoetpHHHjeHT npejia3a TonnoTe

h naA npHracKa (pjr/HAa y iweljyneBHOM npocropy pa3MeH>HBaiia TonjiOTC. Ilpopa-

wyHH cbhx Bejm^HHa, kojh cy oSaBJteHH 3a pa3MeH>HBay ToanoTe HHAycrpHjcKHx

pa3siepa, cy noKa3ajiH as nocTojH bcjihkh yniAaj bhchhc OTBopa nperpaAe h

pacTojaaa H3Mel)y cyceAHHX nperpaAa Ha xHApoAHHaMH*n<e h TepMH^iKe KapaK-

TepHCTHKe pa3MeH>iiBaia.

VII-26. YTHUAJ 3AHTHBHHX TPAKA HA XHJJPOJI.HHAMH^KE H

TEPMHHKE KAPAKTEPHCTHKE PA3MEIBHBAHA TOnJIOTE CA

OMOTAMEM

A. Tacnh, M. MnxajjioBufa, B. "Bop^eBHh h B. BaneHT

TexHOAoiuKO-MeuiaAypiuKU tfiaxyAuieiu, Eeoepad u Buiua uiexnuHKa

uiKOAa, Eeoepad

HcnHTHsaH je yrHHaj 6poja 3anTHBHHX Tpana Ha naA npHTHCKa n Koe(}>H-

unjeHT npena3a TomiOTe y pa3MeH>HBaqy TonnoTe ca OMOTa*ieM. HciiHTHBaita cy
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H3BpiueHa 3a crpyjaibe tmhocth y oivwrnmy. Pe3yjrraTH noKa3yjy aa nocrrojH

3HaTaH yrHnaj 3anrHBHHX Tpaio Ha xn;ipo/ninaMHm<e h TepMHiKe ycnoBe.

VII-27. OHTHMH3AUHJA PACIIOPEJIA UEBH V UEBHHM njIOHAA-lA

KOJl PA3MEHdHBAHA TOI1JIOTE CA OMOTAMEM

J\. rpo3flaHHh, M. MHxajjiOBHh, M. <t>HjranoBiih h A. TacHh

TexHOMiuKO-MeiuaAypiuKii (fiaKyjiuieui, Beoepad u Biuua iuexnuHKa uiKOJia,

Beoepad

Pa3BHjeH je nomporpaiw kojh OMoryhyje o,npel)HBaH>e 6poja neBH y CHOiiy

i<a/;a cy no3HaTH yHyrpauiibH npemniK ojvioraqa, yaajbeibe HajHcrypeHHje neBH oa

oce OMOTa^a, 6poj neBHiix npojia3a, ciiojbhh npe*mnK neBH, Kopan h pacnop>e,zj

neBH. riporpaM OMoryhaoa H36op oimtMajiHor pacnope.ua neBH. ITpopaqyH ce 3a-

CHHBa Ha ypaBHOTe>KaBaH>y 3axTeBa 3a MaKCHMH3HpaH>eM 6poja neBH y OMOTa*iy

h yjeaHaqaBaH.eM BbHXOBor 6poja no cBaKoiw neBHOM npojia3y. JtoGHBeHH pe3yjrraTH

cy y czuiHHHoj car.iacHocTH ca nocrojehHM HHTepHauHOHajiHHM craHnapAHMa.

VII-28. OJXPE'BHBAHdE IIAPAMETAPA MPE>KE 3A TPAHCnOPT

nPHPOJ3,HOr TACA

Jb. rieTpaiuHHOBHh, M. 'Bypnh h M. HoBaKOBHh

TexHOAoiitKu (paKyAuieui, Hoeu Cad

PuutjeH js iwareMaTHHKH niofleji 3a iipojeKTOBan>e Mpewe 3a TpaHcnopT npn-

poAiior raca, 3acHOBaH Ha TepMOflHHaMHMKHM pejiannjaMa h jeflHaiHHaiwa jvvexaHHKe

cjjjiyHfla. PejieBaHrae TepMOflHHaMH^Ke KapaKTepncTHKe (pjiynfla .uecpHHHcaHe cy

noiviohy Soave MO£H(pHKanHje RK jeflHa^HHe craHba. Mo^eji OMoryhaBa H36op on-

THMajiHHX AHjaAieTapa cbhx rpaHa Mpe>Ke, y3 MmniMajma HHBecTHnHOHa yjiaraita,

3a 3aaaae npojeKrae 3axTeBe (KOHcpHrypanHjy, npoTOKe h cji.). riopea pacnoaejie

AHjaMeTapa yTBpl)yje ce npotpHji TeMnepaTypa h npnTHcana no uejioj ay>KHHH

Mpe>Ke. Ilopetjeifce pe3yjrraTa MOflejia (flHCTpH6yn.Hje TeMnepaTypa h npnracaKa)

ca nocTojehHM MpoKaiwa yKa3ajio je na 3aaoBo^aBajyhe cjiaranbe.

VII-29. CHMYJIAUHJA CHCTEMA CJIOJKEHHX KOJIOHA 3A

CEIIAPAI],Hjy BHUIEKOMnOHETHHX yrJLQBOJlOHHqHHX CMEIIIA

T. TiHpHh-MaTHjeBHh, P. riayHOBHh h A. Tonnh

TexHo.iouiKit (fiaKyAuieiii, Hoeu Cad u TexHUHKU <p~aKy/iuieiu, Bop

OnncaH je KOMnjyTepcKH nporpaM 3a CHiviyjianHjy cnoHceHor CHtrreMa Mel)y-

co6ho noBe3aHHX cenapanHomix KonoHa ca noflOBHMa 3a pa3,HBajaH>e BHineKOMno-

neHTHHX yr^bOBOflOHH'nmx ciweuja. 3a CHMyjrraHO pemeaBaHbe jeflHanHHa MaTepn-

jajmor h eHepreTcuor 6n:iaHca iipHAieHbeiia je MeATO^a Ishii-Otto, y3 TepMo^n-

naMHHKH mo^ct paBHOTe>Ke (pasa 6a3HpaH Ha SRK jeflHaiHHH CTaH>a. <J>.tokch-
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6a.iHa oprami3aimja yjiaaa h oSpa^e HH4>opAian.Hja o crpyKTypH CHcreMa o5ea-

oefcyje woryhHocr peuiaBaita uinpoKor oncera npaKTH^iHHx npo6jieivia. Kao miy-

opaiiHja, npHKa3aHH cy pe3yjiTara 3a hckojihko CHcreMa pa3jiHwmx KOHcpnry-

pasHja.

VII-30. MO^EJIHPAH>E AECTHJIAIJHJE CA PEAKDiHJOM

ECTEPHOHKAIJHJE

J. CaBKOBHh-CTeBaHOBHh h A. CjiaBejKOB

TexHOAotuKO-MeiuaAypiiiKu (fiaKyAuieui, Eeoipad

Pa3BHjeH je ajiropHTaiw h nporpaM 3a CHAiyjinpaibe je/jHe flecrHJiauHOHe

kojiohc y Kojoj ce ojmrpaBa peaKynja ecTephcpHKaqHje. cf>opMyjiHcaifce MaTeiwanm-

Kor MOflena /jecrHJianHOHe kojiohc H3BpmeHO je yBO^eiteM peaKUHOHHX MJiaHOBa

y jeaHaiiiHe MaTepHjajmor h eHTajmnjcKor 6HJiaHca 3a CBaKH crynaife. KBaTepHepHa

paBHorewa napa-Te*mocr Ha CBaKOM crynH>y MOflejinpaHa je npejua Suzuki, Komatsu

h Hirati. 3a pasjmwre cnen,H(i)HKaimje h pa;me ycjioBe kojiohc npopaqyHaBaHH

cy npocpHJiH cacraBa h TeinnepaTypa Kao h npoTonn napHe h Te*me cpa3e. JI,o6HBeHH

pe3ynTaTH cy nopefjeHH ca pe3yjrraTHMa apyrnx ayropa.

VII-31. MATEMATHHKH MOJ1EJI JJECOPIIUHOHE KOJIOHE

3A JlECOPniIHjy NH3 H3 CHCTEMA NaCl-NH4Cl-NH3-H20

M. Cy^>KaHOBHh h M. Paanh

TexHOAouiKu (fraKynweiu, Ty3na

ripn npojeKTOBaH>y aecopnuHOHHX npoueca 3a CHCTeiw NaCl-NHUCl-NHs-

-H20 y kojiohh ca noflOBHiwa h ca flnpeKTHOM yBO^eH>ejvi BOfleHe nape, Behmia

npeTnocraBKH Koje ce HHHe npn MOflejmpaiby npoqeca aecopnn,Hje, y obom cnyMajy

He Ba>Ke. MaTeAiaTHMKH MOfleji aecopnuHOHe kojiohc 3a chctcm NaCl-NHUCl-NHs-

-HjO yicjbyMyje cjmjeflehe ocoSchocth: HejiHHeapHOcr pa^He Jiromje nponeca,

npoMeaibUBe npoTOKe njniHCKe h Te*me cpa3e nc bhchhh kojiohc, HejiHHeapnocT

.THHHja (pa3He paBHOTOKe, pacnope# KOHueHTpanHja no bhchhh kojiohc h hsho-

meae Tcme cpa3e huhhckom (pa30M.

VII-32. nPOPAMYH KOHCTAHTE PABHOTE>KE IIAPA-TEHHOCT

unifac metojiom flonPHHOCA rpynA

JI>. neTpauiHHOBHh-CTojKanonHh

TexHOAOtuKU flaxyAiueiu, Hoeu Cad

3a H3paHynaBaH>e KoetpHinijeHTa aKTHBHOcrn h KOHCiaHTe paunoTewe napa-

-reqHOCT KopniuheHa je UNIFAC AieTOAa AonpHHOca rpyna. 3a H3paiyHaB8H>e

KowpHunjeHaTa aKTHBHocTH HeHfleajiHHX oweiua KOpHCTH ce UNIQUAC mctoa, ;u>k
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ce iwaTpmja UNIQUAC napaiweTapa (jjopjvmpa Ha 6asn UNIFAC Mo^ejia. 4>op-

jvmpaH je KOMnjyrepcKH nporpaM 3a H3paMyHaBaH>e K-BpeflHocra kojh ce MOH<e

KopncTHTH iipH CHMy.riau.HjH MyjiTHKOMnoHeHTHHX cenapauHOHHX npoueca.

VII-33. AHAJIH3A nPHMEHE KYBHE JE^HAMHHE CTAHbA HA

KOPEJIHCAHbE HAnOHA HAPA H EHTAJinHJA HHCTHX CynCTAHUH

y OBJIACTH HHCKHX TEMnEPATYPA

P. IlayHOBHh, A. MnxajjiOB h C. To. JouanoBHh

TexHOAOitiKu <p~ai<yjiuieui, Hoeu Cad

HyMepH^KOM aHajiH30M Gibbs-Helmholtz-OBe jeflHaiHHe h TepiviOflHHaMHMKe

pejiaunje 3a Koe<J)HU,HjeHT cpyrauHTeTa, yTBptjeHO je #a je HeflocraTaK MOflncpHKo-

Bamix oGjuiKa Redlich-Kwong-OBe jeflHamme craifea ca TewnepaTypHO 33bhchhm

napaiweTpHMa a h b y oBjiacTH hhckhx TeMnepaTypa nocjieflnna pacryhe oceTJbu-

bocth (J>yrauHTeTa TeMHe <j)a3e Ha BapHjanjKjy eHepreTcnor napaiweTpa ajb npn

onaaaHby TeMnepaType. AHa.iH3a je noTBpt)eHa TecTHpaH>eM pasjiHWHrax reHepa-

jiHcaHHX TeMnepaTypHHx 3aBHCH0CTH 3a napaiweTpe a h b Ha eKcnepHMeHTajiHHM

noflai|HMa 3a HanoH nape h pe3HayajiHy eHTajinnjy. 3aKJtyHaK je aa npn cpopiwyjiH-

caH,y TeMnepaTypHe 3aBHCHOCTH napajweTpa ajb Behy TOKHHy Tpe6a npniracaTH

Ta^KaMa y o6jiacrH hh>khx TeMnepaTypa.

VII-34. HyMEPHHKH nPOEJIEMH nPH H3PA^yHABAH>y

PABHOTEJKE nAPA-TEMHOCT MyjITHKOnOHEHTHHX CHCTEMA

y EJIH3HHH KPHTHHHE TAHKE

P. IlayHOBHh, C. "B. JoBaHOBHh h A. MnxajjiOB

TexHOJiouiKu (fiaKyAvueui, Hoeu Cad

JlncKyTOBaHH cy npo6jieMH KOHBepremuije npopaqyHa paBHOTe>Ke napa-Tci-

hoct y okojihhh KpHTHiHe Tam<e MyjiTHKOMnoHeHTHor CHcreMa. JXaTa je aHajiH3a

noHamaita cf)yHKUHja HHJta y nociwaTpaHoj o6jiacTH h nojaBe TpHBHjammx pemenba :

Xi=yu i+ 1 , n. IlpoGjieM je HJiycrpoBaH Ha BHUie CHCTeiwa.

VII-35. PABHOTE>KA nAPA-TEMHOCT TEPHEPHHX ACOCOBAHHX

CHCTEMA CA ACOHHJAHHJOM JEj^HE KOMnOHEHTE y OBE <J>A3E

J. CaBKOBHfa-CTeBanoBHk, A. Tacnh h B. Tk>pl)eBiih

TexHo/ioiuKo-MeiuaAypiiiKii fiaKynxueiu, Eeoepad

Pa3BHjen je a npOBepeH ajiropHTaM 3a o6pa,ay paBHOTe>KHHx no^aTaKa

napa-TewHOCT TepnepuHX acocoBaHnx CHcreMa ca acouHjannjoM jeflHe KOMHOHeH/re

y o6e (J)a3e. 3a Hene KapaKTepncTHMHe TepHepue nao h OflroBapajyhe 6HHapHe

CHcreMe H3pa^yHaBaHe cy KOHcraHTe acounjauHje h o,npet)HBaHH KoecpHnnjeHTH

ai<THBHOCTH y (J)yHKUHjH ofl cacraBa. H3 3o6hbchhx pe3yjitaTa onpetjHBaHH cy
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napawerpn y no3HaraM TepmoflHHaMHMKHM MOflenHMa KojH noBesyjy KoecpHirnjeHTe

aKTHBHOCTH ca cacraBOM ovieuie. noper)eHe cy bpcahocth KoefpHHHjeHaTa aKTHBHO-

cth TCpHepimx cHCTeivia ca ohhm npeACKa3aHHM noMohy napaMeiapa TepMOAHnajvum-

khx sioflena OApet)eHHX H3 6HHaproix CHcreivia.

VII-36. JJ.HJATPAM EHTAJinHJA-KOHHEHTPAHHJA 3A PEAKUHOHH

CHCTEM H2-N2-NH3

JX- PaAOBaHOBHh, P. HmiKOBHb h JX- n^aHojeBHh

TexHOAOuiKO-MaiuajrypiuKu tfiaKymueiu , Eeoepad

nocraBJbeH je eHTajiraijcKH AHjarpaM 3a peaKiBioHH chctcm (3H3+N2)-NHs,

Ha npHTHCKy 31 MPa h TeiwnepaTypHOM HirrepBajiy oa 0 flo 700°. KoecpHHitjeHTH

4>>TaimTera tocthx KOMnoHeHaTa, noTpe6HH 3a OAper)HBaH>e paBHOTOKHor cacraBa,

H3paM>naTH cy Ha ocHOBy BpeAHOcra apyrax BHpajajiHHx KoecpHHHjeHaTa, Koje

cy AoonjeHe no nocrynKy AJiTyHHH-ByKajiOBHua. IlpH KOHcrpyKUHjH n,njarpatia

y3era je y o63Hp h eHTajimija Meuiaiba peaKTairra (3H2+N2) h npoH3BOAa NH3

y racHOj (pasH koja je 3HaiajHa y AaTHMy cjioBHMa CHHTe3e. JfyjarpaM je ynoTpe6jbHB

koa noeraBJi>aH>a MaTepHjajmor h TOiuiOTHor SmiaHca npn CHirre3n aMOHHjaKa.

VII-37. EHTAJinHJCKH ^HJArPAM 3A PEAKUHOHH CHCTEM

SO2-O2-SO3 y nPHcycTBy n2

Ji. PaAOBaHOBHh, P. HhhkobhIi h H. TiaKOBHh

TexHOAomKO-MeiucuiypuiKU (fiaKyAuieiu, Eeoepad

nocTaBJbeH je eHrajinHjcKH AHjarpaM 3a peaKirnoHH chctcm S02-02-S03-N2.

PaAH npopaiyHa eHTajrrmja peaKraHaTa, npoH3BOAa h paBHOTOKHor cacraBa ko-

PHuiheHe cy bpcahocth Aiojiapimx toiijiothhx KanaHHTCTa peaKHHOHHx KOMnoHe-

HaTa Koje, Ha ocHOBy jiHTepaTypHHx noAaTaKa, Aajy Haj6oibe oiaraite ca ei<cnepH-

MeHTajrHHM BpeAHOCTHMa aAHjaSaTCKe KOHBep3Hje SO2 y S03. JlnjarpaM ce

oahoch Ha npHTHcan 101,325 kPa h TeAinepaTypHH HHrepBaji 25 ao 600°. Mowe

ce ynoTpefiHTH 3a npaheH>e KOHBep3Hje SO2 y npoH3BOAH>H cyjvinopHe khccihhc

H 3a nocraBJbaH>e OATOBapajyhHX toiijiothhx h MaTepnjajiHHX 6iuiaHca.



VIII. METAJiyprHJA

VIII-1. YTHUAJ BP3HHE XJIA'BEH>A HA MHKPOCTPyKTYPHE

KAPAKTEPHCTHKE JIErYPE AlMnl V JIHBEHOM CTAH>Y

B. JopaaHHh, Jl. MHxajjioBHh h A. MHxajjioBHh

TexHOAOutKO-MeuiaAypuiKu 0aKyjiuieiu, Eeoepad

Bp3HM xjial)eH>eM pacrrona jierype nocriOKy ce oieAehn ecpeKTH y MHKpo-

CTpyKTypH: a — MoptpanroniKe npojvieHe, Tj. npoMeHe oojimta, BejrHtmHe h pac-

noaejie ceKyHAapHHx (pa3a, BejmiHHe AeHApHra h hejmja h Bejureraie 3pHa; b —

3aap>KaBaH.e npecnheHHX, MeTacTaSmnnix (pa3a, npoiweHa Kojunuma ceKyHflapHHx

<pa3a h nojaBa hobhx <pa3a. OAper)HBaH>e KBaHTHTaraBHe 3aBHCH0cra 6p3HHe

xjiaJjeita h npoMeHe HaBeaeHHx napaiweTapa CTpyicrype 3a Jierypy OAper)eHor cacraBa

6htho je 3a nociroaifce onTHMajrae jiHBCHe crpyKType Koja o6e3oer)yje ycneumy

TepMHHKy h TepMOMexaHnm<y o6paay. y obom pa^y HcrntTaH je yrHnaj 6p3HHe

XJiar)eH>a Ha MHKpocrpyKTypy Jierype AlMnl, cacraBa: 0,88% Mn, 0,27% Fe

h 0,21% Si. Y30pini AHJ*ieH3Hja 40 x 50 mm h flefijbHHe: 10, 5 h 2 mm H3JiHBeHH

cy y 6aKapHy KOKHJiy iwacHBHor npecena. OcTBapeHe cy 6p3HHe xjiar)eH>a oa 30

AO 780° /s. yTBpr)eHO je fla 6p3HHa xjiar)eH>a 6htho ynme Ha umpHHy achaphthhx

rpaHa h AHcnep3Hjy HHTepMeTajiHe cpa3e y HepaBHOTe>KHOM eyreKTHKyMy, aok je

ymn.aj Ha BejniHHHy 3pHa MajiH. TaKor)e je yTBpr)eHO CMaH»eH>e KOJiH*mHe HepaBHO-

TOKHor eyreKTHKyMa ca noBeharteiw 6p3HHe xjiatjerta. KopnuiheHe cy MeTO,ue

KBajIHTaTHBHe H KBaHTHTaTHBHe CBCTJIOCHe MHKpOCKOnHje, ejieKTpOHCKa MHKpO-

coHfla h iwepeite ejieKTpniHe npoBOAJBHBOCTH.

VIII-2. CTPyKTyPA 3ABAPEHOr CnOJA JTEryPE Al-5Zn-lMg

II. 4>oAop, A. MHxajjioBHh h JX. MHxajjioBHh

TexHOAOiUKO-MeiuaAypiuKu (paKynweiu, Eeozpad

3a Bpeiwe 3aBapHBaH>a jierypa Al-Zn-Mg, y 30hh noA yTmrajeiw TeMnepaType

(3YT) OAHrpaBajy ce peaKmije y *repcTOM en-arty: HHTeH3HBaH pacr Tairora,

noHOBHO pacTBapaH>e Tajiora, TpaHccpopivianHja Tarcora y craSmiHy era-cpasy h rh-

peKTHO HacrajaH,e CTaGmme era-(pa3e. IIojia3HO cran>e jierype, 3a AaTy TexHOJiorajy

3aBapHBaH>a, yrnie Ha HHreH3HTeT nojeAHHHX peaKiurja, Tj. Ha crpyKTypy y 3yT-y,

a THMe h Ha MexamniKe ocoShhc 3aBapeHor cnoja. Y obom paAy HcmtTHBaHa je

npoiweHa crpyKType y 3YT-y Jierype Al-5Zn-lMg Ha pacrojaay 15, 30 h 50 mm

oa oce 3aBapa. JeAHa cepnja y30pana 3a e;reKTpoHCKy MHKpocKonnjy je H3par)eHa



C 129

oa enpyBera Koje cy 3aBapeHe 6e3 nperxoAHor npearpeBaiba, a apyra oa enpyBera

ca npe/vpeBaibeM Ha oko 100°. HcnuraBaiba cy noi<a3ajia aa je nafl TBpAohe koa

enpyBera 6e3 rrpeArpeBaH>a y3poKOBaH HHTeH3HBHHM HacrojaifceM paBHOTOKHe

era-(pa3e. Y3opuH 3aBapeHH ca npeflrpeBaH>eiw He noKa3yjy naA TBpAohe Ha pacro-

jaH>y 1 5 ao 50 mm oa oce 3aBapa 36or Tora uito npearpeBaH>e HMa ecpeicre T3B .

BeuiTaqKor crapeH>a. 3a HcnHTHBaH>e cy KopmuheHe Meroae onTHHKe h TpaHC-

MHCHOHe ejieicrpoHCKe MHKpocKonHje h Mepeite TBpaohe.

VIII-3. YTHHAJ TEPMOMEXAHHHKE OEPAHE HA nPOMEHY

CnEUHOHMHOr EJIEKTPHMHOr OTnOPA AlMgSiCu JIErYPE

C. H. Coja/iHHOBHh

TexHUHKu tfiaxyniuew, Eop

HcnHTHBaHa je rrpoMeHa cneuncpHHHor aneKTpHHHor ornopa AlMgSiCu Jie-

rype y 3aBHCH0CTH oa TepMOMexaHHHKe o6paAe. Y3opn.H AlMgSiCu Jierype cy,

npe Mepefta cneuHcpHMHor ejieKTpHHHor OTnopa, npmipeMaHH no cjieAehoj uicmh:

1. rrpHAiapHO crapeH>e, 2. npHjwapHO crapeae + Ae4>opMairnja h 3. npniwapHO

crapeae + AecpopMannja + cenyHAapHO crapeae. Ilocjie xoMoreHH3auHje (520°

— 24 h), y3opu.H cy TepMH*n<H pacraapaHH (520 — 30 min), 3aTHM KajteHH y

boah h npHMapHO crapeHH (160° — 10 min). Y3opir« cy, 3aTHM, AecpopiwHcaHH

ca 1 5, 30, 50, 70 h 80%-thhm creneHOM AecpopMaunje, npn uejwy cy KopHin-

he«a Asa pe>KHMa AecpopMairnje xjraAHHM BajbaH>eM: ldlher~ 0,7 h /d/Agr^5,

rAe je: U VRM, R- npeqHHK Banana, AA-peAyKimja no npoBJiany h hm- cpeAfta

AeGjBHHa BajiaHor jmjvia. Iloaie Ae4>opMannje ysopun cy ceKyHAapHO (Aymio)

crapeHH Ha 180, 220 h 250°—1 h. Pe3yjrraTH yKa3yjy a» — nopeA yTHnaja

yKyrraor creneHa AecpopMaunje h TeMnepaiype TepivumKor Tajiomeiba — pacnoAejia

h HHTe3HTer MaKCHMajiHor CMHuajHor Hanpe3aH>ayKpHTH»THOM nonpetmoM npeceny

BajtaHor jwerajia HMa bcthkh yranaj Ha npoivieHy cneipHpHUHor eneKTpHMHor ot-

nopa. HajBehe BpeAHOcrH cneqH(pHWHor ejieKTpHHHor omopa AOOnjeHe cy 3a

crenen AecpopMauiite oa 30%, nocne crapeH>a Ha 220°—1 h, 3a y3opaK Ae<pop-

MHCaH M8H>e HHTeH3HBHHM pe>KHMOM ACC|)OpMai;Hje (/d/Asr £0,7).

VIII-4. YTHHAJ PE>KHMA flEOOPMAUHJE HA CTPYKTYPY

H TEKCTYPY JIErYPE AlMgSi

C. CrojaAHHOBHh, A. Ba6Hb-MHjiocaBJbeBHb, M. Poryjinh h B. MmieHKOBHh

TexHOAOtuKO-MeuiajiypuiKu (fiaxyjiiueiu, Eeozpad

HoiHTHBaH je yrHnaj peaoiMa h creneHa Ae^opMaunje Ha crpyKrypy h

TeKcrypy AecpopMaunje h peKpHcrajm3auHje AlMgSiCu Jierype. Jlerypa je nocrie

TepMH^rKor pacrBapaH>a h npHMapHor Tajio>KeH»a Ha 160°, 10 min, AecpopMHcaHa

no Asa pe>KHMa /d/A8r=0,7 h 5, creneHHMa AecpopMaiinje 15, 30, 50, 70 h 80%.

.DtetpopMHcaHH y3opn,H cy peKpHcrajiHcaHH h 3aTHM HcmiTHBaHH. YTBpr)eHO je

pe>KHM A«t>opMaHHje HMa BejiHKor yrnuaja Kaxo Ha crpyKTypy Tarco h ua TeKcrypy

peKpHcrajiH3anHje. HajBeha pa3jmKa H3Mel)y A^a pe>KHMa AecpopMaunje ce 3ana>Ka

rrpn MajiHM creneHHMa AecpopMauHje, iuto je H3a oieKHBaTH jep jeyHera eHeprnja

3a Here creneHe AecpopMaunje pa3JinuHTa. Ta pa3JiHKa ce CMartyje ca iiOBehaihCM

creneHa AecpopMaunje uito ce bhaho OApawaBa Ha TeKcrypy.
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VIII-5. YTHHAJ nOJIA3HE CTPYKTYPE HA JIHJIATOMETPHJCFCO

nOHAIIIAHjE MAPATHHT HEJIHKA Fe-Ni-Co-Mo-Ti THnA nPH

3ATPEBAH>y H XJLVBEIfcy

H. n. BHAojeBHh, H. M. HoBOBHh-CHMOBHh h B. M. AH^ejiHfe

TexHOAOiuKO-MeiuaAypMKu (fiaxyAtueui, Eeozpad

JI,a 6h ce HCimTao yrHuaj nojia3He crpyKType MaparHHT MejiHKa Fe-Ni-Co-

-Mo-Ti THna Ha cpa3He npojvieHe Koje ce oflnrpaBajy npn 3arpeBaH>y no Tejtnepa-

Type Kajteita (815°) h xjiar)eH>y no co6He TejAneparype, AHjiaTOMerpHjcKe enpyaere

cy npeTxoAHO 3arpeBaHe no pa3jiHiHTHX TeMnepaiypa y noapyjy 500—815° h

xjialjeHe y nehH flunaTOMeTpa ao co6He TeivinepaType. AjcajiH3a AHJiaTOMeTpHjcKMx

kphbhx flo6HjeHHx npH 3arpeBaH>y nperxoflHO TpeTHpaHHX enpyBeTa no 815° m

xjiarje&y no co6He TeivinepaType, noKa3yje na nojia3Ha crpyKTypa HcnojbaBa SaraH

yTmjaj Ha npOH.ec aycreHHTH3aHHje wcnHTHBaHor nejiHKa h H>eroBO noHauiaH>e npH

xjiarjeiby. YoneHe pa3jmKe y npoivieHH ay>KHHe nHjiaTOMeTpnjcKHx enpyBeTa npn

3arpeBaH.y no TeivmepaType KajLen>a y yKyriHHM nywHHCKHM npoiweHajvia npn xjia-

rjeity no co6hc TeivinepaType, Kao h y flHJiaTOMeTpHjcKOM e^evry aycreHHTHO-Map-

TeH3Hrae TpaHC(popj«aHHje h nojio>Kajy oaroBapajyhe Afs-Tawe, npoflHCKyTOBarre

cy y 3aBHCHOCTH on <pa3Hor cacraBa wcnHTHBaHor Mejnma y nojia3HOM craH>y h

craH>a aycreHHTa Ha TeMnepaTypH Kan>eH>a. ,U,oflaTHa HcnHTHBaita Koja cy ce ca-

crojajia y nperxoflHOM BHiuecrpyKOM 3arpeBaiby flmraTOMerpHjcKHX enpyBeTa no

Oflpe^eHe TeAinepaType, noTBpamia cy 3ana>KaH>a o BejmKOM yranajy nojia3He

crpyKType Ha nponec aycreHHTH3aHHje ncnHTHBaHor MaparHHT MCTHKa h H»eroBy

MapTeHSHTHy TpanccpopMaHHjy npn xjiar)ens>y.

VIII-6. 3ABHCHOCT KOEOHHHJEHTA AKYMYJIAUHJE TOnJIOTE OR

CACTABA KAJIYnAPCKHX MEUIABHHA

C. MapKOBHh

TexHOAoutKO-MeuiaAypuiKu <p~aKy/iiueui, Eeozpad

JlyjKHHa Tpajaita (Bpejwe) KpHCTajumuHje h aajter xJiar)eH>a o/ymBaKa Me-

Phjio je aKyiwy^araBHe choco6hocth aaTe jvieuiaBHHe, a to ce oneT iwo>Ke H3pa3HTH

npeno KoecpHHHjeHTa aKyMyjiaimje ToroioTe MeuiaBHHe bi, KojH Ha hckh naMHH

36hpho penpeuieHTyje Tepiwo(pH3H«n<a CBojcTBa KajiynapcKHX MaTepHjajia. Ha oc-

HOBy kphbhx xjiat)eH>a flo6HjeHitx MepeH>ejn TeMnepaiype y neHTpy eKcnepHiweH-

TanHor oajmBKa jraseHor y HcriHTHBaHHM Ka^ynapcKHM MemaBHHajvia y3 nojwoh

BajHHKOBe jeaHaMHHe 3a cnyqaj OHBpiuhaBaiba jierype y HejwerajiHOM Kajryny,

flo6HjeHe cy SpojHe BpeaHocrH KoecpHimjenaTa aKyMyjianjije TonnoTe aanix Me-

uiaBHHa. CpeflH,e BpeAHOcra Koe4)nn,HjeHaTa aKyiwyjiauHje Torniore bz MeiuaBHHa

Ca KBapHHHM, XpOMHTHHM H CHTepMaTHe3HTHHM neCKOM H SeHTOHHTOM KaO BC3H-

bom croje y oflHOcy: 1:1,47:1,73. Cpe#H>e BpeflHOCTH KoecpHUHjeHaTa bz hcthx

obhx MeuiaBHHa, ajiH ca BOfleHHM craKJiOM Kao Be3HBOM, croje y ojnrocy 1:1,16:1,51.

,H,o5HjeHH pe3yjiTaTH HeABOCMHOieHO HaBoae Ha 3aKjtyqaK aa ynoTpe6a Kajrynap-

ckhx MaTepnjajia Ha 6a3H BaTpocrajiHHX necKOBa (y obom cjry^ajy xpoMHTHor h

CHHTepMarne3HTH0r) aaje Behe BpeAHOCTH 62, oahocho 6pM<e xjrarjerfce, iuto yKa-

3yje Ha MoryhHocr itHxoBe npiiAieHe koa Behnx npecena oflJiHBaKa.
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FIU-7. YTHHAJ CHJIHHHJYMA HA nOJABY H KOJIHHHHY <t>EPHTA

V nOBPJIHHCKOJ CTPYKTYPH H3JIHBAKA OJI CHBOr JIHBA

M. ToMOBHh h C. MaTHjameBHh

TexHOAOuiKO-MemanypiuKu (fiaKyAiiieiu, Eeoepad

<t>epHTHO nepjmTHH orojeBH ce Bpjio yecro jaBJbajy Ha H3JiHBimi«a or

offior ;nu;a ko)'h ce npo3BOAe nofl yoiOBHAia KojH o6hmho npeoBJialjyjy y

.uiBmmawa. Obhm pa^oM ce noKyiuano yrBpaHTH KaKO CHJiHinijyM yTH^e Ha

cTBapaa.e (pepHTHonepjihthhx cnojeBa. 3a HcrorrHBaifce yrauaja cmmHHjyAia Ha

nojaBy h KOJDWHHy (pepHTa y noBpiiiHHCKoj crpyKTypH H3jiHBaKa npoueHaT chjth-

ipijyjta MeH>ao ce 1,97%, 2,10%, 2,23%, 2,50%. H3jihbuh cy jihbchh y neuiaMHe

Kao\-ne. Oapef)HBaH>e aySHHe ii KOJiHirae cpepHTHHX noBpuiHHCKHX cnojeBa hciih-

THBaHo je Ha H3jmBUHJwa, ™je cy fliuvieH3Hje h3hochjk 100, 75, 50, 25, 10 h

5 mm. TeMnepaTypa JiHBeita Kpeiajia ce oa 1370—1400°. MerajiorpacpcKa hc-

nHTHBaH>a noBpuiHHCKor aioja H3JiHBaKa noTBp^yje jja je yTHuaj CHjmimjyMa y

chbom jiHBy 3HaqajaH h aa H3pa3HTo ym^e Ha napaicrep noBpiiiHHCKe crpyKType.

VIII-8. YTHUAJ nPOHEHTYAJIHOr CAHP5KAJA OJIOBA HA

KOEOHHHJEHT OPHKHHJE CHHTEPOBAHHX OPHKHHOHHX

MATEPHJAJIA

JI. TpH(J)yHOBHh, H. HeflejbKOBiib ii JI. CrynapcBHh

TexHOAOtuKO-MeuicuiypiuKu tfaxy/iuieui, Eeoepad u TexnuuKU $aKyniueiu, Bop

HaiHTHBaHH CHHTepOBaHH (ppHKUHOHH MaTepHjajiH npeacraBJBajy BHUie-

Ko«uiOHeHTHe nceyaorierype Cu-Sn-Pb-rpa<pHT-Si02. Y paay cy npaheHe npoMeHe

KoecpHUHjeHTa cppHKHHje ca pa3JmwrHM npoueHTyajiHHM caapwojeM onoBa y Ma-

TepHjajiy oa 0—11% Pb. njiaHHpaHbe eKcnepujvieHTa h o6pa.ua pe3yjiTaTa BpmeHa

je KopHiuheH>eM MaTeAtaraiKe „CHMimeKc" AieTOfle.
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I. GENERAL AND INORGANIC CHEMISTRY

1-1. STUDY OF AMINO ACIDS COORDINATED TO COBALT(III) BY

!5N NMR SPECTROSCOPY

N. Juranic*, R. L. Lichter, M. B. Celap, M. J. Malinar and P. N. Radivojsa

Faculty of Science, Belgrade University, Belgrade, and Hunter College of the

C. U. N. Y., New York, USA

Nitrogen- 15 NMR chemical shifts of amino acids coordinated as the amino-

carboxylato chelate ligands to cobalt(III) in X-c«(N02), ira/w(NH2)-[Co(N02)2

(Am)2]_,or+l complexes (AmH=amino acid) have been determined. The chemical

shifts of the amino nitrogen directly bonded to cobalt(III) are moved considerably

to higher shielding in comparison with those of the free aminocarboxylato ligand,

the zwitterion, or the protonated amino acid. The shift to higher shielding is sen

sitive to the nature of the amino acid.

1-2. COORDINATION SHIFTS IN i*N NMR SPECTRA OF GLYCINATO

AND ETHYLENEDIAMINE LIGANDS IN COBALT(III) COMPLEXES

N. Juranid and R. L. Lichter

Faculty of Science, Belgrade University, Belgrade, and Hunter College of the

C. U. N. Y., New York, USA

Nitrogen- 15 NMR spectra of the [Co(ox)z(gly)j,(en)z]-type complexes (oxH? =

= oxalic acid, glyH = glycine, en — ethylenediamine) have been studied.

15N NMR signals of glycinato and ethylenediamine ligands exhibit shielding

coordination shifts, ranging form —19 to —62 ppm. The coordination shifts are

very sensitive to the trans influence, while the cis influence is about four times

less pronounced and of the opposite sense. A theoretical interpretation of the

coordination shifts is given.
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1-3. SYNTHESIS OF GLYCYLGLYCINATON1TROPROPYLENEDIAMI-

NECOBALT(III) AND INVESTIGATION OF THE REACTIVITY OF

COORDINATED LIGANDS

Lj. Soluji<5, M. B. Celap and T. Sabo

Faculty of Science, Belgrade University, Belgrade

By the reaction of glycylglycinatonitropropylenediaminecobalt(III), obtained

from propylene-diamine and wer-[Co(glygly) (NOo^]2^ with acetaldeyde in alkaline

solution (pH = 11), at room temperature, three condensation products have been

obtained. On the basis of data obtained from electronic and PMR spectra it might

be concluded that the first isolated complex represents a dipeptidato ligand Schiff

base of the starting complex; the second complex is a condensation product of

acetaldehyde and the N-terminsl CH2 group of the dipeptidato ligand of the star

ting compound, and the third product obtained represents a diamine ligand Schiff

base of the starting substance. Finally, the possible mechanism of this reaction

was proposed.

1-4. THE EFFECT OF THE ABSOLUTE CONFIGURATION OF

COMPLEXES ON THEIR R, VALUES OBTAINED BY TLC ON ALUMINA

M. B. Celap, G. N. Vuckovic, T. J. Janjic, M. J. Malinar and P. N. Radivojia

Faculty of Science, Belgrade University, Belgrade

The effect of the absolute configuration of cobalt(III) complexes on their

/?r-values, obtained by TLC on alumina G, has been studied. Nineteen pairs

of internal diastereoisomers, containing some of the following ligands: glycine,

L- or D-amino acid, nitro group, ammonia, 1,2-diaminoethane and 1,3-diamino-

propane were chromatographed. The separation was achieved using 13 mono-

component and 10 multicomponent solvent systems. It was observed that diaste

reoisomers of the same absolute configuration, containing a coordinated amino

acid of the same absolute configuration and belonging to the same homologous

series, have higher or lower i?t-values than the diastereoisomers of the opposite

configuration, regardless of the solvent system used. It was supposed that the

mechanism of the separation is adsorption. A new possibility for the determination

of the absolute configuration of complexes of the same homologous series has

been proposed.

1-5. ELECTROPHILIC SUBSTITUTION OF Cr(III) IN Ca-EDTA

COMPLEXES

S. Saric and I. Gal

Faculty of Science, Belgrade University, Belgrade

The kinetics of the electrophlic substitution reaction

Cr(1 1 1) +Ca(EDTA) ^Ca(I I) +Cr(EDTA)

has b;en investigated spectrophotomctrically, at a large excess of Ca(EDTA) in
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solution. Kinetic curves have been obtained at various pH and temperatures.

Results are discussed in terms of two possible mechanisms: (1) dissociative path,

i. e. dissociation of Ca(EDTA) and successive formation of Cr(EDTA), and (2)

associative path, according to which a dinuclear Cr-Ca-EDTA intermediate is

formed.

1-6. A STUDY OF THE Cu2-/H+ ION EXCHANGE PROCESS AND

TRANSFORMATION APPEARANCES ON AMORPHOUS

ZIRCONIUM PHOSPHATE

P. Hid, V. Pekarek, A. Ruvarac nad A. Tolic

Technical Faculty, Bor, Institute for Inorganic Technology of the Czechoslovakian

Academy of Sciences, Prague, CSSR, and Boris Kidric Institute of Nuclear Sciences

Belgrade

The process of Cu2f/H+ ion exchange on amorphous zirconium phosphate

was studied on a LKB microcalorimeter, of the type 8700— 1, with intensive mixing.

In all studies the solid phase was the same, while the aqueous phase consisted

cf a mixture of CuCl2 and HC1 solutions, at constant solution ionic strength (7=^0. 1).

Based on the results of the measurements of reaction heats it may be stated that

by introducing the sorbent into the system contatining the Cu2+ solution there exist

at least two reactions: the reaction of sorbent wetting which gives an exothermic

heat effect and the reaction of Cu2+ ion exchange with the hydrogen ion in the

solid phase of amorphous zirconium phosphate wihch gives an endothermic effect.

Based on the results of studies of samples of amorphous zirconium phosphate,

the possibility of the existence of sorbent phase changes during Cu2+/H+ ion ex

change and of very low sorbent crystallinity were pointed out.

1-7. MEASUREMENT OF THE REACTION HEAT OF Cu2+/H^ ION

EXCHANGE ON AMORPHOUS ZIRCONIUM PHOSPHATE

P. Hid, A. Ruvarac, V. Pekarek and A. Tolic

Technical Faculty, Bor, worn Kidric Institute of Nuclear Sciences, Belgrade, and

Institute for Inorganic Technology of the Czechoslovakian Academy of Sciences,

Prague, CSSR

The process of Cu2+/H+ ion exchange on amorphous zirconium phosphate

was studied on two different types of microcalorimeters. In the first case a calori

meter of the Calvet type was used, produced by Standard Telephones and Cables

Ltd., England, where in the reaction vessel a very slow process of Cu2+/H+ ion

exchange was taking place. In this case, because of very slow ion exchange kinetics,

the process of ion exchange of Cu2 F with the H+ ion on amorphous zirconium

phosphate, i.e., the total endothermic effect, was given in a large time interval.

In the other case, measurement of the reaction haet of Cu2+/H 1 ion exchange

was carried out on an isothermal differential microcalorimeter, of the type Ni-Re,

made in CSSR, with intensive mixing of the system. The studies, with both types

of microcalorimeters, were carried out with a mixture of solutions of CuCh and

HC1, with a total ionic strength of 7=0.1. Based on the calorimetric measurements
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of Cu2+/H+ ion exchange the isotherm and total heat effect were determined,

which contained, apart from the reaction heat of Cu2+/H+ ion exchange, the heat

of wetting of the ion exchanger, the heat of dilution of the solution and the ion

hydration heat, as well.

1-8. HYDROLYSIS OF THE COPPER(II) ION IN SODIUM

CHLORIDE MEDIUM

N. B. Milic and P. Burdevic

Faculty of Science, Kragujevac University, Kragujevac

The hydrolysis of the copper(II) ion in 3.0 M (Na)Cl medium was studied

by the emf method at 25°C. The data show that the copper(II) ion hydrolyzes

between pH 4 and 5 depending upon its concentration. Thus, as the copper con

centration increases, the beginning of hydrolysis is shifted to lower pH values.

A low extent of copper hydrolysis can be obtained before a colloidal or active

precipitate occurs, particularly at higher concentrations of the copper(II) ions.

1-9. HYDROLYSIS OF THE THORIUM(IV) ION IN SODIUM

PERCHLORATE MEDIUM

N. B. Milic, I. D. Bugarcid and D. Toksic

Faculty of Science, Kragujevac University, Kragujevac

The hydrolysis of the thorium (IV) ion in various concentrations of sodium

perchlorate media was studied by the emf method at 25°C. The data show that

the extent of thorium hydrolysis increases with increasing its concentration, but

decreases with increasing concentration of the medium ions. The composition of

the hydrolytic complexes and their stability constants also indicate the effect

of the ionic medium. Using data of thorium hydrolysis in sodium nitrate, chloride

and perchlorate media the effect of complex formation with anions of the media

was considered.

1-10. CATALYTIC ACTIVITY OF FeS04 IN MOLTEN SALTS

M. Dojcinovic, M. Su§ic and S. Mentus

Instituty of Chemistry, Technology and Metallurgy, Belgrade, and Faculty of Science,

Belgrade University, Belgrade

Catalytic activity of the following molten mixtures was studied: FeSOr

-K2S207-K2S04-Li2S04 and FeS04-K2S207-K2S04-ZnS04 with various molar

percentages of FeS04 (3.0 and 18.0), at temperatures of 515°, 530° and 560°C.

It was found that these systems might be used as homogeneous catalysts for the

oxidation of S02 to SO3. The rate of SO2 oxidation in contact with liquid catalysts

was also investigated.
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Ml. COMPARATIVE INVESTIGATION OF NATURAL MAGNETITES

AS THE BASIS OF THE AMMONIA SYNTHESIS CATALYST

B. D. Aleksic, M. Grujic and S. Ivkovic"

Institute of Chemistry, Technology and Metallurgy, Belgrade, and Mines of Majdanpek

Majdanpek

The most active known catalysts for ammonia synthesis have been obtained

from magnetite. Investigations of the physico-chemical properties of magnetites

from deposits in Majdanpek (Yugoslavia), Krivoi Rog (USSR) and Malmberget

(Sweden) have been performed with the purpose to judge the possibility ofproducing

the catalyst on the basis of domestic magnetite. Analyses of the ingredients content,

the Fe2+/Fe3+ ratio, the phase composition as well as the thermal behaviour of

the investigated samples have shown that magnetite from Majdanpek is very con

venient as the basis of the ammonia synthesis catalyst. Ingredients in our magnetite

are not expected to inhibit the catalyst, except a somewhat higher content of silicon

compounds, the nature of which has to be defined in order to apply the proper

procedure of adjusting the concentration of this promotor in the catalyst.

1-12- ACTIVITY OF ZnO-CuO — Cr2Os SYSTEMS IN THE REACTION OF

METHANOL DECOMPOSITION

A. Terlecki-Baricevic, B. Grbic and D. Jovanovic'

Institute of Chemistry, Technology and Metallurgy, Belgrade

The catalytic activity and selectivity of ZnO, Cr203, ZnCr204, ZnO-ZnCr204

and Cu-ZnCr204 systems, as well as the activation energies of the methanol de

composition reaction on these catalysts, have been investigated. The role of indi

vidual components in the activity of the used catalysts has been disscused.

1-13. APPLICATION OF THE DIFFERENTIAL MICROCALORIMETRIC

METHOD FOR ACTIVE CATALYST SURFACE DETERMINATION ON

THE BASIS OF ELEMENTAL COPPER

S. B. Jovanovic, Z. Marjanovic and G. Rasulic

Chemical Industry „Pan£evo", Pancevo

The subject of this communication is the investigation of a differential micro-

calorimetry application possibility for the determination of active catalyst surfaces.

The method is based on cupric oxide reduction energy determination, which is

present in the catalyst as well as the reduction energy of pure (p. a.) cupric oxide

on a DSC- IB microcalorimeter in a dynamic atmosphere of hydrogen. By the

method of continuous flow and by BET equation application the specific surface

of p. a. cupric oxide has been determined. The specific surface of cupric

oxide in catalyst samples has been determined from the ratio of the cupric oxide

reduction energy in the catalyst and the p. a. cupric oxide reduction energy as
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well as from its specific surface. Comparison of the values obtained for the cupric

oxide specific surface in the catalyst, with the results of their activity determination,

has shown that the specific surfaces determined by this method, represent a measure

of the catalyst active surface.

1-14. CATALYST CHANGE INVESTIGATION OF THE SYSTEM

ZnO-CuO-Cr203 DURING ITS REGENERATION IN AN

INDUSTRIAL REACTOR

G. Rasulic, Lj. Milanovic and S. B. Jovanovic

Chemical Industry „Pan6evo", Paticevo

A catalyst on the basis of ZnO-CuO-Cr203 for carbon monoxide low tempe

rature conversion is sensitive to the effect of increased temperatures and to the

influence of sulfur and chlorine compounds which act as catalytic poisons. During

the catalyst use copper metal crystals begin to enlarge in the industrial reactor

which causes a catalyst deactivation. By the regeneration process, that is foreseen

for catalysts on the basis of chromiunm oxide, its activity is improved, and the

catalyst life time prolonged. The aim of this work was the investigation of active

component changes in catalysts for carbon monoxide low temperature conversion

caused by regeneration in an industrial reactor. The active surface increases for

about 10—20% in relation to the catalyst before regeneration by catalytic filling

oxidation, which represents the first phase of catalyst regeneration. In the second

regeneration phase, which is carried out by washing of the oxidized catalytic layer,

a further increase of 9—16% of the active surface is attained.

1-15. PROCESSING OF RESIDUAL GRANULATED MATTER FROM THE

FURNACE FOR BUCK ASH BURNING. II. SEPARATION OF Na2S04

AND NaCl

S. Pribicevic, Z. Unger and E. Hodzic

Faculty of Technology, Novi Sad University, Novi Sad, Sodaso Institute, Tuzla

and Faculty of Technology, Zagreb University, Zagreb

The residual granulated matter after black liquor burning was washed with

a solution of HC1 with subsequent neutralization. There remains a solution of

Na+, K+, SO\~ and Cl~. The present Na2S and Na2S03 are separated and con

verted into chlorides. A concept is given for the way of salt crystallization, which

enables the production of Na2S04 . 10 H20, NaCl and the rest which contains

K+ and other admixtures. The yield of Na2S04 is 90—95%, of NaCl about 90%.

These results represent the basis for the construction of equipment for commercial

production of Na2S04 and table salt.
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1-16. PROCESSING OF RESIDUAL GRANULATED MATTER FROM THE

FURNACE FOR BUCK ASH BURNING. I. SEPARATION OF

Na2C03 AND Na2S04

S. Pribicevic, Z. Unger and E. Hodzic

Faculty of Technology, Novi Sad Univerjity, Novi Sad, Sodaso Institute, Tuzla and

Faculty of Technology, Zagreb University, Zagreb

The granulated matter after black liquor burinng was washed with water. The

obtained solution contained: Na+, K+, SO|", CO^-, Oh, S2-, and SO^-. Sepa

ration of the salts into corresponding groups has also been carried out including

NaHC03, Na2S04 . 10 H2O and the rest which contains impurities. A procedure

has also been given for the separation ofNa2SO<i. 1 0 H2O, NaC03- 1 0 H2O into groups

and the rest with impurities. The yield of Na2C03 is about 90% and of Na2SOi

90—95%. According to the obtained results it is reasonable to build equipment

for commercial production of Na2S04 with the possibility of recycling Na2COs . 10

H20 or NaHC03 into the process.

1-17. LIGHTWEIGHT CERAMIC MATERIAL WITH

HYDROSILICATE BONDING

B. Pavlovski, S. Zafirovski and V. Zlatanovic

Faculty of Technology, Skopje University, Skopje

A procedure for obtaining a lightweight ceramic material with hydrosilicate

bonding from pumicite-pumice is presented. The experiments were carried out

with two granulometrical compositions of pumicite-pumice and with the addition

of 10—30% Ca(OH)2. The products are formed in two ways: by handramming

and mechanically by means of a press. After forming, the test bodies are steamed

in an autoclave at 0.1 MPa. The obtained product has a volume mass less than

1200 kg/m3 and could be classified as a light ceramic material.

1-18. SYNTHESIS OF SODIUM HYDROSILICATES BY ALKALINE

TREATMENT OF TUFF

V. Zlatanovic, S. Zafirovski, M. Milosevski and B. Pavlovski

Faculty of Technology, Skopje University, Skopje

The investigation of the solubility of tuff was made in alkaline solutions

of different NaOH concentrations in a different temperature range and different

times of treatment. Different sodium hydrosilicates were obtained. Some of these

products could be used in the detergent industry and in the industry of zeolite

inorganic synthesis. At the same time the kinetics of the rate of solubility was

determined by using the Awrami-Jerofeev equation, within the investigated range.
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1-19. POLYTHERMAL SINTERING OF MgO ACTIVE POWDER

M. Milosevski

Faculty of Technology, Skopje University, Skopje

The kinetics of obtaining MgO active powder by means of the thermal de-

hydroxylation of Mg(OH)2 was investigated. The classical kinetic parameters of

obtaining MgO were identified. The MgO active powder was sintered under

polythermal conditions and in that case the operative mechanism of mass transfer

was identified.

1-20. THERMODYNAMIC ASPECTS OF THE REACTION OF SECONDARY

MULITE FORMATION IN K-FELDSPAR MELTS

B. Zivanovic, M. Stevanovic and J. Ranogajec

Faculty of Technology, Novi Sad University, Novi Sad

A thermodynamic calculation of the dependence of the standard free energy

on the sintering temperature of the electroporcelain mass for a group of chemical

reactions describing the formation of secondary mtulite in K-feldspar melts is

presented. By analysis of the equilibrium diagram of state of KsO-AbOa-SiOz we

presumed the course of the chemical reactions in K-feldspar melts, and by means

of suitable thermodynamic analysis proved the correctness of this assumption.

1-21. INVESTIGATION OF BRICK OUALITY AS A FUNCTION OF

THE CONTENT OF CALCIUM CARBONATE IN CLAY

S. Isakovski and S. Kovacevic

Faculty of Technology, Novi Sad University, Novi Sad

This paper is dealing with the result obtained on bricks produced from clay

containing 10—30% of calcium carbonate. The results obtained indicate that the

pressing firmness of bricks without limestone are significantly lower than that

of the bricks produced from the clay with different calcium carbonate content.

The pressing firmness of bricks obtained from the clay containing 30% of calcium

carbonate is 90% greater than that of the bricks without limestone. Investigations

proved that calcium carbonate has a positive effect on the increasing of brick

firmness.
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1-22. THE SINTERING OF AN ALKALI ABUNDANT RAW MIX IN HEAT

EXCHANGER KILNS

I. Radic

„Dalmacija Cement", Split

The quality of Portland clinker sintered in a heat exchanger kiln depends

primarily on the chemical composition and on the even feeding of the raw mix

s well as the way of dispersion and fuel combustion duration. Such a kiln presents,

an fact, an imperfect counterflow heat exchanger, so that appropriate attention

has to be payed to the quality of the Portland clinker. The presence of alkali oxides

can greatly influence the sintering temperature and the formation of minerals in

the clinker. In the sintering process alkali compouds and other volatile components

take an important part in forming coatings within the kiln, in the gas chamber

or in the cyclones. In this work varying quantities of alkali oxides have been added

to the industrial raw mix sample and it is proved that the initial quantity of alkali

has an important influence on the formation of minerals in the clinker. Within

phase system changes the formation of clinker minerals cannot be explained on

the basis of the residual amount of alkalis in the clinker, for the total quantity

of alkali oxides had contributed only in some phases of crystallization. Therefore

the quantity and composition of the melt in the sintering process as well as the

rate and way of crystallization have to be taken into consideration.

1-23. POSSIBILITIES OF USE OF SERPENTINE ORE WASTES FOR

PRODUCTION OF MAGNESIUM NITRATE AND OTHER MAGNESIUM

COMPOUNDS

R. Savic", D. Cemalovic, R. Kubicek and M. Gligoric

Faculty of Technology, Tuzla University, Tuzla

The possibility of decomposition of the serpentine waste mass from the

asbestos manufacturing process in Bosansko Petrovo Selo was investigated. It

appears to be an interesting raw material for the production of magnesium nitrate,

which is very important in the manufacture of refractory basic magnesia bricks

and for production of mixed mineral fertilizers. The extraction of useful components

was carried out with 40% and 50% nitric acid at defined conditions. The obtained

solution was treated with ammonium hydroxide in order to precipitate Mg(OH)2-

It was found that at a pH of 10.2 about 90% of the magnesium is precipitated

from the solution. The remaining NH4NO3 solution contains many other compo

nents originating from serpentine, which may be used for a production of mixed

fertilizers.
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1-24. TREATMENT OF THE ORGANIC PHASE REMAINING AFTER THE

EXTRACTION OF MINERAL ACIDS FROM THE PROCESS OF

RAW PHOSPHATE DECOMPOSITION BY NITRIC ACID

V. Sipka and Lj. Milanovic

Chemical Industry „Pandevo", Panfevo

The first phase in the process of fertilizer production is raw phosphate de

composition by some mineral acids. If the decomposition is carried out by nitric

acid, phosphoric acid and calcium nitrate appear as the reaction products. In

order to avoid the presence of calcium nitrate in the fertilizer, which increases

its hygroscopicity, as well as the presence of many heavy metals, which conta

minate the ground, an investigation of mineral acids extraction from solutions

after raw phosphate decomposition, was carried out. On the basis of many experi

ments a choice of a suitable organic extragent was made, so that nitric and phos

phoric acids are transferred into the organic phase and calcium nitrate into the

aqueous phase. In this work the re-extraction process of mineral acids into the

water phase has been avoided, and their direct neutralization by gaseous ammonia

in the organic phase has been carried out. The mono- and di-ammonium phosphates

and ammonium nitrate obtained, are suitable for use in mineral fertilizer technology.

1-25. KINETICS OF THE IV—III CRYSTAL TRANSFORMATION OF

AMMONIUM NITRATE IN LIME AMMONIUM NITRATE

G. Rasulic

Chemical Industry „Pan£evo", Pancevo

In the manufacture of nitrogen fertilizers in most European countries, lime

ammonium nitrate is used instead of technical ammonium nitrate, which is ob

tained by introducing ground limestone into the ammonium nitrate melt. The

subject of our investigations has been the influence of limestone, that is calcium

carbonate, on the ammonium nitrate crystal transformation IV—III into lime

ammonium nitrate. The investigations were carried out on a derivatograph. Kinetic

parameters of the crystal transformation were calculated from the DTA curves

by applying various procedures. In order to explain the influence of the introduced

limestone, investigations were carried out on lime ammonium nitrate samples,

obtained in laboratory by mixing reagent grade calcium carbonate and ground

limestone respectively with the ammonium nitrate melt. The results obtained

were compared with the results for pure ammonium nitrate, which had previously

been subjected to the same temperature treatment as well as for lime ammonium

nitrate samples from the industrial plant.
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1-26. INFLUENCE OF CONDITIONS OF DETERMINATION ON THE

OBTAINED VALUES OF CRITICAL RELATIVE HUMIDITY OF

MINERAL FERTILIZERS

N. Milosev and G. Rasulic

Chemical Industry „Pandevo", Panlevo

Hygroscopicity is know as a negative characteristic of mineral fertilizers,

which hinders storage, transportation and application of these materials. Due

to this, great attention has been paid to hygroscopicity research work. The fertilizer

hygroscopicity is characterized by the hygroscopic point i. e. the critical relative

humidity for a fixed temperature and by the absorption rate. There are no standard

methods for their determination. A method suitable for the fertilizer industry

should enable both simultaneous and rapid processing of many samples. Our

investigations were aimed to define the mineral fertilizer hygroscopicity determina

tion conditions that provide the set requirements. The absorption rate of water

vapor was determined at static and dynamic conditions. The time necessary for

establishing the equilibria in these conditions for different fertilizers was investi

gated in order to define the conditions for hygroscopic point determination on

the basis of the results obtained. The influence of the mineral fertilizer initial

water content and the influence of the chemical composition on their hygrosco

picity were investigated.
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D-l. OXIDATION OF cis- AND trans-2-CYCLOHEXYLCYCLOHEXANOL

BY MEANS OF LEAD TETRAACETATE

M. Lj. Mihailovic, R. Markovil and A. Milovanovic

Faculty of Science, Belgrade University, and Institute of Chemistry, Technology and

Metallurgy, Belgrade

In the course of our studies of the mechanisms of cyclization of alicyclic

alcohols by means of lead tetraacetate, it was necessary to investigate the behaviour

of cis- and trans-2-cyclohexyIcyclohexanol, and therefore these two alcohols were

synthesized. It was found that in the lead tetraacetate reaction both the cis- 3nd

the trans-alcohol afford two diastereomeric tricyclic ethers, whereby, because of

more favourable conformational factors, the trans-alcohol cyclizes in a higher

yield (39%) than the m-isomer (12%). In addition to cyclic ethers, both alcohols

give, in different yield, 2-cyclohexylcyclohexanone and the corresponding acetate

esters.

II-2. OXIDATIVE CYCLIZATION OF

a-METHYLCYCLOHEXANEETHANOL BY MEANS OF LEAD

TETRAACETATE

M. Lj. Mihailovic, V. Andrejevic, S. Milosavljevid and S. Gojkovic'

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

In continuation of our studies of the reaction course of oxidative cyclizations,

we have now investigated the lead tetraacetate oxidation of the secondary a-methyl-

cyclohexaneethanol. By using preparative gas chromatography, four diastereomeric

cyclic ethers of the tetrahydrofuran type have been isolated (in a total yield of

about 52%). The relative configurations and the favoured conformations of these

ether compounds were determined on the basis of the chemical shifts and coupling

constants observed in their *H 360 MHz NMR spectra.
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n-3. SYNTHESIS AND CYCLIZATION REACTIONS OF

4-METHYL-3-PENTEN- 1-OL

M. Lj. Mihailovic and D. Marinkovid

Faculty of Science, Belgrade University, and Institute of Chemistry, Technology and

Metallurgy, Belgrade

The olcfinic alcohol 4-methyl-3-penten-l-ol was synthetized and its reactions

with reagents which are known to effect intramolecular ring closure were investi

gated. In all the studied reactions (with sulphuric acid, mercuric acetate and sodium

borohydride, N-bromosuccinimide and 3-chloroperbenzoic acid), as the sole reac

tion product, the corresponding five-membered tetrahydrofuran-type cyclic ether

was obtained, i. e. 2,2-dimethyltetrahydrofuran (in the acid-catalysed and oxy-

mercuration-demercuration reactions), 3-bromo-2,2-dimethyltetrahydrofuran(in the

reaction with the halogen-donor reagent), and 2,2-dimethyltetrahydrofuran-3-ol(in

the epoxidation reaction with peracid).

U-4. THE REDUCTIVE OPENING OF 1,2-EPOXYCYCLOOCTANE

V. Andrejevic, M. M. Mihailovic, M. Bjelakovic",J. Milovanovic, M. Lj. Mihailovic

Faculty of Science, Belgrade University, Belgrade, Faculty of Science, Kragujevac

University, Kragujevac, and Institute of Chemistry, Technology and Metallurgy,

Belgrade

In the opening of the oxirane ring of 1,2-epoxycyclooctane with aluminium

trichloride and mixtures of aluminium trichloride + lithium aluminium hydride,

the following was observed: (1) the rate of opening of the three-membered epoxide

ring increases with the quantity of aluminium trichloride present in the reaction

mixture; (2) the compounds obtained as reaction products are: cyclooctene, cyclo-

octanone, cyclooctanol, 3-cycloocten-l-ol, 4-cycloocten-l-ol, 7-octen-l-ol, 3-chloro-

cyclooctanol (in which the position of the chlorine atom and the stereochemistry

have not as yet been established with certainty); and (3) the yields and relative

distribution of products obtained depend upon the ratio of reactants used in these

reactions.

H-5. KINETICS AND MECHANISM OF THE REACTION OF

SYMMETRICAL AND UNSYMMETRICAL 1,3-DI KETONES

WITH CYANOACETAMIDE. 3. EFFECT OF CATALYSTS.

Misic-Vukovic, Z. Micic, V. Totovic and M. Radojkovic-Velickovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

In continuation of previous investigations of the synthesis of 3-cyano-4,6-dial-

kyl-2-pyridones with cyanoacetamide, the effect of catalysts on the rate and me

chanism of the reaction was investigated. On the basis of the obtained experimental

data, the influence of catalysts on the form of both reactants and products was
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discussed, on their equilibrium, and on the overall mechanism. The measured

reaction constants show that the mechanism is essentially as previously proposed.

H-6. REACTION OF SUBSTITUTED PYRIDINE CARBOXYLIC ACIDS

WITH DIAZODIPHENYLMETHANE IN DIMETHYLFORMAMIDE

M. Radojkovic*-Veli£kovid, S. Momcilovic and M. MiSic-Vukovic

Faculty of Technology and Metallurgy, Belgrade, University Belgrade

Kinetics of the reaction of substituted pyridine carboxylic acids with dia-

zodiphenylmethane has been investigated using dimethylformamide as a solvent.

The application of the linear free energy relationship yielded two regression lines

with similar p values but different log ko for electron donor and electron acceptor

substituents. The mechanism of the reaction was discussed in the context of the

type of substitution and the relative ratio of the nucleophilic and electrophylic

solvation effects.

II-7. LEAD TETRAACETATE OXIDATION OF

5a-CHOLEST-6-ENE-3p,5,8a-TRIOL 3-ACETATE

Lj. Lorenc, M. Dabovic", G. Pavlovic and M. Lj. Mihailovic

Faculty of Science, Belgrade University, Belgrade and Institute of Chemistry,

Technology and Metallurgy, Belgrade

In this work thermal lead tetraacetate oxidation of the 5<x-cholest-6-ene-3(3,

5,8a-triol 3-acetate has been investigated. It was found that the main reaction

products are the isomeric acetoxy epoxides, i. e. 5,6a-epoxy-5a-cholest-7-ene-3[},

9a-diol diacetate and 5,6a-epoxy-5a-cholest-7-ene-3(i,14a-diol diacetate (isolated in

19.5% and 14.5% yields, respectively), and also 5a-cholest-7-ene-3(3,5,6a-triol

3,6-diacetate (obtained in 29% yield), indicating that the reaction is taking place

by the intermediacy of the C(8)-carbenium ion. These results will be discussed.

n-8. THE EFFECT OF PYRIDINE NITROGEN ON THE ALKALINE

HYDROLYSIS OF PYRIDINEACETIC ACID METHLYLESTERS

M. Misic-Vukovic, B. Jovanovic, J. Bjelic and J. Dimitrijevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The inductive effect on the pyridine nucleus has been studied by the investi

gation of the alkaline hydrolysis of pyridineacetic acid methylesters. The calcula

ted a0 constants are used for the estimation of the nitrogen atom influence on the

reactivity of the carboxylic groups in different positions of the nucleus.
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INVESTIGATION OF THE ACTIVITY OF CATALYSTS FOR

ACETYLENE HYDROGENATION

O. Sipovac, Lj. Vojvodic and M. Stefanovic

Chemical Industry „Pancevo", Panfevo

Acetylene hydrogenation on a commercial Pd-based catalyst, in a laboratory

reactor at atmospheric pressure of plant process gas, was investigated. The acetylene

concentration ranged from 0.006 to 0.6 vol. %. The contents of CH4, CaHe and

Hi were determined by gas chromatography.

H-10. THE STRUCTURE OF A GLUCAN ISOLATED FROM THE EDIBLE

MUSHROOM Agaricus bisporus (L) Sing. S-56

M. Hranisavljevic-Jakovljevic, J. Miljkovic-Stojanovic and V. Grgur

Faculty of Science, Belgrade University, Belgrade and Institute of Chemistry,

Technology, and Metallurgy, Belgrade

The composition of polysaccharides isolated from the edible mushroom Aga

ricus bisporus (L) Sing. S-56, 1 2 well as the structure of one ofthem were investigated.

It was found that the polysaccharide mixture contains at least theree polysaccha

rides: one glucan and two heteroglycans. The glucan consists of a chain containing

90°o (1 -^-linked p-D-glucopyranoses with 10% of the units substituted in

the position 0—4, and 10% of (l->3)-linked p-D-glucopyranose units.

U-ll. TEST OF THE RULES FOR PREDICTION OF THE STABILITY

OF HYDROCARBON ISOMERS

I. Gutman and I. Juranlc

Faculty of Science, Kragujevac University, Kragujevac, and Faculty of Science,

Vfelgrade University, Belgrade

Recently Kruszewsky (Pure Appl. Chem 55 ( 1 980) 1 525) has reported empirical

rules for predicting the stability of isomeric cyclic conjugated hydrocarbons. Sub

sequently these rules were proved in the frame of the topological theory of conju

gated molecules, and also, it was pointed out that the Kruszewsky rules might

fail for molecules containing larger 4/i-membered rings (Z.Naturforsch 55a (1980)

820—2). In the present work the Kruszewsky rules were verified on different

molecules. It is found that for the smallest (4-membered) rings the rules hold (at least

tor our examples), while for large ones, in accordance with prediction, the rules fail.
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11-12. TOPOLOGICAL RULES FOR ^-ELECTRON CHARGE

DISTRIBUTION IN ALTERNANT CONJUGATED MOLECULES WITH

ONE HETEROATOM

I. Gutman

Faculty of Science, Kragujevac University, Kragujevac

In this work we examined alternant conjugated molecules with one hetero-

atom (Ai molecules) . According to the well-known law of alternating polarity (Coulson

and Longuet-Higgins, 1947), the u-electron charges of two adjacent atoms in

an Ai molecule always have opposite signs. This rule is now proved using the

graph theory. The ^-electron charge of the atom r of an Ai molecule can be con

sidered as being induced by the heteroatom. The charge is transmitted from the

heteroatom through all paths which connect the atom r and the heteroatom. Each

path between the heteroatom and the atom r transmits a certain fraction of the

total charge of the atom r. These fractions have been calculated for a number

of Ai compounds.

H-13. CORRELATION BETWEEN THE RESONANCE ENERGY AND THE

ELECTRONIC SPECTRA OF BENZENOID HYDROCARBONS

I. Gutman

Faculty of Science, Kragujevac University, Kragujevac

A good linear correlation is found between the p-band frequency and the

topological resonance energy (TRE) of benzenoid hydrocarbons. A similar correla

tion also exists between the (experimental) ionization potentials and TRE. Some

other correlations between TRE and spectroscopic data will be reported. These

results indicate that TRE is not only a measure for the extra thermodynamic sta

bilization due to cyclic conjugation in aromatic compounds, but is also related

to other measurable physical quantities.

11-14. STEROLS FROM THE MARINE SPONGE CHONDROSIA

RENIFORMIS

Z. Kljajic and M. J. Ga§ic

Institute of Biological and Medicial Research of Montenegro, Kotor, and Faculty

of Science, Belgrade University, Belgrade

Chondrosia renifortnis (Desmospongia, Chondrosida) is a marine sponge, fairly

abundant in the Adriatic sea. By the usual procedure, from the lipid extract, the

sterol fraction was isolated in a higher yieled than from other related species. The

composition of the sterol fraction in which 17 components were identified (GC/MS

analysis) is discussed.
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n-15. LAVENDER OIL FROM DIFFERENT LOCATIONS

IN YUGOSLAVIA

§. Darmati, M. J. GaSic and L. Marinkovic

Institute of Chemistry, Technology and Metallurgy, Belgrade, and Chemical Industry

„Merima", Krusevac

The quality of lavender oil from different locations in Yugoslavia was in

vestigated by standard methods and by gas chromatography. Oil samples were

subjected to chemical modification to achieve optimum quality.

11-16. COVALENT BONDING OF GLUCOISOMERASE TO

MODIFIED CELLULOSE

D. Petrovic and B. Barl

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

The possibility of covaltnt bonding of glucoisomerase to a matrix consisting

of chemically modified cellulose was studied. In one series of experiments the

enzyme was linked to the matrix via the C-terminal of the protein and in another

via the N-terminal. In the first case the cellulose matrix exposed free NH2- and

in the second free HOOC-groups; the covalent bonding was achieved with the

aid of corresponding carbodiimides. The active immobilized enzyme preparations

thus obtained were studied under various conditions with a glucose substrate.

II-17. CHANGES IN DISSOLVING PULP FINE STRUCTURE CAUSED

BY ALKALINE TREATMENT CONDITIONS

Lj. Majdanac and M. Teodorovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Both the process of the intrafibrillar swelling of cellulose and the change

in crystal lattice take place in caustic soda solutions of particular concentration.

An increase in accessibility, as well as the mass transfer occurring in the course

of numerous processes of obtaining cellulose derivatives, result from treatment

with concentrated aqueous alkali. In this work changes in fine cellulose structure

occurring during alkaline treatment and depolymerization of alkali cellulose in

a 21% solution of caustic soda in the temperature range 35—65°C, were investi

gated. Transformation of cellulose I to cellulose II, as well as changes both in

the strength and participation of hydrogen bonds were followed by infrared spectra.

The crystallinity index and crystallite dimensions were determined from X-ray

diffractograms.
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11-18. PHYSIOLOGICALLY ACTIVE CONSTITUENTS IN THE ORGANIC

SUBSTANCE OF ANCIENT SEDIMENTS

M. Saban, M. M. Vrvic, S. Milenkovic, J. Vucetic and D. Vitorovic

Faculty of Science, Belgrade University, Belgrade, and Institute of Chemistry,

Technology and Metallurgy, Belgrade

An investigation was carried out of the antimicrobial effect of the polar

ractions of bitumens from two ancient sediments, by using an antibiogram method.

The polar fractions of the bitumens were isolated from two sediments differing

in origin, age and content of organic matter, i.e.from Aleksinac and Kimmeridge

shales. Twenty-two fractions were isolated from the Aleksinac shale and 25 frac

tions from the Kimmeridge shale. Species of bacteria, yeasts and moulds were

used as test-microorganisms. Most of isolated fractions showed bacteriostatic as

well as bactericidal effects on the following test bacteria: E. coli, S. aureus and

Str. griseus. However, not a single fraction showed antimicrobial effects on yeasts

and moulds. The relationship was discussed between the composition of the frac

tions, as determined on the basis of IR spectra, and their physiological activity.

11-19. INVESTIGATION OF THE ISOELECTRIC MOMENT AND

CONTENT OF FUNCTIONAL GROUPS OF HUMIC ACIDS

P. Petrovic

Faculty of Science, Kosovo University, Prtftina

The isoelectric moment and content of functional groups of humic acids

isolated from raw Kosovo lignite and samples of this lignite oxidized by air, hydro

gen peroxide or lignite and air-oxidized lignite show lesser resistance to the action

of electrolytes (calcium chloride) than humic acids isolated from the samples of

lignite oxidized by solutions of hydrogen peroxide and nitric acid. By the content

of carboxyl and hydroxyl groups of the tested humic acids, they show similarities

to humic acids of humic clay soil and certain humus and silicate soils of SR Serbia.

11-20. SOLUBILITY PARAMETERS OF POLY(TOLYL-) AND

POLY(ETHYLPHENYLMETHACRYLATES)

J. S. Velickovic and D. M. Petrovic-Dakov

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The solubility parameters of poly (m,o,p-tolyl-) and poly(m,o,/>-ethylphenyl-

methacrylates) were determined from limiting viscosity numbers in various organic

solvents and their mixtures. The solvents used differ in structure and polarity

and comprise hydrocarbons and chlorine- as well as oxygen-containing compounds.

The values obtained show that the increasing paraffinic character of the polymers
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causes a slight decrease of the solubility parameter. The influence of the position

of the alkyl residue (m,o,p) is rather negligible. The experimental values differ

to a certain degree from the Sp values calculated from polymer densities and molar

attraction constants.

H-21. RADIATION INDUCED VISCOELASTIC PROPERTIES IN

POLYOLEFIN MELTS

V. Markov ic, O. Gal and D. Babic"

Boris Kidric Institute of Nuclear Sciences, Belgrade

Polyethylene and its copolymers primarly crosslink on irradiation. The effect

of irradiation is most pronounced on mechanical and viscoelastic properties above

the melting temperature. Tensile strength and creep measurements were used in

this work, to characterize radiation induced viscoelastic properties of low density

polyethylene and some copolymers in amorphous state. Measurements of the gel

ractions and gel doses are also presented.

n-22. RESIDUE FROM THE ATMOSPHERIC DISTILLATION OF CRUDE

OIL — THE RAW MATERIAL FOR THE PRODUCTION OF EXTENDER

AND PROCESSING OILS

D. Skala, Lj. Vrhovac, M. Gologlavic-Kolb, M. Milosevic and Z. Tahar-Cherif

Faculty of Technology and Metallurgy, Belgrade University, Belgrade and Refinery

„Beograd", Belgrade

The vacuum distillation of the residue from atmospheric distillation of crude

oil was performed for the manufacturing of extender and processing iols for the

rubber industry. The results of the characterization of the heavy fraction of vacuum

distillation show that some of them have appropriate properties for further cleaning

and preparation of different types of processing oils. The heavy fraction has ap

proximately 20% by weight of aromatic compounds, and the remainder arc naph-

thenic and paraffinic compounds. That means that domestic crude oil and an

appropriate residue from atmospheric distillation (oil type „Velebit" from Banat

fields) could mainly be used for naphthenic type oil production. In order to eli

minate most of the aromatic compounds from the heavy fraction in the cleaninig

process, two methods were used: extraction with furfural and hydrogenation with

different catalysts (Raney-Ni, Co-Mo, Pt on carbon) and also a combination of

extraction and further hydrotreating under mild conditions. All characteristics of

the prepared oils are in agreement with the properties of commercial processing

oil (naphthenic type) and were used for further investigation in different rubber

compositions.
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II-23. RESIDUE FROM THE ATMOSPHERIC DISTILLATION OF CRUDE

OIL — THE RAW MATERIAL FOR THE PRODUCTION OF

ELECTROINSULATION OILS

D. Skala, M. Basitl and J. A. Jovanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Vacuum distillations of the crude oil residue from atmospheric distillation

were performed for the manufacture of electroinsulation oil. The results of the

specific characterization of the light fraction from vacuum distillation show that

some of them could be used as raw materials provided further cleaning by two

methods was performed, i. e. extraction and/or hydrogenation. In the first case

furfural was applied as an extraction solvent and in the second the Raney — Ni

catalyst was used in the process of hydrotreating. The result of these investigations

show that the vacuum distillation of the residue from atmospheric distillation of

domestic crude oil from Banat fields („Velebit") give successful properties which

satisfy the necessary requirements for electroinsulation oil. Furthermore, labora

tory and semi-industrial scale prepared synthetic electroinsulation oils were used

for making different compositions of S : N (synthetic — natural) oils. These mixtures

have good compatibility and give better results for their application as electro

insulation oils.

II-24. CHEMICAL COMPOSITION OF THE ESSENTIAL OIL FROM

SATUREA HORTENSIS L.

R. M. Palii and M. J. Gasic

Faculty of Science, Kosovo University, Prikina, and Faculty of Science, Belgrade

University, Belgrade

The composition of the essential oil from S. hortetisis L. was investigated

by gas chromatography so that 16 components (out of 27) were identified and

their relative ratios estabilished; y-terpinene (37.0%) and carvacrol (51.3%) were

found to be the main constituents. Also, a parallel investigation of the hydrocarbon

fraction from 5. hortensis L. and some of the Saturea species was carried out.

II-25. SYNTHESIS AND STABILITY

OF BIS(N,N-DIALKYL-N'-PHENYLUREIDO) DIMETHYLSILANE

P. R. Dvornic

Institute of Cliemistry, Technology and Metallurgy, Belgrade

The synthesis of 6«(l,l-tetramethylene-3-phenylureido)dimethylsilane from

pyrrolidine, dimethyldichlorosilane and phenyl isocyanate was investigated in de

tail. This compound is of importance as a difuctional monomer for controlled

introduction of dimethylsilyl group into the macromolecular chain backbone. The
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*H NA1R method was developed to investigate the purity of the product. It was

noticed that it was not possible to prepare sufficiently pure Ws-ureidosilane by

this synthetic procedure at temperatures above 0°C. The product was always

contaminated by l,l-tetramethylene-3-phenylurea which might have been formed

by its hydrolysis. All attempts to purify urea-contaminated fos-ureidosilane proved

to be neither efficient nor practical. Thus, the effect of the temperature of the

insertion reaction of phenyl isocyanate into the silyldiamine precursor on the purity

of the product was investigated. The results showed that at temperatures below

—20°C Ws-ureidosilane with purity exceeding 99% was obtained. 1H NMR spectro

scopy was also used to investigate the stability of the compound under different

storage conditions. The results obtained showed rather limited stability such

that decomposition occurred in air and nitrogen at temperatures between —20°C

and 25°C according to the first order kinetic law with activation energy of about

1 1 kj/mol in nitrogen.



III. PHYSICAL CHEMISTRY

III-l. MASS SPECTROMETRIC STUDIES OF RARE GASES USING A

TROCHOIDAL ELECTRON MONOCHROMATOR AND THE INVERSE

CONVOLUTION METHOD

M. Veljkovid, O. Neskovic, M. B. Miletic, D. Golobocanin and K. F. Zmbov

Boris Kidric Institute of Nuclear Sciences, Belgrade

The single and multiple ionization of Ar, Kr, Xe and Ne atoms was investi

gated in the region near the ionization threshold both by the inverse convolution

method and a trochoidal electron monochromator. Many structures due to auto-

ionization were found on the ionization efficiency curves. The energy values of

the structures were compared with the results from photon impact, spectroscopic

studies and with the calculated values for the excited levels ofthe investigated species.

III-2. IONIZATION AND FRAGMENTATION OF PHOSPHORUS

OXYFLUORIDE BY ELECTRON IMPACT

O. Ne(3kovi<5, M. B. Miletic, M. Veljkovic, D. Golobocanin and K. F. Zmbov

Boris Kidrit Institute of Nuclear Sciences, Belgrade

Relative intensities and appearance potentials of positive ions in the mass

spectrum of POF3 are reported. Probable ion fragmentation pathways are proposed

together with heats of formation of some positive ions, and ionization potentials

for POF2 and POF. The results are compared with available data for other group

V oxyhalides, corresponding spectroscopic values and with data from theoretical

calculations.

III-3. MASS SPRECTROMETIC ANALYSIS OF THE PLASMA COMPO

SITION OF A D. C. ARC BURNING IN PRESENCE OF ETHANOL

G. Vuksan, N. Ikonomov, N. Kovacic and M. Todorovic

Faculty of Science, Belgrade University, Belgrade

The plasma composition of a vertical d. c. arc burning in the presence of

ethanol under normal pressure has been analyzed. Mass spectrometric data indi
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cated the presenae of C2H2 and H» among others. Taking into account certain

chemical reactions between C and H, the ratio of partial pressures of C2H2 and

H2 was calculated. On the basis of the experimentally determined partial pressures

of C2H2 and H2, and the theoretically calculated ratio of C2H2 and H2, a mean tem

perature of the analyzed sample of the plasma was determined.

m-4. 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+ repre

sents a monatomic ion formed in the ion source of a mass 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, halo

gens, 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

n many cases, pointing to the fact that these reactions can be used for determining

the energy profile of the ion beam.

III-5. i3C NMR SPECTRA OF CYCLIC KETONES:

CYCLOPENTADECANONE

D. Jeremic, M. Lj. Mihailovic and S. Milosavljevic"

Faculty of Science, Belgrade University, Belgrade and Institute of Chemistry, Technology

and Metallurgy, Belgrade

In the course of studies concerning the mechanism of ketone formation in

the lead-tetraacetate oxidation of secondary alcohols, the oxidation of 1-deuterio-

-cyclopentadecanone was carried out in benzene under thermal (80°) and photo-

lytic (20°, UV irradiation) conditions. Mass spectra of ketones isolated from the

reaction mixtures, using preparative gas chromatography, revealed the formation

of a monodeuterio ketone in a considerable extent, i. e. 42 and 67% in the

thermal and photolytic reaction, respectively. In order to determine the deuterium

labelling site(s) in these ketones, 13C NMR spectroscopy was applied. The deute

rium induced 13C isotope shifts and 13C-2H couplings measured in the spectra

of the ketonic products, as well as in those of the specifically labelled analogues

(». e. 2-2H-, 6-2H- and 2,2,15-2H4-cyclopentadecanones) unambiguously demonstra

ted C(6) as the exclusive deuteriation site.
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III-6. ANALYSIS OF THE VIBRATIONAL SPECTRUM OF METHANE

D. Z. Markovic, S. R. Stojkovic and S. V. Ribnikar

Faculty of Science, Belgrade University, Belgrade

From literature and recorded data of infrared and Raman spectra of gaseous,

dissolved and liquid methane, sets of anharmonicity constants of CH4 were derived.

According to calculated spectra, new assignments for some bands in the near

infrared are proposed.

III-7. A STUDY OF FAUJASITE TYPE ZEOLITES BY IR SPECTROSCOPY

V. Radak, U. Mioc and T. Ceranic

Faculty of Science, Belgrade University, Belgrade

In the IR spectra of bivalent metal containing X zeolites at ambient tempera

ture some differences from the original zeolite are observed such as the change

of intensity and position of the absorption bands. Particular attention has been

paid to the appearance of new bands in the range from 1700—1300 cm-1. The

intense bands are assigned to carbonate species formed from the adsorbed atmos

pheric CO2. The changes, in the mentioned IR range, taking place by heating

the samples from ambient temperature to 673 K, are followed. The dependence

of the band frequency on the properties of the exchanged cations has been noticed.

Based on the assigned bands the sites of the exchanged cations in the zeolites are

proposed.

III-8. DEPENDENCE OF THE CHANGE IN SPECTRAL LINES AND BAND

INTENSITIES OF Ca IN THE PRESENCE OF FLUORINE UPON THEIR

EXCITATION POTENTIAL

J. Radic-Periii

Faculty of Science, Belgrade University, Belgrade

The influence of the change in the temperature distribution and the plasma

composition in a dc arc freely burning in air, due to the presence of fluorine, on

the intensities of the spectral lines of Ca, Ca+ and CaO bands was investigated.

The temperature distributions, determined experimentally using a pair of Zn-spec-

tral lines, were combined with the calculations of the plasma composition assuming

the LTE. Special attention was paid to the dependence of the change in spectral

lines and band intensities upon their excitation potentials.



C 161

IH-9. INTERPRETATION OF THE ELECTRONIC SPECTRUM OF BH2

ON THE BASIS OF AB INITIO CALCULATIONS

M. Peric and M. Krmar

Faculty of Science, Belgrade University, Belgrade

The potential surfaces for the two lowest lying electronic states of the BH2

radical were obtained. These surfaces were used for calculation of the vibrational

energies and wavefunctions. Special attention was paid to the interaction between

the electronic and vibrational motions (Renner-Teller effect). The results of cal

culations enable the interpretation of the experimentally obtained spectrum. A

reassignment of the observed bands is suggested.

in-10. THEORETICAL TREATMENT OF BENDING VIBRATIONS IN

TRIATOMIC MOLECULES

M. Krmar and M. Peric

Faculty of Science, Belgrade University, Belgrade

In this work a method for theoretical treatment of the large-amplitude bending

vibrations is developed. The kinetic and potential energy operators are developed

in Maclaurin series and the vibrational energies and wavefunctions are calculated

using the variational method. Various forms of the kinetic energy operator are

compared.

m-11. A NEW METHOD FOR COMPUTATION OF IONIZATION

EFFICIENCY CURVE PARAMETERS

D. Golobocanin, O. NeSkovic, K. Zmbov, M. Veljkovic and M. Miletic

Boris Kidri£ Institute of Nuclear Sciences, Belgrade

A new procedure for estimation of ionization efficiency curve parameters

was developed by combination of two well known methods: EDD and STS.The

Monte Carlo method has been employed for precise computations. The procedure

was successfully used for calculations of appearance potentials of ions of noble gases.

ni-12. CALCULATION OF CHARACTERISTIC VOLUMES OF MATTER

BY THE ADVANCED SAVIC-KASANIN THEORY

D. Stoiljkovi<5 and S. M. Jovanovic

Faculty of Technology, Novi Sad University, and Faculty of Technology

and Metallurgy, Belgrade University, Belgrade

A survey of the published experimental data about the characteristic volumes

of matter (critical volume Vc, hard sphere voume bo, covolume b, volume of the
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solid phase in the triple point Vt,a and volume at absolute zero Vo) has shown

that there exists a definite relation between these volumes. Such a relation can

be explained by the Savic-Kasanin theory. A method is developed for the calcula

tion of the characteristic volumes.

IH-13. ON THE ZELDOVICH CORRECTION FACTOR IN THE RATE OF

NUCLEATION EXPRESSION

The Zeldovich correction factor in the expression for the rate of nucleation,

calculated for different kinetic models of vapour condensation, is discussed.

ffl-14. STUDY OF HETEROGENEOUS EQUILIBRIA BETWEEN

SPARINGLY SOLUBLE DIPROTIC ACIDS AND THEIR STAURATED

SOLUTIONS

Faculty of Science and Faculty of Pharmacy, Belgrade University, Belgrade

Heterogeneous equilibria in systems containing sparingly soluble diprotic

acids (H2A) and their saturated solutions have been investigated:

The investigated systems contained: 1,2-benzenedicarboxylic acid, 1,3-benzenedi-

carboxylic acid, 1,4-benzenedicarboxylic acid and octanedioic acid. For the deter

mination of the corresponding equilibrium constants three independent methods,

described earlier, have been used: the formation function method, a method based

on the determination of the protons bound to the acid in solution, and the solu

bility method. The results obtained by different methods were in agreement. Be

sides, on the basis of thz equilibrium constants determined in the heterogeneous

systems, the acid dissocial ion constants of the investigated acids have been cal

culated. The calculated values were in accordance with those obtained by pH-metric

titration in homogeneous solutions by the Rossotti-Rossotti method.

111-15. GAS-LIQUID CHROMATOGRAPHIC STUDY OF INTERACTIONS

IN CYCLOHEXYLFORMAMIDE SOLUTIONS

Lj. Kolar-Anid and R. Balescu

Faculty of Science, Belgrade University, Belgrade, and Faculty

of Science, Bruxelles

T. J. Janjic, M. B. Pasulj and L. B. Pfendt

(H2A)s+2 H20^2 HsO++A2-

(H2A)s+H2O^H30++HA-

(HzA^HzA

 

A. Nikolid, N. Kobilarov and A. Brzic

Faculty of Science, Novi Sad, University, Novi Sad

The behavior of a series of hidrocarbons and their chlorinated derivatives

in N-cyclohexylformamide as the stationary phase was studied by gas-liquid chro
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matography. The activity coefficients at infinite dilution were obtained for several

temperatures. Thermodynamic parameters of the solution, HB and Ss, as well

as the excess parameters Ge, He and Se were determined. Interactions in the in

vestigated solutions were considered using experimentally obtained parameters.

ffl-16. MELTING AND CRYSTALLIZATION OF IRRADIATED

POLY-1-BUTENE, MODIFICATION I

V. Markovic, A. Safranj and J. Silverman

Boris Kidrif Institute of Nuclear Sciences, Belgrade, and Institute of Physical Science

and Technology, University of Maryland, USA

Thermodynamically unstable modification II is formed when poly-l-butene

is crystallized from melt. In solid state, at room temperature the crystal-crystal

transformation takes place and the stable modification I is formed. The PIB samples

in the crystalline modification I were irradiated by gamma rays. The melting and

crystallization behavior, density, IR spectra and gel formation were determined

at different absorbed doses up to about 1000 kGy. It is shown that the rate of

crystal-crystal transformation is faster in irradiated samples than in non-irradia

ted ones.

111-17. Fe(III)-TETRACYCLINE COMPLEX COMPOUNDS

D. Veselinovic and M. Jelikid

Faculty of Science and Faculty of Pharmacy, Belgrade University,

Belgrade

By applying the methods of Job and Bent-French and the method of molar

ratios, and using spectrophotometric measurements, it was found that Fe(III) and

tetracycline form in acid medium (pH about 2.0) a complex of the ratio 1:1,

[(C2zHs4N208H+)Fe+3]4+. The complex composition was proved by measuring the

pH of the solution according to the Job method. The stability constant was de

termined by using the Job and Bent-French methods.

in-18. THE VAPOUR PRESSURE ISOTOPE EFFECT OF ACETALDEHYDE

Lj. Petkovska, O. Neskovic and J. Pupezin

Boris Kidrit Institute of Nuclear Sciences, Belgrade

High precision measurements of the acetaldchyde vapour pressure were

carried out in the temperature range between 201 and 249 K and of the vapour

pressure differences CH3CHO — CH3CDO, CH3CHO — CD3CDO, CH3CHO —

— CDsCHO in the temperature range between 203 and 290 K. The experimental

data of the vapour pressure of CH3CHO are least-squared to the Antoinc equation

log P=9.391 + 11 53.7/(243.62+0- The data of the vapour pressure differences
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between CHsCHO and its isotope species show that the vapour pressures of

CHsCDO and CD3CDO are lower, and the vapour pressure of CD3CHO is higher

than the vapour pressure of CH3CHO. Equations, that represent vapour pressure

ratios of the isotope species and CH3CHO are respectively: ln(/>D/pH)=- —3.780/T

— 1825.02/72, ln(pD//>H)=5.037/r-2903.92/r2, ln(pD/pH)=—8.531 + 1228.13/T2.

in-19. HEAT OF IMMERSION OF QUARTZ SAND, BENTONITE AND

THEIR MIXTURES

S. Milonjic", V. Pavasovic and G. Kanevce

Boris Kidri6 Institute of Nuclear Sciences, Belgrade

The heats of immersion of quartz sand, bentonite and their mixtures were

measured in both aqueous and organic solvents at 798 K, using a differential

isothermal calorimeter. The results obtained were correlated with the initial solid

mixture humidity.



IV. ELECTROCHEMISTRY

IV-1. MECHANISM AND KINETICS OF THE ELECTROCHEMICAL

DISSOLUTION OF CHALCOPYRITE IN HYDROCHLORIC ACID

MEDIA

Z. D. Stankovic

Technical Faculty, Belgrade University, Bor

Using galvanostatic and chronopotentiometric methods, the kinetics and

mechanism of the electrochemical dissolution of chalcopyrite in hydrochloric acid

solutions were investigated. The dependence of the steady state potential of the

chalcopyrite electrode on different ions in the hydrochloric acid media was also

obtained.

IV-2. ANODIC BEHAVIOUR OF CHALCOCITE IN HYDROCHLORIC

ACID SOLUTIONS

V. Zlatkovic

Technical Faculty, Belgrade University, Bor

The anodic behaviour of chalcocite in hydrochloric acid solutions was in

vestigated. The rate of anodic dissolution of chalcocite depends on Cu++ ion con

centration, and the Tafel slopes are about 120 mV. It is shown that the rest poten

tial of chalcocite depends on the activity of Cu++ ions in the solution.

IV-3. ANODIC PROCESSES ON IRON IN ALKALINE SOLUTIONS

D. M. Drazic and Chen Shen Hao

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Institute

of Chemistry, Technology and Metallurgy, Belgrade

The anodic dissolution of iron was experimentally investigated in the active

range of potentials for different concentrations of KOH (0.05—5 M). By cathodic

pre-polarizations with ca. 2 mA/cm2, good reproducibility of measurements was
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achieved. They gave as diagnostic criteria for the mechanistic analysis of the anodic

reaction the following: anodic Tafel slope of 60 mV/dec and reaction order woh~=1-

The probable reaction mechanisms of this anodic reaction were analysed.

IV-4. EFFECT OF CHLORIDE IONS ON ANODIC DISSOLUTION OF

ALUMINIUM

Lj. Atanasoska, A. R. Despic and D. M. Drazic

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, Belgrade,

and Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Impedance of high-purity aluminium immersed into sodium chloride solu

tions of different concentrations has been measured as a function of current density

of anodic dissolution. If was established that in concentrated salt solutions the

impedance can be interpreted in terms of a simple Randies equivalent circuit,

whose dependence on current density points to an activation controlled dissolution

process. In dilute solutions, however, a distortion of the complex plane impedances

diagram indicates the operation of a complex dissolution mechanism.

IV-5. ELECTROCHEMICAL CHARACTERISTICS AND THE STRUCTURE

OF Ru02 — Ti02 COATINGS IN CHLORIDE SOLUTIONS. THE IN

FLUENCE OF FIRING TEMPERATURE AND COATING

QUANTITY

N. V. Krstajic, M. D. Spasojevic, M. J. Sljukic and R. T. Atanasoski

Institute of Chemistry, Technology and Metallurgy, Belgrade, and Faculty

of Metallurgy, Titograd University, Titograd

We have previously reported thit the optimal Ru02 — Ti02 coating composi

tion is 40:60% mol. In this work, the determination of the quantity of the rutile

phase through diffractograms, the surface properties through cyclic voltammograms,

and the electrochemical activity for the chlorine evolution reaction through the

potential at a given current density, have shown that the optimal firing temperature

is 500°C. In a similar manner, the optimal coating thickness found to be the one

formed by 10 g/m2 of Ru and Ti.

IV-6. SIMULATION OF POTENTIAL-SWEEP-VOLTAMMOGRAMS FOR

DEPOSITION AND DISSOLUTION OF METALS ON FOREIGN

SUBSTRATES

A. R. Despic, M. G. Pavlovic and M. D. Drazic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Institute

of Chemistry, Technology and Metallurgy, Belgrade

Potential sweep voltammograms of an inert electrode in a solution of metal

ions exhibits a loop at potentials more cathodic than the reversible potential of
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the ion discharge reaction, characteristic of increase in surface area due to three-

-dimensional growth of metal crystals. In this work an attempt is made to interpret

quantitatively such a loop using both a stochastic and a deterministic model for

the appearance of nuclei and for the subsequent overlap of growing crystals. It

was shown that a negligible difference is obtained between the two models and

preference is given to the deterministic model for the reasons of simplicity of the

mathematical procedure.

IV-7. COMPARATIVE INVESTIGATION OF FORMALDEHYDE OXIDA

TION AT NOBLE METALS IN AN ALKALINE ELECTROLYTE

M. Avramov-Ivic, A. Tripkovic and R. Adiic

Institute of Chemistry, Technology and Metallurgy, Belgrade

The oxidation of formaldehyde is of interest because this molecule is a po

tential fuel for fuel cells and because it appears as an intermediary during the

oxidation of other organics. The alkaline electrolyte differs from the acid electro

lyte by the presence of remarkable oxidation currents in the former. This investiga

tion shows that gold has the greatest activity, which is both of theoretical and prac

tical interest. A comparison of activies of Au, Ag, Ir, Pt, Pd and Rh electrodes

does not give the so-called volcano-type curve, which is obtained for the oxidation

of other organics. The reasons for this behaviour of formaldehyde and the analysis

of activities and peculiarities of aforementioned electrodes will be presented.

IV-8. STABILITY FACTORS OF THE EQUILIBRIA ON THE

OXIDE-ELECTROLYTE INTERFACE

L. Mihailovic, and S. Veljkovic

Faculty of Science, Belgrade University, Belgrade

Modifications of characteristic parameters for the ionic double layers on

AI2O3 and TiO were observed in dependence of the change of the reversible

oxide-eletrolyte interface. Changes were caused by the extensive hydration of the

surface, as well as the action of complexing and oxidizing species, such as H2O2,

I2/I03-, oxalic acid, etc. Parallel modifications of the dissolution rates were ob

served, as shown by the measured values of kT and £act. These values are correlated

satisfactorily with the calculated kT values, which are based upon the adsorption

of H+ ions, assuming it is the decisive process. The corresponding adsorption

isotherm is: an+b=f(Q), with is»exp(—AG°+^4eutat). Consequently, the adsorp

tion parameters (and kT) would be dependent upon the stability constants of all

surface species, which simultaneously determine the parameters of the oxide-

-electrolyte interfaces. Essential modifications of the dissolution kinetics were ob

served in mixtures of TiO and acids.
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IV-9. THE BEHAVIOUR OF THE METAL/SOLID

ELECTROLYTE INTERFACE

S. Mentus, M. SuSic and S. Gajinov

Faculty of Science, Belgrade University, Belgrade

The specificities of the metal/solid electrolyte interface, and their influence

on the accuracy of the measurements of electrical, eletrochemical and other physico-

chemical properties were analysed. A method for differentiating between bulk

electrolyte and surface properties by impedance measurements was shown.

IV-10. SORPTION OF ALKALI CATIONS AT THE ZIRCONIUM

OXIDE/AQUEOUS ELECTROLYTE INTERFACE

S. Milonjid, Z. I lie and M. Kopecni

Boris Kidrid Institute of Nuclear Sciences, Belgrade

The sorption of Li+, Na+ and K+ ions at the zirconium oxide/aqueous electro

lyte interface was studied by the potentiometric titration method. The process

was studied in the solution concentration range 0.1 to 1.0 mol dm 3 and up to

pH= 10. The ionization constants of the surface hydroxyl groups and of the corres

ponding complexes were calculated. The point of zero charge of zirconium oxide

was found to appear at pH=4.0.

IV-11. ANODIC MATERIALS IN THE ELECTROLYTIC OXIDATION

OF CHLORATES

V. Filipovil, N. Krstajic, M. Spasojevic, R. Atanasoski and B. Nikolic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Institute

of Chemistry, Technology and Metallurgy, Belgrade

Platinum is widely used as anode material in the process of perchlorate

production due to its electrochemical characteristics. During the process platinum

is, however, consumed and a replacement of such anode material is consiedred

lately. Hence, the basic electrochemical characteristics of anode materials formed

by catalysing of an inert substrate (e. g. titanium) with some oxide structure (lead

dioxide or noble metals oxide) were studied.



V. ANALYTICAL CHEMISTRY

V-l. SPECTROPHOTOMETRIC STUDY OF REACTIONS OF

BIS-PYRAZOLIN-YLAZO-CHROMOTROPIC ACID WITH

COPPER AND NICKEL

V. Vasic", O. Molnar and A. Muk

Boris Kidric Institute of Nuclear Sciences, Belgrade

The reactions of complex formation of 2,7-bis-(pyrazolin-3(5)-ylazo)-l,8-di-

oxy-naphthalene-3,6-disulphonic acid with copper and nickel were investigated by

spectrophotometry. Three different complexes with copper and two complexes

with nicktl were observed in the 2— 14 pH-interval. The analogy between the

spectral characteristics of each complex and the corresponding spectra of rea

gent's ionic forms was discussed. The stability constants and composition of com

plexes were determined.

V-2. SPECTROPHOTOMETRIC DETERMINATION OF BERYLLIUM

AND ZIRCONIUM WITH RUTIN

L. B. Pfendt, S. Petrovic and A. Dordevic

Faculty of Science, Belgrade University, Belgrade

New spectrophotometric methods for the determination of beryllium and

zirconium with rutin in 50% methanol are described. Both methods are based

on 1 : 1 complex formation between the metal ion and rutin. The molar absorption

coefficient for the berylHum-rutin complex in acetate buffer solution [pH(R) — 6.4]

at 410 run was found to be (1.01 ±0.03) x 103 mol_1m2, and Beer's law is obeyed

over the concentration range studied up to 0.63 ;xg cm-3 of beryllium. The molar

absorption coefficient for the zirocnium-rutin complex in hydrochloric acid (1.2

kmol m-3) at 420 nm was found to be (2.01 ±0.04) x 103 moHm2, and Beer's

law is obeyed for zirconium concentrations up to 3.64 ;xg cm 3. The selectivity

of these methods was investigated, too.
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V-3. THIN-LAYER CHROMA TOGRAPHIC SEPARATION AND

IDENTIFICATION OF SYNTHETIC ORGANIC PIGMENTS IN

ARTIST'S PAINTS

M. Ristic-Solajic, G. Milovanovic and T. Janjic

Faculty of Science, Belgrade University, Belgrade

Azo and non-azo synthetic organic pigments most often present in oil and

acrylic paints, were investigated. The separation of these pigments was performed

using thin-layer chromatography on silica gel. The solutions of pigments in di

methyl sulphoxide, concentrated sulphuric acid or ethanol-sodium hydroxide were

separated using the following solvent systems : benzene-cyclohexane-chloroform-50°/o

acetic acid (6:2: 1 : 1) and ethanolamine-dimethyl sulphoxide-benzene (1:3: l).The

same procedure was applied for the analysis of oil and acrylic paints and it was

confirmed that they contain either single or mixed investigated pigments.

V-4. SEPARATION AND SEMIQUANTITATIVE DETERMINATION OF

MICROAMOUNTS OF ZIRCONIUM(IV) AND TITANIUM(IV)

BY THIN-LAYER CHROMATOGRAPHY ON SILICA GEL H

L. B. Pfendt and V. Z. Pasajlic

Faculty of Science, Belgrade University, Belgrade

A chromatographic method for the separation and simultaneous semiquan

titative determination of microamounts of zirconium(IV) and titanium(IV) in the

presence of a large number of inorganic ions, by means of thin-layer chromato

graphy on modified silica gel H, is described. The solvent system hydrochloric

acid (6 kmol m~3), acetylacetone and sulfuric acid (9 kmol m 3) (60:2:1, v/v/v)

was used. The developing time was about 20 minutes. The Rt value of zirconium

was 0.6, of titanium 0—0.3 (diffuse tail), while the Rt values of the other investi

gated ions were about 1.0. Zirconium and titanium were determined by visual

comparison of the spots after their detection with alizarin S. The method permits

the determination of 1—7 [xg of zirconium (IV) and 2—7 ug of titanium(IV) with

a relative error below 7.5%.

V-5. TITRATIONS OF SOME NEWLY SYNTHESIZED STEROIDAL

BASES IN NON-AQUEOUS MEDIUM

F. F. Gaal, D. A. Miljkovic, K. M. GaSi and D. Lj. Kuzmic

Faculty of Science, Novi Sad University, Novi Sad

Potentiometric and catalytic thermometric titrations ofsome newly synthesised

steroidal bases containing the pyridine nucleus were performed with 0. 1 mol dm-3

perchloric acid in acetic acid. Amounts of 15.3 — 37.7 mg of various bases were

determined with a relative standard deviation of less than 0.89",,. The results

e determinations of the bases obtained by catalytic thermometric and
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potentiometric titration were in agreement. By using the data of potentiometric

titrations, p/C-values of the investigated compounds were estimated and some

observed differences were explained on the basis of their isomerism. The obtained

results showed that these compounds behave as stronger bases (pK 6.18—7.03)

in acetic acid. It was also established that the introduction of one vinyl-group

into the a-position of the pyridine nucleus had no essential influence on its basicity,

as confirmed by the obtained pX-values. Determination of the isomeric ketones

3{J-acetoxy-17-picolinylidine-5-androsten-16-one in a mixture was performed suc

cessfully by potentiometric titration in acetic anhydride only.

V-6. NEW CATALYTIC TITRATIONS FOR THE DETERMINATION OF

ORGANIC BASES IN NONAQUEOUS MEDIA

F. F. Gaal and A. S. Topalov

Faculty of Science, Novi Sad University, Novi Sad

New possibilities for the catalytic thermometric determination of the end-point

of coulometric titrations of organic bases are examined. The neutralization titra

tions were performed in a mixture of acetic anhydride, styrene, acetic acid (3 : 2. 5 : 1).

Sodium perchlorate (0.1 mol dm-3) was used as the supporting electrolyte, and

the generating electrode was made of platinum. Volumetric titrations were also

performed and a standard solution of perchloric acid in acetic acid (0.01 mol dm-3)

was used as the titration reagent. The exothermic reaction of styrene polymeri

zation, being catalysed by the first excess of acid, was used for end-point deter

mination. The course of titration was followed thermometrically and photometri

cally with continuous registration of the titration curves. The amounts of 0.9— 1.8

mg of different bases were determined with a maximal standard deviation below

1.1%. The achieved results are in agreement with those obtained by comparison

methods.

V-7. AN INVESTIGATION OF SOME INTERACTIONS BETWEEN

SULPHATE AND MIXTURES OF ALKALINE-EARTH METALS BY

TITRATION METHODS BASED ON EMISSION AND ATOMIC

ABSORPTION SPECTROMETRY

D. D. Stojanovic, S. D. Nikolic and V. J. Vajgand

Institute for the Application of Nuclear Energy in Agriculture, Verterinary Medicine

and Forestry, Zemun, and Faculty of Science, Belgrade University, Belgrade

Titration methods described in our previous papers were used in this in

vestigation of reactions taking place during the evaporation of droplets of solution

in an hydrogen-air flame. The principle of these methods is that they are based

on the formation of thermostable compounds between a given metal M and anions

ofan inhibitor X(M+X-*MX). During the evaporation of the droplets of solution,

regardless of whether M is b;ing titrated with X, or vice versa, changes in the

emission or atomic absorption of the metal M are automatically recorded. Thus,

curves of characteristic shape are obtained, with specific molar ratios M/X at
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the characteristic points. Conclusions on the interactions between M and X can

be drawn on the basis of these ratios. Results obtained during the titration of mix

tures of Ca + Ba and Ca + Sr by sulphate solution are presented. During

titration changes in the emission of the CaO band at 622 nm and the CaOH band

at 554 nm, as well as changes in Ca absorption at 422 nm were registered on the

recorder. On the basis ofthe molar ratio M/X conclusions are drawn about the se

quence of the reactions and some quantitative changes occurring during the eva

poration of solution drops.

V-8. KINETIC DETERMINATION OF MICRO QUANTITIES OF C2OS~

IONS IN SOLUTIONS

R. Igov, G. Miletic, T. Pecov and S . Rasic

Faculty of Philosophy, Nis" University, Nis, and Electronic Industry, Nii

The inhibitory effect of C20r~ ions on the oxidation of potassium iodide

with hydrogen peroxide, catalysed by WOJ" ions in solution, was used for C2O5-

ion determination in micro quantities. The optimal reaction conditions were de

termined and by using the photometric method for determinatiotn of the reaction

rate, quantities of the ion ranging from 1.2>' 10_7to 1.2x 10~6 g/cm3 of C2O42- ions

could be determined. The relative error was 1 to 12%. For the kinetic data work

up, the differential variant of the tangent method was used. Kinetic equations

for both the catalytic and inhibitory reactions were derived. The selectivity

of the proposed method was tested and it turned out that a great number of the

tested ions did not interfere with the C2O4" ion determination.

V-9. POLAROGRAPHIC EXAMINATION OF THE BROMINATION

PRODUCTS OF CIS AND TRANS ISOMERS

I. Spirevska and V. Rekalic

Faculty of Chemistry, Skopje University, Skopje, and Faculty of Technology and

Metallurgy, Belgrade University, Belgrade

The influence of pH and bromine solution concentration on the bromination

of maleic and fumaric acids in the buffer : phosphoric acid - phosphate was examined.

The product of maleic acid bromination with a pH above 5 gives one polarographic

wave (£1/2 — 1 .05 V), while below this value two waves are obtained (£1/2 =0.35—0.45

and 0.70—0.85 V). A similar occurrence also happens with fumaric acid, although

some differences in the wave heights were observed. By comparing the wave of

synthetically prepared dibromosuccinic acid and the bromination products of maleic

and fumaric acids, a difference is shown regarding the half-wave potential of the

first wave and the height of the second wave. We have attempted to explain these

phenomena and to ascertain the possibility of applying the reaction in the deter

mination of cis nad trans isomers.
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V-10. THE APPLICATION OF A SULPHIDIZED COPPER WIRE

ION-SELECTIVE ELECTRODE FOR DIRECT POTENTIOMETRIC

MEASUREMENTS

B. Vucurovic, M. S. Jovanovic, D. Milic and M. Mitrovic"

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Ion-selective electrodes have found remarkable practical applications in sol

ving various analytical problems during the last years; the copper selective electrode

being among the most thoroughly investigated ones. Among different sensors used,

is also the sulphidized copper wire intended for micro determinations. The in

vestigations described here concern the preparation and application of a sulphidized

copper wire selective electrode. The membrane is being developed by means of

HaS only on the cross section plane of the wire, 50—1 150 [xm in diameter. Such

an electrode maintains the Nernstian slope down to the concentration of 10 5

mol/dm3 showing also certain advantages in the manufacturing procedure.

V-ll. APPLICATION OF THE INTERFEROMETRIC METHOD FOR

INVESTIGATION OF THE SORPTION MECHANISM OF SOME MONO

VALENT IONS ON STRONGLY ACID CATION EXCHANGERS

R. Milosevska, M. Kalpakdjijan and T. Todorovski

Faculty of Chemistry, Skopje University, Skopje

The kinetics and mechanisms of ion exchange of some monovalent ions

on strongly acid cation exchangers were investigated : Amberlite IR — 1 20, Wofatit

KPS and Levatit C 1080. The ion exchange was observed at steady state condi

tions, in a solution of limited volume. Interferometry was used as the instrumental

method. Varying the temperature, the ion exchange rate was followed by a modified

apparatus. The measurements were carried out in a temperature range from 20

to 35°C.

V-12. TWO-PHASE BUFFER SYSTEMS WITH DIPROTIC ACIDS

T. J. Janjic, E. B. Milosavljevic and M. K. Srdanovic*

Faculty of Science, Belgrade University, Belgrade

Two-phase buffer systems with diprotic acids were investigated. The equa

tions that enable the evaluation of buffer curves, ji -f(pH), for two-phase buffers

of this type were derived. These equations are experimentally verified for several

two-phase buffer systems containing different types of diprotic acids.
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V-13. TWO-PHASE BUFFER SYSTEMS IN WHICH ION-PAIR

EXTRACTION OCCURS

T. J. Janjic, E. B. Milosavljevid and W. Nanayakkara

Faculty of Science, Belgrade University, Belgrade

Two-phase buffer systems in which ion-pair extraction occurs were in

vestigated. The equations which enable the evaluation of buffer curves, (3=f(pH),

for two-phase buffers of this type are derived. These equations are experimentally

verified for several two-component two-phase buffers containing acid-base pairs

of one molecular (HA) and one cationic acid (HB ) and in which ion-pairs of the

HB+A~ type are extracted. AH of the investigated two-component two-phase

buffers in which ion-pair extraction occurs are applicable in significantly wider

pH interval(s) than either the classical (monophase) two-component buffers or

the other two-component two-phase buffer systems. Finally, it is established that

the dilution effect in the investigated buffers is significantly lower than in the two-

-phase buffers in which ion-pair extraction does not occur.



VI. BIOCHEMISTRY

VI-1. THE STABILITY OF RECONSTITUTED LYOPHILIZED HEMO

GLOBIN . STANDARDS

P. Jovic" and N. Majkic-Singh

Medical Military Academy, Central Clinical Laboratory, Belgrade and Faculty of

Pharmacy, Belgrade University, Belgrade

A lyophilized hemoglobin standard from stroma-free hemolysates by the

procedure of Bonderman et al. [Clin. Chem., 66 (1980) 305—308] was prepared.

To investigate the reconstituted stability of the standard, the lyophilized material

was dissolved in distilled water, 154 mmol/1 sodium chloride and 50 mmol/1

Tris buffer, pH 7.4, by adding 5 mmol/1 EDTA. These reconstituted standards

were stored at 4°C. The stability of the reconstituted standards were followed

by determining the total, oxy- and methemoglobin from day to day. The level

of the auto-oxidation of oxyhemoglobin to methemoglobin was recorded based

on the changes of their absorption spectra in the 400—700 nm region. It was

found that the hemoglobin standard gave reproducible values for at least five

days after reconstitution with distilled water. The coefficients of variation for

total and oxy-Hb were respectively 0.9% and 1%. After a five-day period a signi

ficant decrease of the oxy-Hb concentration and a change of the pH value from

6.9 to 5.3 were observed. After reconstitution of the lyophilized standard with

154 mmol/1 sodium chloride, high day-to-day precision during fifteen days (CV=

=0.8% for total Hb and 1.1% for oxy-Hb) was obtained. The best stability was

obtained after the reconstitution of the lyophilized hemoglobin standard with

50 mmol/1 Tris buffer, pH 7.4, by adding 5 mmol/1 EDTA. The content of the

reconstituted standard was not changed for at least thirty days (CV=0.9% for

total Hb and 1.2% for oxy-Hb).

VI-2. ION TRANSPORT THROUGH THE MEMBRANE IN THE

PRESENCE OF BIOLOGICAL COMPONENTS

S. Stankovid, and S. Vcljkovic

Institute fir the Application of Nuclear Energy in Agriculture, Veterinary Medicine

and Forestry, Zemun, and Faculty of Science, Belgrade University, Belgrade

The transport of typical mixtures of physiologically significant ions and

biomaterial through a cellulose membrane was examined. The kinetic and thermo
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dynamic parameters of transport (diffusion coefficient, flux, AH*, AS*), as well

as the membrane potential are considerably changed regarding standard data

for simple ions. It was established that the reduced rate of transport partly depends

not only on the geometrical parameters of the complexes (Cs-BSA, Sr-alginate,

etc) and the membrane pores, but on the structural orientation and polarization

of the active groups on the membrane (OH~, COOH~) as well.

VI-3. INFLUENCE OF ADRENERGIC SUBSTANCES ON THE

POTASSIUM TRANSPORT IN PIGEON ERYTHROCYTES

D. Pericin, S. Trivic and V. Leskovac

Faculty of Technology and Faculty of Science, Novi Sad University, Novi Sad

Avian erythrocyte membranes possess adrenergic receptors, thus providing

a suitable model for the study of plasma membrane receptors. The influence of

adrenergic substances (a- and ^-agonists and antagonists) upon red cell potassium

transport has been investigated. The potassium transport was measured discon-

tinuously by atomic absorbtion spectrophotometry and continuously by an ion-

-selective electrode. The net potassium transport across the cell membrane is

regulated by p-adrenergic receptors. The receptor-effect upon K+ transport is

mediated by cAMP, and possibly by cAMP-dependent endogenous phosporylation

of cell membrane proteins.

VI-4. GAMMA RADIOLYSIS OF TRYPTOPHAN

S. V. Jovanovic" and Lj. Josimovic

Boris Kidric Institute of Nuclear Sciences, Belgrade

The radiolysis of deaerated aqueous tryptophan solutions was investigated.

The loss of tryptophan was measured in solutions of various tryptophan concen

trations. The decomposition yields increased with the decrease of tryptophan

concentration in deaerated solutions. In the presence of N2O when practically

all the hydrated electrons are converted into OH radicals, the decomposition

yield did not depend on the concentration of tryptophan, and was higher than

in deaerated solutions. This indicates that in deaerated solutions tryptophan is

mainly decomposed in the reaction with OH radicals. Stable radiolysis products

are unstable compounds and could be tryptophan dimers. On the basis of the

results obtained, a mechanism of the radiolysis of deaerated aqueous tryptophan

solutions is proposed.
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VI-5. FREE-WILSON ANALYSIS OF BIOLOGICAL ACTIVITIES OF

BIS-QUATERNARY CYCLOHEXYL AND PHENYL DERIVATIVES OF

PYRIDINE-2-AND PYRIDINE-4-ALDOXIME

V. Deljac, D. Maysinger, M. Maksimovic, Lj. Radovic and Z. Binenfeld

Faculty of Science and Faculty of Pharmacy and Biochemistry, Zagreb University,

Zagreb, and Military Technical Institute, Belgrade

The mathematical Free-Wilson model was applied in quantitative structure-

-activity relationship studies of twenty-eight bis-pyridinium oximes. The calculated

data for inhibitory power (/50) on human erythrocyte acetylcholinesterase (AChE)

and purified bovine AChE, protection (p. i.) of purified bovine AChE against

soman inhibition and reactivation of human erythrocyte AChE inhibited by para-

oxon, sarin and VX were found to be in good agreement with experimentally

obtained data.

VI-6. A CONTRIBUTION TO THE UTILIZATION OF

AGRICULTURAL PRODUCTION WASTES

2. Zivanov and M. Kuku£ka

Faculty of Science, Novi Sad University, Novi Sad, and Hydrometeorological Institute

of SAP Vojvodina, Sremska Kamenica

Wastes remaining after the automatic picking of corn, wheat and sunflower

were investigated. Physical properties and chemical contents of the samples were

determined. After pyrolysis and acidic hydrolysis the quantities of solid, liquid

and gaseous products, as well as the chemical structure were determined. The

solid residues, a carbonized mass, were used for the preparation of activated carbon.



Vn. CHEMICAL ENGINEERING

Vn-1. NITROTOULENE REMOVAL FROM WASTE WATERS

S. Pribicevic", J. Odavic-Josic, and S. Putnik

Faculty of Technology, Novi Sad University, Novi Sad

Waste waters from the process of toluene nitration contain considerable

amounts of nitro aromates. Taking into account general experiences and experi

ments, a new technology of two-stage purification was developed. In the first

stage recuperation of nitro aromates was carried out by crystallization in a fluidized

bed of crystals. However, in the second one nitro aromates were removed by ab

sorption on activated carbon which circulates between an absorber and a chamber

for thermal reactivation of carbon in the fluidized bed. This technology was eva

luated in collaboration with LURGI.

VH-2. PURIFICATION OF WASTE WATERS IN THE COURSE OF

TOLUENE DIISOCYANATES PRODUCTION

S. Pribicevic, S. Putnik, J. Odavic-Josic, B. Bacanov and R. Secerov-Sokolovic

Faculty of Technology, Novi Sad University, Novi Sad

The process of the production of toluene diisocyanates includes the flow

of about ten streams, which contain waste matters of different compositions such

as nitroromates, aromatic amines, aromatic chlorides, NaOH, Na2S04, NaN03,

(NO2, HNO3, HSO4, etc.). A procedure for waste matter treatment giving a degree

of purification which can be defined as applicable for biological treatment",

also including the production of a number of products such as: NaaSOi, DNT.

NaOH, etc, was developed. A cost analysis has given economically positive

results for the used equipment.
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VII-3. REMOVING ACROLEIN FROM INDUSTRIAL GASES

Z. Jovanovic, G. Jovanovic and G. Vunjak-Novakovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Basic engineering aspects of industrial gas cleaning, especially regarding the

problem of th~ generation and removal of acrolein are presented. We also discuss

some specific criteria regarding this problem and suggest a particular solution from

the chemical and technological aspects of system design for the removal of acrolein.

Special attention is given to the design of the scrubber, the central unit of the

system, especially in the situation when phase equilibrium and kinetic data are

not available.

Vn-4. PURIFICATION OF WASTE WATERS CONTAINING

CONSIDERABLE AMOUNTS OF NITRITES

S. Pribicevic, B. Bacanov, Z. Unger, R. Secerov-Sokolovic and S. Putnik

Faculty of Technology, Novi Sad University, Novi Sad, and Sodaso Institute,

Tuzla

The absorption of nitrogenous gases originating from fertilizer plants, nitra

tion of nitro-compounds, etc., produces solutions containing considerable amounts

of NaN02 with NaN03 and Na2S04. The biological separation of N02~ appears

to be expensive. However, a chemical method based on the reaction

NaN02+ R+An-= NaAn + N2(gas)

was developed. In this case R may be: ammonia, urea, etc. Evaluation of this

procedure was given according to the reaction:

2 NaNOa+ (NH4)2S04= Na2S04+ N2 (gas) .

Na2S04 . 10 H20 was separated by cooling from the solution of Na2SOi and NaNOs.

In order to obtain Na2S04, evaporation was applied.

Vn-5. THE DISTRIBUTION OF NORMAL ALKANES IN SAVA RIVER

WATER, SUSPENDED MATERIAL AND MUD

J. Cuckovic and P. A. Pfendt

Faculty of Science, Belgrade University, Belgrade and Institute of Chemistry, Techno

logy and Metallurgy, Belgrade

The samples were taken downstream of the isle Ada Medica, near the Ranncy

wells region. After processing the samples the hydrocarbon fractions which con

tained normal alkanes were isolated. By IR spectroscopy and GC analysis the

following homologous series of n-alkanes were identified : C)6 — Cm (water), Q? — C36

(suspended material) and C16-C35 (river mud). Low CPI values (1.00—1.25) and

other indications show that in this region an anthropogenic influence already
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exists. The distribution of the identified alkanes in the investigated system of"

components (water — susp. material — mud) indicates a dynamic interaction.

Knowledge of the state of pollution in the Ranney well region is important keeping

in mind the possibilities of migration of the alkanes as well as their transformations.

Vn-6. FLUIDIZED BED INCINERATION OF LIQUID WASTES

V. Pavasovic, M. S. Stefanovic, R. Stevanovic and D. Dakic

Boris Kidri£ Institute of Nuclear Sciences, Belgrade

Disposal of different types of chemical liquid wastes by incineration in flu-

idized bed combustion systems was studied. It was found that a very wide range

of liquid waste materials can be burned in fluidized bed combustion units effi

ciently, with minimal pollution. This communication presents a strategy and

procedure for a fluidized bed combustion design. In order to develop a method

for heating up the fluidized bed from ambient temperature, pilot-scale tests were

performed. It was found possible to heat up the fluidized from the temperature

of 10—20°C by direct in-bed combustion of a variety of liquid fuels.

VII-7. BIOMASS COMBUSTION EFFICIENCY IN A

FLUIDIZED BED

S. Oka, B. Arsic, D. Dakic, Lj. Jovanovic and M. UroSevic

Boris KidriS Institute of Nuclear Sciences, Belgrade, and „Cer", Gatak

Fluidized bed combustion has many advantages in comparison to the con

ventional ways of combustion. It makes possible the use of various kinds of fuels

and, up to now, rarely used fuels in the same combustor. The results of investi

gating the combustion efficiency of the biomass (pellets of pressed straw and corn

cobs) in a small experimental fluidized bed combustor, are given.

VII-8. DRYING OF SAND IN A FLUIDIZED BED

V. Pavasovic, M. S. Stefanovic and D. Dakic

Boris Kidric* Institute of Nuclear Sciences, Belgrade

The experimental results of drying silica sand in laboratory scale equipment

are presented. Silica sand was dried in a fluidized bed by a mixture of air and

hot flue gas which had been obtained in a fluidized combustion system by coal

burning. A fluidized bed dryer and combustor were designed as a single multi

stage unit. Energy and mass balance relations were used for the analyses of the

efficiencies of drying and coal combustion processes.
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VH-9. MAGNETICALLY STABILIZED FLUIDIZED BEDS

P. Jovanic and G. Jovanovic

Institute of Technology, Belgrade, and Faculty of Technology and Metallurgy, Belgrade

University, Belgrade

A magnetically stabilized fluidized bed is a new gas-solid contacting device

which offers wide opportunities for improving separation, filtration and reaction

processes. This new contacting method utilizes a magnetic field for magnetizing

fluid-bed solids which in effect achieves bed stabilization, the suppression of bubble

formation and the reduction of fluid turbulence. Also, a particulate regime of

fluidization can be achieved in a wider range of fluidization velocities. A magne

tically stabilized bed combines the desirable features of an ordinary fluidized bed

and a fixed bed while avoiding the shortcomings of both. In this work we des

cribe some specific applications and provide basic equations which show the high

potential efficiency of this type of fluidized bed.

VII-10. KELEX 100 EXTRACTION OF COPPER IN A LQIUID-LIQUID

SYSTEM

F. Poposka, D. Tonic, B. Atanasova and A. Grizo

Faculty of Technology, Skopje University, Skopje

The process of copper extraction from acidic sulfate solutions by means

of the extragent Kelex 100 with the solvent SOLVESSO 150 as a function of pH

and the initial copper concentration in the aqueous phase, extragent concentration,

temperature and phase mixing mode, was investigated. The way of carrying out

the experiment enabled the following of the equilibrium conditions and the process

kinetics. It is shown that the acidity of the medium in the pH range of 2.0 to 4.0

does not have any influence on the final equilibrium state, but that it does influence

the way and rate of equilibrium establishment. In a similar way the influence

of temperature manifests itself in the investigated range 20—50°C. The quantity

of extracted copper in the organic phase decreases with decreased initial concen

trations of the same in aqueous solution, or with an increase in the extragent con

centration. The influence of the way of phase mixing upon mass transfer and in

general the process kinetics of the investigated system is shown to be significant.

The values of the distribution coefficient (Kb) were calculated and the chemical

reaction rate constants make it possible to establish the chemism and mechanism

of the extraction process.

Vn-11. BORIC ACID EXTRACTION BY MEANS OF 2-ETHYL HEXANOL

IN A LIQUID-LIQUID SYSTEM

A. Grizo, N. Stamatova and H. Stamboliev

Faculty of Technology and Faculty of Chemistry, Skopje University, Skopje

The extraction of boric acid by 2-ethyl hexanol as a function of boric acid

concentration in solution and the medium acidity was investigated. It was found
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that the distribution coefficient (Kb) increases with an increase in acidity for sul

furic acid concentrations of 0.5 to 5.0 mol/dm3, while for the pH values of 1.0

to 6.0 it shows a constant value. The equilibrium in the investigated two-phase

system is established in 5—10 min., depending on the boric acid concentration

and acidity of the aqueous medium. The extraction rate was investigated as a

function of the mixing intensity, temperature and concentration of boric acid. By

increasing the number of rpm's of the stirrer from 100—450 rpm the extraction

rate increases, while it is not very dependent on the temperature in the investi

gated interval of 20—50°C. Such a dependence implies a diffusive character of

the process. The reaction order was determined on the basis of the slopes of the

dependences log dc/df=f(log C) for the following boric acid concentrations: 0.05,

0.10, 0.15 and 0.20 mol/dm3, with a constant excess of 2-ethyl hexanol. On

the basis of such an obtained reaction order the extraction rate constant was found.

Vn-12. VIBRATIONAL MIXING IN TWO-PHASE SYSTEMS

M. Mitrovic and D. Skala

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The characteristics of vibrational mixing in solid-liquid and liquid-gas systems,

in vessels and columns, were considered. Heat and mass transfer between a thin

flat disc, oscillating perpendicularly to its surface, and a fluid in a cylindrical vessel,

and the dispersion and flow of liquid and gas phases in a Karr column with per

forated oscillating discs were experimentally investigated. The amplitudes and

frequencies of the oscillations, disc diameters in the vessel and the distance bet

ween discs in the Karr column were varied. It was shown that vibrational mixing

has advantages compared to mechanical mixing.

VII-13. A MATHEMATICAL MODEL FOR THE PREDICTION OF GAS

HOLD-UP IN A VIBRATING PLATE COLUMN

D, Skala, O. Pani<5 and J. Micic

Faculty of Technology and Metallurgy, Belgrade University Belgrade

A simple mathematical model was derived which made it possible to explain

the functional dependence between gas hold-up and the bubble diameter and

bubble terminal velocity in a reciprocating plate column. The model is expressed

by an equation in which a relationship exists between the gas hold-up and super

ficial gas and liquid velocities. Experimental investigations of the gas hold-up

were made in order to confirm the mathematical model and they included the

application of three different determination methods at variable liquid and gas

flow rates, vibration intensity and height between perforated plates mounted on

a central rod of the vibration stirrer.
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VH-14. THE STUDY OF WATER MASS TRANSFER DURING OSMOTIC

FRUIT DEHYDRATION IN A VIBRATING PLATE COLUMN

V. Pavasovic, R. Stevanovic and M. Milak

Faculty of Mechanical Engineering, Belgrade University, Belgrade, and Boris Kidrit

Institute of Nuclear Sciences, Belgrade

The osmotic dehydration process of apples was performed in a specially

designed vibrating plate column where the countercurrent flow ofconcentrated

sugar syrup and apple pieces was realized. It was found that the osmotic dehydration

kinetics was independent of the sugar syrup flow rate and the plate vibration fre

quency in the investigated range. From the change of water content and from

the volume and surface change of apple pieces with time, the overall water mass

transfer coefficient was calculated. It was found that it decreases with time and

depends on lower oscillation frequencies (/ < 1 Hz).

VII-15. GASIFICATION OF COAL IN MOLTEN SALTS

M. Susie, S. Mentus, N. Petranovic and Z. Bogdanov

Faculty of Science, Belgrade University, Belgrade

The coal gasification process in molten alkali carbonates was examined on

a laboratory scale. A chemically and thermally resistant apparatus was designed,

which allowed a continuous addition of the reactants, coal, oxygen and water

vapour into the reaction vessel with the alkali carbonate melt at 100CPC. The

gaseous reaction products were analysed by gas chromatography. It was shown

that the reaction products contained mostly H2 and CO, some CH4, CO2 and

unreacted O2. The presence of sulphur was not a problem since it was converted

into nonvolatile alkali sulphide.

Vn-16. HEAT RECUPERATION IN THE COURSE OF VACUUM COOLING

S. Pribicevic, M. Suljkanovid and Z. Unger

Faculty of Technology, Novi Sad University, Novi Sad, Faculty of Technology,

Tuzla University, Tuzla, and Sodaso Institute, Tuzla

In the course of vacuum cooling considerable amounts of steam arc consumed

in steam ejectors. After condensation the obtained water is of low temperature,

which is practically useless. Investigations were directed to the construction of

a cooling station with heat recuperation, by means of a thermal pump. The total

energy consumption decreases by 50% and it appears as hot water, offering dif

ferent applications. This suggestion originates from a commom project of the

Faculty of Technology and the LURGI company.



C 184

VII-17. PRODUCTION OF Na2S04 BY THERMOCOMPRESSION

S. Pribidevid, Z. Unger, M. Suljkanovic and L. Dakonovic

Faculty of Technology, Novi Sad University, Novi Sad, Sodaso Institute, Tuzla,

Faculty of Technology, Tuzla University, Tuzla, and Bajo Sekulic Saltworks, Ulcinj

Crystallization of Na2S04 from mirabilite is connected with a considerable

energy consumption, which is mostly used for mirabilite melting. For this reason

it is difficult to organize the corresponding energetic scheme. This is usually done

by evaporating in a 1 to 3 stage station separating the steam from the last evapo

rator for mirabilite melting. Present investigations offer a way of producing Na2S04

with the use of thermocompression decreasing thus the energy consumption by

50 per cent.

VII-18. HYDROGEN UTILIZATION IN AMMONIA PRODUCTION

G. Herakovi<5, B. Aradan and M. Stefanovic

Chemical Industry „Pan£evo", Pancevo

The ammonia plant operation of a 635 t/day capacity, as a whol?, as well

as the influence of individual process phase operation efficiencies cn the total

plant efficiency, using the material balance and hydrogen utilization degree, are

considered.

VH-19. TEMPERATURE CHARACTERISTICS OF INDUSTRIAL

ADIABATIC CATALYTIC REACTORS

M. Stefanovic

Chemical Industry „Pancevo", Panievo

A consideration is made of temperatures of catalytic reactors in the production

of ammonia for catalytic beds whose lifes varied from one to eight years. Tempera

ture profiles of the following process units were studied: of a three-bed HTS

convenor, of a single-bed parallel convenor, of a LST convenor and methanation

convenor, and of a three-bed and tubular reactor for ammonia synthesis.

VII-20. KINETIC INVESTIGATIONS OF THE HYDROGENATION

PROCESS OF ALKYLAROMATIC OILS

D. Skala and J. Jovanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The kinetics of the hydrogenation process of different types and composi

tions of aromatic oils in the iquid phase were investigated in a laboratory auto
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clave. The obtained results were used for predicting the reaction rate and reaction

time in a pilot plant. The expected higher reaction rate in the pilot plant was con

firmed only in the case when the mass transfer of hydrogen is the controlling

step. The power consumption per liquid volume was used for the comparison

of the properties of different types of reactors (autoclave - laboratory and loop

reactor - pilot plant). The explanation for a much higher reaction rate in the pilot

plant is a larger gas -liquid interfacial area achieved with less power consumption.

On the other hand, when the chemical reaction on the catalyst surface was the

controlling step, the reaction times were the same in both types of reactors.

VH-21. INVESTIGATIONS OF THE KINETICS OF THE SODIUM

SULPHITE OXIDATION PROCESS UNDER NONISOTHERMAL

CONDITIONS

D. Skala, M. Zdujic, M. Sokic and J. Micic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The sulphite oxidation method has been applied many times as a chemical

method for the determination of the interfacial area in a laboratory or industrial

apparatus. All investigators started in the beginning with the assumption that

no significant temperature and pH changes occur during the reaction. They used

diferent types of heat exchangers (coil or jacket type) for establishing isothermal

conditions, and also adding a base for achieving constant pH during the reaction.

In this work we analysed the kinetics of this reaction, catalysed by Co2+ ions in

a laboratory double stirred reactor with a known interfacial area with the aim

of applying the thermal method for:

— the determination of the kinetics of gas-liquid reactions

— the determination of the gas-liquid interfacial area in a large column

measuring pH and temperature during the reaction

The results of these investigations served for making a correlation between

the calculated reaction rate (from the data available in literature) and the experi

mentally determined one. At the same time, the thermal method makes it possible

to determine the right values of the interfacial area along the column.

VII-22. COMPARISON OF EQUILIBRIUM STAGES WITH TRANSFER

UNITS IN A PACKED DISTILLATION COLUMN

J. Savkovic-Stevanovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

Two approaches for determining the efficiency of mass transfer in packed

distillation columns were compared by HETP (height equivalent to a theoretical

plate or stage) and HTU (height of a transfer unit). The investigation was per

formed with ideal and non-ideal systems in a pilot plant and two laboratory packed

columns. The correlations between the number of equilibrium stages and the

number of transfer units were examined for different characteristic systems, Tlir

computed results were compared to experimental ones.
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VII-23. THE INFLUENCE OF VEGATATION ON MASS TRANSFER

UPON ELEMENTS OF THE URBAN ENVIROMENTN, THE GROUND

AND STRUCTURE FRONTAL WALL. A MODEL STUDY BY THE

ADSORPTION METHOD

O. M. Stojanovic and S. Koncar-Durdevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

By using the adsorption method, mass transfer on physical models of the

ground and a frontal wall of a structure in the presence of bushes and separate

trees, was studied. The study was done under laminar and turbulent regimes of

flow using a homogeneously coloured fluid, with a coloured jet, as the pollutant

model. The space disposition (a tree, bush) was changed and complex chromato-

grams of the ground and the frontal wall of the structure were obtained. The most

convenient disposition of vegetation was shown regarding mass transfer („pollu-

ant") on the surfaces of the ground and fronatl wall of the structure.

VH-24. EXPLANATION OF PHENOMENA RESULITNG FROM

BOUNDARY LAYER SEPARATION BY THE ADSORPTION

METHOD

S. Koncar-Durdevic, M. GliSic and A. Tucovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and

„Energoprojekt" , Belgrade

Starting from cylinder and cone surface chromatograms, obtained experi

mentally during the separation of boundary layers, by the adsorption method,

some new elements were noticed and interpreted. By applying a coloured jet,

new knowledge about boundary layers was supplied, which enables a more complete

comprehension of flows in the boundary layer in the zone of separation.

VII-25. INFLUENCE OF GEOMETRIC FACTORS ON THE

HYDRODYNAMICS AND THERMAL CHARACTERISTICS OF

SHELL-AND-TUBE HEAT EXCHANGERS

V. Valent, A. Tasic and B. Dordevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The influence of baffle spacing and baffle cut on the shell-side heat transfer

coefficient and the pressure drop of the fluid in a shell-and-tube heat exchanges

was studied. The computation of all quantities, which has been performed for

a full-scale exchanger, demonstrated a great influence of the baffle cut and spacing

on the hydrodynamic and thermal characteristics of the exchanger.
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VTI-26. INFLUENCE OF SEALING STRIPS ON THE HYDRODYNAMIC

AND THERMAL CHARACTERISTICS OF SHELL-AND-TUBE

HEAT EXCHANGERS

A. Tasic, M. Mihajlovid, B. Dordevic and V. Valent

Faculty of Technology and Metallurgy, Belgrade University, Belgrade and Junior

Technical College, Belgrade

The influence of the number of sealing strips on the pressure drop and heat

transfer coefficient in shell-and-tube heat exchangers was investigated. Evaluations

were performed for liquids flowing on the shell-side. The obtained results indicate

a great influence of the sealing strips on the hydraulic and thermal conditions.

VII-27. TUBESHEET LAYOUT OPTIMIZATION FOR

SHELL-AND-TUBE HEAT EXCHANGERS

D. Grozdanic", M. Mihajlovic, M. Filipovic and A. Tasic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade, and Junior

Technical College, Belgrade

i

A Fortran IV subroutine was developed which aids in establishing the tube

count when the shell diameter, outer tube limit, number of tube passes, outside

tube diameter as well as tube pitch and arrangement are known. The program

provides an optimal choice of layout. The computation was based on balancing

the requirements of maximizing the number of tubes in the shell and equalizing

the number of tubes between the passes. The obtained results are in excellent

agreement with the existing international standards.

VII-28. DESIGN PARAMETERS FOR THE DETERMINATION OF A GAS

DISTRIBUTION NETWORK

Lj. Petrasinovic, M. Duric and M. Novakovic

Faculty of Technology, Novi Sad University, Novi Sad

A mathematical model, based on thermodynamic and fluid mechanic rela

tions, for gas distribution network design, was developed. Gas thermodynamic

data were related by the Soave modification of the RK equation. The model de

termines the optimal diameters of each branch of the gas distributing the optimal

diameters of each branch of the gas distributing network, based on minimum

investment for the given design requirements, such as network configuration, rates,

etc. The model, also, predicts the temperature and pressure profile along the

existing pipeduct. The comparison of the computed pressure and temperature

values with the measured ones shows a good agreement.
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VII-29. SIMULATION OF COMPLEX COLUMN SYSTEMS FOR MULTI-

COMPONENT SEPARATION

G. Ciric-Matijevic, R. Paunovic and A. Tolic

Faculty of Technology, Novi Sad University, Novi Sad, and Technical Faculty,

Belgrade University, Bor

A computer program for simulation of interlinked multistage columns for

multicomponent separation is presented. The Ishii-Otto method of solving enegry

and mass balances was applied, together with the thermodynamic model of phase

equilibria based on the SRK equation of state. The flexible organization of input

data and information processing enables a wide range of practical problems to

"be solved. The program was successfully tested over a variety of system configura

tions.

VII-30. DISTILLATION MODELING FOR AN ESTERIFICATION

REACTION

J. Savkovic-Stevanovic and A. Slavejkov

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The algorithm and computer program for the simulation of a distillation

column in which an esterification reaction occurs, were developed. The formula

tion of a mathematical model of a distillation column was performed, taking into

account th: reaction terms in the equations of material and enthalpy balances

for each stage. Quaternary vapour-liquid equilibria at each stage were modeled

according to Suzuki, Komatsu and Hirata. The temperature and composition

profiles as well as the vapour and liquid flow rates were computed for different

column specifications and operating conditions. The obtained results were compared

to the results of other authors.

VII-31. A MATHEMATICAL MODEL OF A DESORPTION COLUMN FOR

THE DESORPTION OF NH3 FROM THE NaCl-NHiCl-NHs-^O SYSTEM

M. Suljkanovic and M. Radic

Faculty of Technology, Tuzla University, Tuzla

In a design of a desorption process of NaCl-NmCl-NHs-IfcO system in

a plate column using steam, most of the assumptions made in other cases can

not be applied. The mathematical model of a desorption column for this system

includes the following features: nonlinearity of the operating lines, variable flow-

rates of gas and liquid phases along the height of the column, nonlinearity of

the equations of the phase equilibrium, concentration profiles along the height

of the column in the presence of liquid entrainment in the output gas stream.
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Vn-32. ESTIMATION OF THE VAPOUR-LIQUID EQUILIBRIUM

CONSTANT BY THE ,UNIFAC GROUP CONTRIBUTION

METHOD

Lj. PetraSinovic-Stojkanovic

Faculty of Technology, Novi Sad University, Novi Sad

The UNIFAC group contribution method is used for the calculation of

the activity coefficient and the vapour-liquid equilibrium constant. For calculating

the activity coefficients the UNIQUAC method is used, having formed the matrix

of the UNIQUAC parametars on the basis of the UNIFAC model. A computer

program is formed for the calculation the K-values, which can be used in a multi-

component separation process simulation.

VH-33. APPLICABILITY OF A CUBIC EQUATION OF STATE FOR

CORRELATING VAPOR PRESSURES AND ENTHALPIES OF PURE

SUBSTANCES IN THE LOW TEMPERATURE REGION

R. Paunovic, A. Mihajlov and S. D. Jovanovic

Faculty of Technology, Novi Sad University, Novi Sad

In order to investigate the performances of the Redlich-Kwong equation

of state with temperature — dependent a and b parameters in low temperature

regions, the Gibbs-Helmholtz equation along with the appropriate relation for

the fugacity coefficient was analysed. The unreliability of the vapor pressure and

residual enthalpy predictions at low temperatures may be ascribed to the high

sensitivity of the liquid fugacity to the variations of the energetic parameter ajb.

This conclusion was supported by numerous numerical tests of various temperature

functions for the parameters a and b for experimental data. As a recommendation,

a weight method for correlating the parameter ajb, or Q06=fl0/^e with temperature

should be applied with increasing weights for low temperature points.

VH-34.NUMERICAL PROBLEMS OFMULTICOMPONENT V. L. E

CALCULATIONS IN THE VICINITY OF THE CRITICAL POINT

R. Paunovic, S. D. Jovanovic and A. Mihajlov

Faculty of Technology, Novi Sad University, Novi Sad

The convergence of VLE calculations in the vicinity of the multicomponent

system critical point is discussed. The objective function characteristics and the

occurrence of the trivial solutions x\—y\, i=\, n, are analysed. A number of illu

strative problems are presented.
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VII-35. VAPOUR-LIQUID EQUILIBRIA OF TERNARY ASSOCIATED

SYSTEMS WITH THE ASSOCIATION OF ONE COMPONENT IN

BOTH PHASES

J. Savkovic-Stevanovic, A. Tasic and B. Dordevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

An algorithm for the reduction of vapour-liquid equilibrium data of ternary

associated systems with the association of one component in both phases was

developed and verified. The association constants for some characteristic ternary

as well as the corresponding binary systems were computed and the composition

dependence of the activity coefficients was determined. From the obtained results

the parameters in well known thermodynamic models that relate the activity coeffi

cients and mixture compositions were determined. Values of the activity coeffi

cients of ternary associated systems were compared to those predicted by the

parameters of thermodynamic models determined from binary associated systems

VII-36. ENTHALPY-CONCENTRATION DIAGRAM FOR THE REACTING

SYSTEM H2-N2-NH3

D. Radovanovic, R. Ninkovid and D. Planojevic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

An enthalpy-concentration diagram for the reacting system (3 H2+N2)-NHs

at constant pressure of 3 1 MPa and the temperature range 0° to 700°C is presented.

Thetugacity coefficients of the pure components, for determining the equilibrium

composition, were calculated by mean values of the second virial coefficients,

obtained by the Altunin-Vukalovich method. The used method of construction

takes into account the enthalpy of mixing in the gas phase, which is significant

under the considered conditions. The diagram is useful for material and heat

balances in the synthesis of ammonia.

VH-37. AN ENTHALPIC DIAGRAM FOR THE REACTING SYSTEM

SO2-O2-SO3 IN THE PRESENCE OF N2

D. Radovanovic, R. Ninkovic and C. Djakovid

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

An enthalpic diagram for the reacting system SO2-O2-SO3-N2 is presented.

In order to calculate the enthalpies of the reactants and product, and the equili

brium composition, molar heat capacities were used, giving the best agreement

(according to literature data) with experimental values for the adiabatic conversion

of SO2 to SO3. A diagram was constructed for the pressure 101.325 kPa and tem

perature range 25° to 600°C. It can be used for controlling the conversion of SOo

in the production of sulphuric acid, and for appropriate material and heat balancse.



VIII. METALLURGY

VUI-1. THE INFLUENCE OF THE COOLING RATE ON THE AS-CAST

MICROSTRUCTURE CHARACTERISTICS OF AN AIMn 1 ALLOY

B. Jordovid, D. Mihajlovic and A. Mihajlovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

By rapid cooling of a liquid alloy the following effects on the as-cast micro-

structure could be achieved: a) change of morphology i. e. change of shape, size

and distribution of the second phases, dendrite and cell size and grain size; b)

retention of supersaturated metastable phases, change of the amount of second

phases and formation of new phases. The determination of the quantitative de

pendence of the cooling rate during solidification and the change of the above

mentioned parameters for an alloy of a given composition is important in order

to achieve an optimal as-cast structure for successful thermal and thermomechanical

treatment. In this paper the influence of the cooling rate on the microstructure

of an AIMn 1 alloy with the composition: 0.88% Mn, 0.27°/0 Fe and 0.21% Si

is investigated. The specimens, 40 x 50 mm, with a thickness of 10, 5 and 2 mm

were cast in a massive copper mould. Cooling rates from 30 to 780°/s were achieved.

It was determined that the cooling rate essentially influences the dendrite arms

spacing and the phase dispersion in the nonequilibrium eutectic.The influence

on the grain size is small. The decrease of the amount of nonequilibrium eutetics

with an increase of the cooling rate was also found. The methods of qualitative

and quantitative optical microscopy, electron beam analysis and electrical resistivity

measurements were used.

Vm-2. THE WELDED JOINT STRUCTURE OF AN Al-5Zn-lMg ALLOY

P. Fodor, A. Mihajlovic and D. Mihajlovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

During the 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, transformation of precipitates to the stable eta-phase

and direct formation of the stable eta-phase. The initial state of the alloy, for

the given technology, influences the solid state reactions, i. e. the structure in the

HAZ and consequently the mechanical properties of the welded joint. In this

paper the change of structure in HAZ of a naturally aged Al-5Zn-lMg alloy at
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a distance of 1 5, 30 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 and 50 mm of the nonpreheated

joints is caused by intensive formation of the stable eta-phase. The specimens

made from preheated joints did not show a hardness decrease because preheating

has a similar effect to artifical aging. For the investigation optical and transmission

electron microscopy methods and hardness measurements were used.

VIII-3. THE EFFECTS OF THERMOMECHANICAL TREATMENT ON

THE VARIATION OF SPECIFIC ELECTRIC RESISTANCE OF AN

AlMgSiCu ALLOY

S. N. Stojadinovic

Technical Faculty, Belgrade University, Bor

The change of the specific electric resistance of an AlMgSiCu alloy as a

function of thermomechanical treatment was investigated. Specimens of the AlMg

SiCu alloy were treated in three ways : first, by primary ageing, second, by primary

ageing and deformation and third, by primary ageing, deformation and secondary

ageing. After homogenisation at 520°C-24 h, the specimens were solution treated

at 520°C-30 min., quenched in water and aged at 160°C-10 min. (primary ageing).

Afterwards the specimens were deformed 1 5, 30, 50, 70 and 80% by cold rolling

with two different rolling schedules: /d/Am«s0.7 and lalhm^>5, where: U = VR^th

R-is the diameter of the rolls, A/j-reduction per pass and ho-the mean thickness

of the rolled specimen. After deformation, double ageing was performed at 180,

220 and 250°C-1 h. The results suggest that -besides the total amount of defor

mation and ageing temperatures — the distribution and intensity of maximum

strain in the critical cross section has a large influence on the change of specific

electric resistance. The highest values for specific electric resistance are obtained

for a degree of deformation of 30% after ageing at 220°C for the specimen defor

med by the less intensive schedule of deformation (lalhm^OJ).

VIII-4. THE INFLUENCE OF THE ROLLING SCHEDULE ON THE

STRUCTURE AND TEXTURE OF AN AlMgSi ALLOY

S. Stojadinovic, A. Babid-Milosavljevic", M. Rogulic and V. Milenkovic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

The influence of the rolling schedule and the amount of deformation on

the structure and the deformation and recrystallization texture was investigated

for an AlMgSi alloy with 1.5% Mg2Si and 0.5% Cu. After solution treatment

the alloy was quenched in water, aged at 160° for 10 min., and deformed after

two rolling schedules l&jhm=QJ and lalhm^5 for 15, 30, 50, 70 and 80% defor

mation. The obtained specimens were recrystallized and investigated. It is obvious

from the obtained results that the schedule of deformation has a large influence

on the structure as well as on the texture. The main difference between the two
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rolling schedules is obtained for small amounts of deformation. This result could

be expected because the introduced energy of deformation with two different

rolling schedules for the same amount of deformation is very different. This

difference in the introduced energy during deformation diminishes with the amount

od deformation.

VHI-5. INFLUENCE OF THE INITIAL STRUCTURE ON THE DILATO-

METRICjBEHAVIOUR OF MARAGING STEEL OF THE Fe-Ni-Co-Mo-Ti

TYPE DURING HEATING AND COOLING PROCESSES

N. P. Vidojevic, N. M. Novovic-Simovic and B. M. Andelid

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

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 heating

to the quenching temperature (815°C) and cooling to room tempesature, dilato-

metric specimens were previously heated to different temperatures in the range

from 500°C to 815°C and cooled in a dilatometric furnace to room temperature.

The analysis of the dilatometric curves, obtained during the heating of the previo

usly treated specimens up to 815°C, and cooling to room temperature, shows

that the initial structure expresses an essential influence on the austenitization

process of the investigated steel and its behaviour during the cooling process.

The observed differences in the length changes of the dilatometric specimens

during cooling to room temperature as well as in the dilatometric effect of the

austenite — martensite transformation and the position of the corresponding

M#-point, were discussed as a function of the phase content of the investigated

steel in the initial condition and the austenite condition at the quenching tempera

ture. Additional investigations that consisted of the previous heating of dilatometric

specimens to the determined temperature that was repeated several times, confirmed

the observations in connection with the great influence of the initial structure

on the austenitization process of the investigated maraging steel and its martensitic

transformation during the cooling process.

Vni-6. DEPENDENCE OF THE HEAT ACCUMULATION COEFFICIENT

ON THE MOLDING MIXTURE COMPOSITION

S. Markov ic

Faculty of Technology and Metallurgy, Belgrade University, Belgrade

It is the duration (time interval) of crystallization and consequent casting

cooling that matters in regard to accoumulation properties of given mixtures;

at the same time, it can be expressed through the heat accumulation coefficient

of the mixture 62, which in certain ways represents the thermophysical properties

of molding materials. Based upon the cooling curves obtained after measurement

of the temperature in the center of the experimental casting, cast in the molding

mixtures to be examined, numerous values of the heat accumulation coefficient

of the given mixtures have been obtained by means of the Veinik equation for

alloy solidification in a non-metallic mold. Average values of the heat accumulation
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coefficient of mixtures (62) with silica, chromite and sinter-magnesite sand and

bentonite as the binding material are in the ratio of 1:1.47: 1.73. Average values

of the coefficient bz of the same mixtures, but with sodium water-glass as the bin

ding material are in the following ratio: 1:1.16:1.51. The results obtained positi

vely lead to the conclusion that the use of molding materials based on refractory

sands (in this case, chromite and sinter-magnesite sands) give higher values of 2>2,

i. e. faster cooling, which indicates that there is a possibility for their application

with castings of larger cross-section.

VDI-7. THE EFFECT OF SILICON ON THE OCCURRENCE AND

QUANTITY OF FERRITE IN THE SURFACE STRUCTURE OF GRAY

IRON CASTINGS

M. Tomovic and S. MatijaSevic

Faculty of Technology'and Metallurgy, Belgrade University, Belgrade

Ferritic-perlitic layers can often be found on gray iron castings produced

under conditions prevailing in foundries. The authors have tried to establish how

silicon effects the formation of ferritic-perlitic layers. In the course of the investi

gation of the effect of silicon on the occurrence and quantity of ferrite in the casting

surface structure, the percentage of silicon was varied in sand moulds. Deter

mination of the depth and quantity of ferritic surface layers was performed on

castings of the following dimensions: 100,50,25,10 and 5 mm. The pouring

temperature was varied from 1370 to 1400°C. Metallographic examination of

surface layers of the castings has confirmed that the influence of silicon in gray

iron is significant and an outstanding one in relation to the characteristics of the

surface structure.

VIII-8. THE EFFECT OF LEAD CONCENTRATION ON THE FRICTION

COEFFICIENT OF SINTERED FRICTION MATERIALS BASED ON

COPPER

D. Trifunovic, N. Nedeljkovic and L. Stuparevic

Faculty of Technology and Metallurgy, Belgrade, and Technical

Faculty, Bor

The investigated sintered materials were polycomponent Cu-Sn-Pb-graphites

-Si02 alloys. In thds contribution the friction coefficient at different concentration-

of lead from 0—11 wt% was obtained. The „Simplex" method was used in the

planning of the experiment and in the elaboration of the data.
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or 1000 g

Pkttinum(IV) chloride

PtCU

Mol. wt. 336.90

Platinum content approx. 79%, meeting

the standards of YMC Precious Metal

Chemicals

Packed in dark glass ampoules a 10 g

or 25 g

Palladium chloride

PdCh

Mol. wt. 177.31

Palladium content 59%, which meets the

DIN standards

Packed in vacuum sealed dark glass

ampoules a 10 g or 25 g

Silver nitrate

AgNOa

Mol. wt. 169.87

Purity grades:

— puriss., 99.0% Ag

— pro analysi, 99.77% Ag

Packing:

— puriss. grade in plastic bags of 1, 3,

and 5 kg

— p. a. grade in plastic jars a 100 g



Cpe6po - uujanud Silver cyanide

(Ksumj ym -munijaHoapreHTaT)

KAg(CN),

Moji. Te>K. 199,00

CaflpHoj cpe6pa 53% mhh.

FlaKOBaifce y craKneHHM hju iuiacTHiHHM

6ouaMa ofl 500 h 1000 g

Cpe6po-cyA$aui

AgaS04

Moji. tok. 311,80

MncToha: 99% Ag mhh.

IlaKOBa&e y TaMHHM Terjiaiwa op. 100 g

Cpe6po-oxcud

AgsO

Moji. tok. 231,74

Cajjpwaj cpe6pa 92% mhh.

riaKOBane y TaMHHM craKnemm Terjm-

rjaMa ca 100 g

Cpe6po-XAOpud

AgCl

Moji. tok. 143,32

Cajro>Kaj cpe6pa 74,1 %mhh.

IlaKOBaibe y TaMHHM CTaKJiemiM TerjiH-

qa.Ma ca 100 g

Cpe6po - aneiuaui

AgC2H302

Moji. tok. 166,92

MwcToha 98,5% mhh.

riaKOBaae y TaMHHM CTaKJieHHM TerviH-

uaMa op 25 h 100 g

Cpe6po-jodud

AgJ

Moji. tok. 234,77

MiicToha 98,0% mhh.

TpaHyjiainija hciiojj; 250 urn

riaKOBaifce y TaMHHM TerjiHuaMa ca 500 g

hjih y nojiHemuieHCKHM BpehmiaMa

Jleuia/bHuje un^opMauuje MOiy ce do6uiuu

uo 3axiuesy

(potassium dicyanoargentate)

KAg(CN)i

Mol. wt. 199.00

Silver content 53%min.

Packed in glass or plastic jars a 500 g

or 1000 g

Silver sulphate

Ag2S04

Mol. wt. 311.80

Purity: 99.5% Ag min.

Packed in dark jars a 100 g

Silver oxide

Ag20

Mol. wt. 231.74

Silver content 92% min.

Packed in dark glass jars a 100 g

Silver chloride

AgCl

Mol. wt. 143.32

Silver content 74.1% min.

Packed in dark glass jars a lOOg

Silver acetate

AgC2Ha02

Mol. wt. 166.92

Purity 98.5% min.

Packed in dark glas jars a 25 g and 100 g

Silver iodide

Agl

Purity 98.0% Agl min.

Grain size below 250 urn

Packing in dark glass jars a 500 g or in

polythene bags

More detailed informations available on

request
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— Cosmetics based on apian products,

„beauty from the hive", MELIPONA

facial cream enriched with Royal
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— Various stimulative preparations : API-
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KINETICS OF THERMAL DEALKYLATION OF

2,4-BIS(ALKYLAMINO)-6-CHLORO-5'-TRIAZINES. EFFECT

OF a-METHYL SUBSTITUTION
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The first order rate constants for the reaction of thermal dealkylation of

the compounds of the general formula 2,4-bis (RNH)-6-Cl-J-triazines where R= Et,

iso-Pv and tert-Bu, were determined. On the basis of the obtained kinetic parameters,

k, EA, log/4 and AS* , the structure of the transition state is discussed.

The thermal dealkylation of 2,4-bis(alkylamino)-6-chloro-s-triazines most

probably belongs to (3-syn-pyrolytic elimination which proceeds via an interamolec-

ular six membered cyclic transition state4 (I).

Ci 

I 1
H

Scheme I

On heating 2,4-bis (alkylamino)-6-chloro-i-triazine decomposes to yield an

olefin and an 2-alkylamino-4-amino-6-chloio-i-triazine*.

In has been shown, in our previous papers1"3, that the yield and direction

of this reaction depends on the effect of steric, statistical and entropy factors and

that the contribution of these factors in the net effect varied from case to case.

Assuming the similarity of the dealkylation of alkylamino substitued s-triazines

to other pyrolytic eliminations and keeping in mind the effect of a-methylsubstituents

on the rate of these reactions5-6, in the present work kinetic investigations have

* T.l.c. analysis showed that in all cases only two derivatives were present in the residue

2-alkylamino-4-amino-6-chloro-j-triazine and the unchanged starting material.

1
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been made with the intention to determine the structure of the transition state

of this reaction.

RESULTS AND DISCUSSION

The rate of the thermal dealkylation was determined by measuring the

quantity of evolved olefins (g. 1. c). It was assumed that 1 mole of olefin was evolv

ed from 1 mole of substrate, according to Scheme 1 . It was found that the decom

position follows first order kinetics and the rate constants were calculated as explained

in the Experimental section. The temperature variation of the rate constants is

shown in Table I, as well as values for log A, Ea and LS*.

TABLE I. Temperature variation of the reaction constants and activation parameters for dealkylation

of 2,4-bis {RNH)-6-Cl-s-triazines

R r/°c Coir,

coeff.

log A/s-1 AS/ /J mol

K-i*mol"1

Et 250

270

2,S0

290

0.05

0.19

0.37

0.78

0.9990 11.29 166.07 -41.55

!$o-Pr 250

260

270

280

1.70

2.93

6.30

11.50

0.9973 11.79 155.91 -32.44

tert-Bu 210

220

230

250

4.10

7.50

14.70

60.10

0.9983 11.93 141.78 -29.05

* AS* at 250°C

The rate of dealkylation increases markedly as the degree of alkylation on

the a-carbon atom becomes higher, as it is shown in Table I. The reactivities

follow the sequence: tertiary > secondary > primary. The same order of reac

tivities was previously observed in the pyrolysis of acetates and halogenides with

the same alkyl substituents5-6. The relative rate coefficients for the investigated

5-triazine compounds at 250° are ethyl (1.0): isopropyl (34.0): tert-butyl (1202).

This relative rate ratio is as expected on the basis of the statistical factor

(dependent on the number of hydrogen atoms at each (3-carbon atom available

for elimination) and on the basis of the stability of the evolved olefins (thermo

dynamic factor).

After correction for the statistical factor, the relative ratio diminishes but

the sequence of reactivity remains the same: tertiary > secondary > primary.

The correction for thermodynamic stability of the evolved olefins (according to

small differences in the stability of ethylene, propene and isobutene)7 would not

change the sequence.

This probably indicated that in the transition state of this reaction hetero-

lytic cleavage of the C* — N bond (see Scheme 1 ) is of greater influence on the

reaction rate, than C*—Cp double bond formation. In order to show the effect

of charge distribution on the Ca—N cleavage in the transition state, a series of

meta — and para — substituted 2,4-bis (a-phenylethylamino)-6-chloro-s-triazines

of the general formula 2,4-bis(XC6H4CH)CH3(NH)-6-Cl-.s-triazines, where
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X=H; p-CHa; p-Cl; m-Cl; p-Br and P-NO2 have been made. The

kinetic investigation of these compounds also gave first order rate constants which

correlated with a+ values, in the Hammett equation of the type log klk0= pa+,

with a negative value of the reaction constant p. The negative value of the reaction

constant shows that the a-carbon atom has a carbonium ion character in the transi

tion state, which agrees with the results of this work8. This has also been shown

for the pyrolysis of meta- and para-a-phenyl substituted ethyl acetates and chlo

rides9.10.

The energy of activation for acetate and halogenide pyrolysis11 and the

dealkylation of s-triazines with the same alkylsubstituents are given in Table II.

TABLE II. Activation energies of thermal dealkylation of acetates, bromides and s-triazines

Substance EaQs.] mol-1)

Ethyl acetate 200.64

Isopropyl acetate 188.10

fert-Butyl acetate 167.20

Ethyl bromide 225.30

Isopropyl bromide 199.80

fert-Butyl bromide 175.56

Ethyl-s-triazine 166.07*

Isopropyl-s-triazine 155.91*

rerr-Butyl-j-triazine 141.78*

* This work

Excellent correlations of the energy of activation changes for the thermal

dealkylation of s-triazines and of the reaction of acetate pyrolysis (corr. coeff.

0.9998) and the reaction of alkyl bromide pyrolysis (corr. coeff. 0.9941) point

out the similarity of the transition states of these reactions.

I its 1-

I ISO-

E

 

175 200 225

EA(kJ/mol) pirolysis of acetates and bromides

Fig. 1. Activation energy of s-triazine dealkylation vs. the

activation energies of pyrolysis of corresponding acetates (O)

and bromides ( • ).
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Negative entropies of activation indicate the reduced degree of freedom

in the transition state of this reaction which also points out that it is most probably

a cyclic transition state.

EXPERIMENTAL

Kinetic experiments. The s-triazines (0.01, 0.02 and 0.05 mmol) were heated to within

0.5° of the required temperature in an oil bath. Gaseous reaction products were trapped in

a gas burette and analysed by g.l.c. Each s-triazine derivative was dealkylated at least five times

and kinetic data fitted a first order equation in all cases. The rate constants were calculated from

the slope of the line of best fit determined by the least-squares method. The average values of k

are given in Table I. Average deviations from the mean were within 5 — 8%. Activation energies,

log A values and entropies of activation were calculated from Arrhenius and Absolute Rate Theory

equations and the transmission coefficient was taken as unity.

The degrees of conversion of the s-triazines under experimental conditions were between

20—40, 30— 70 and 70— 100 per cent respectively for ethyl, isopropyl and ten-butyl derivatives.

G.l.c. — A Varian Aerograph 1400 gas chromatograph was used with nitrogen as the

carrier gas. Ethylene, propene and isobutene were analysed on AI2O3 at 100, and 120° respectively.

The injector temperature was 50° and the flame ionization detector temperature was 1 50°. Stand

ards were prepared by adding 500— 1000 [d of authentic samples of the olefin per liter.

Materials. All s-triazines were synthesized by the general procedure of Thurston12.

The purity of the recrystallized compounds (from ethyl acetate) was checked by t.l.c. and ele

mental analysis.

2.4-bis(ethylamino)-6-chloro-s-triazine had m.p 223-225°; yield 90%. (Found: C, 41.65;

H, 5.90; N, 34.50; C7HisN5Cl requires; 0,41.69; H, 5.99; N, 34.72).

2j4-bis(i'jo-propylamino)-6-chloro-j-triazine had m.p. 212— 214°; vield 95% (Found: C,

47.10; H, 6.70; N, 30.20; CoHieNsCl requires: C, 47.06; H, 7.02; N, 30.48).

2,4-bis(rert-butylamino)-6-chloro-i-triazine had m.p. 186— 188' ; yield 90% (Found: C,

51.20; H, 7.79; N, 27.25; C11H20N5CI requires: C, 51.25; H, 7.82; N, 27.17).

We thank the Serbian Republic Research Fund for financial support.

11 3 B O a

KHHETHKA PEAKLIHJE TEPMH1KE JJEAJIKHJIAUHJE 2,4-BHC(AJIKHJIAMHHO)-

-6-XJIOPO-S-TPHA3HHA. E<t>EKAT a-METHJI CynCTHTyUHJE.

EPATHCJIAB 5K. JOBAHOBHH, MHJIAH it. MyiHKATHPOBHH h 5KHBOPA.H JI. TAflHTi

3aeod 3a opeaitcxy xe,»ajy, TexHOAoutKO-MeiuaJiyputKU tfioKy/iiueui yuueep3uuieuia y Beoepady,u.up.

494, 11001 Eeoepad

Oflpeljene cy KOHCTam-e 6p3HHC peaKunje TepMHiKe fleajiKitnamtje jeflHH>eH>a onurre (pop-

lwyjie 2,4-6Hc(RNH)-6-Cl-s-TpHa3HHa r^e je R^Et, wo-Pr and tert-fcu. Ha ocHOBy nooHjeHHx

KHHeTMHKHx napaMeTapa k, EA, log A 11 AS /wcKyTOBana je CTpyicTypa npejia3Hor craiba OBe

peaiawje.

(ITpHMJbeHO 3. anpima 1981; peBHfliipano 27. HOBCMopa 1981)
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The chemical identification of three new crystalline compounds, isolated from

the domestic plant species of Artemisia vulgaris L. (Compositae), collected in Deli-

blatska PeScara, is described. The crystalline compounds are identified as: 5,3'-di-

hydroxy-3,7,4'-trimethoxy-flavone (I), 7,8-methylendioxy-9-methoxy-coumarin(II)

and 3P-hydroxy-urs-12-en-27,28-dionic acid (III). The isolation of the chemically

pure compounds was accomplished by column chromatography of the purified

extract on silica gel. The identification was established mainly by the interpretation

of physical and spectral data.

The chemical investigation of the American plant species of Artemisia vulgaris

L. has shown that it contains, among other products1, the sesquiterpene lactone

vulgarin, having anticarcenogenic activity2. This fact also promoted the intensive

research of the European plant species of Artemisia vulgaris L. The results of

this investigations have shown so far, that the European plant species of Artemisia

vulgaris L., do not contain sesquiterpene lactones.

Our investigations of the domestic plant species of Artemisia vulgaris L.,

collected in Deliblatska Pescara, and in the vicinity of Belgrade, have also shown

the absence of vulgarin and other sesquiterpene lactones. However, our investiga

tions, on the other hand, have shown that our plant species contains compounds

which have not been isolated so far and identified from Artemisia vulgaris L.3-8.

The crystalline compounds are identified as :

1. 5,3'-dihydroxy-3,7,4'-trimethoxy-flavone (I)

2. 7,8-methylendioxy-9-methoxy-coumarin (II)

3. 3|3-hydroxy-urs-12-en-27,28-dionic acid (III).

The plant was collected in the time of full blossom, dried and ground. Teh

extraction was carried out with chloroform. After removal of the solvent and waxes,

from 4 kg of the air-dried plant 14 g of the extract was obtained. Isolation of the

chemically pure compounds from the purified chloroform extract was accomplished

by column chromatography on silica gel. The elution of the column was performed

starting with petrolether, followed by more polar solvents, such as : benzene, ethyl

acetate, acetone and finally with methanol. The elution of the column was controlled

by thin layer chromatography (TLC). By such a procedure, using 73 liters of

solvents, 36 main fractions were collected.

7



8 STEFANOVIC, DERMANOVlC and VERENCEVlC

The characteristics of the isolated compounds are: 5,3'- dihydroxy- 3,7,4'- tri-

methoxy-flavone (I) is obtained as a yellow crystalline product, recrystallized

from methanol, of the melting point 168°, known in the literature as ayanin. So

far, ayanin was isolated from three different plant species, namely Distemonanthys

benthamianus9 and Aframonum gigantettm10-11 .

?H
 

In the IR spectrum of (I), the band at 1690 cm-1 belongs to the conjugated

keto group, the band at 3500 cm-1 shows the presence of hydroxyl groups, and the

bands at 1230, 1020 and 1080 cm-1 stand for the absorptions of aryl ethers.

In the mass spectrum, the molecular peak is an ion of the mass of 344, and

the characteristic ions are of the masses 151 and 167.

In the UV spectrum of the methanol solution of the isolated flavonol, two

bands are observed, namely the Band I with a maximum at 342 nm and the second

Band II with a maximum at 256 nm (Fig. 1), corresponding to the substituted

101

06

0.4

0.2

 

/Unm) A £ logC

1. MoOH

263
270 0.21

0.26

9866
8125

10059

«

2. MaOH + NaOMe

4.002

262
271
342
416

0.25
0.235
0.20
0.18

9673
9092
7738
6964-

3.985
3.958
3.888
3.842

3. MeOH + A1C1,

262
280
34*
412

0.215
0.18
0.21
0.135

8318
6964
8125
5223

3.920
3.842
3.909

3.717

200 300 400 500-

Fig. 1. UV spectrum of the isolated flavonol (I) in solutions such as:

MeOH (Band 1), MeOH + NaOCH3(Band 2) and MeOH + A1C13

(Band 3)
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cinnamoyl and benzoyl groups. The addition of NaOMe to the methanol soltion

of flavonol (I), produces a bathochromic shift of the Band I of 72 nm which in

dicates the presence of a hydroxyl group in the position 3'.

By the addition of A1C13/HC1, (Fig. 2) 5-OH and 3-OMe groups are detected.

It is already known that the AICI3 complex with ortho-dihydroxy groups, in the

rings A and B produces a bathochromic shift of the characteristic bands of 30— 60

nm towards longer wavelengths. The addition of HCl destroys such a complex

in the B ring of flavonols and the initial spectrum in methanol solution is obtained.

In our case, however, the addition of HCl did not produce the initial spectrum

obtained in methanol solution. This fact is characteristic for 5-hydroxy-3-substi-

tuted flavones.

1.0

A

08

0.6

OA

A(nm) A £ logt

^-6

*. HeOH + AlOlj + HCl

254
278

0.31
0,245
0.22
0.10

1199*
9479

8512
3869

4.078
3.976
3.930

3.5874-12

5. HeOH + KaOAe

258
342

0.315
0.23

12188
8899

4.085
3.949

6. MeOH + NaOAc + HjBOj

254
342

0.41 15863
10446

4.200
4.0180.27

 

200 300 400 500

Fig. 2. UV spectrum of the isolated flavonol (I) in solutions such as :

MeOH+A1CU+ HCl (Band 4), MeOH+NaOAc (Band 5) and MeOH

+NaOAc+H3BO3 (Band 6)

Further on, the shifts obtained normally by the addition of NaOAc which

correspond to free hydroxyl groups in the positions 7,3 and 4', were not observed

in our case. Moreover, the absence of ortho-dihydroxy groups in the B ring was

also proved by the addition of H3BO3, which did not change the spectrum already-

obtained of NaOAc12. All these data, including the elemental analysis of C18H16O7

(I) are summarized in Table I.
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TABLE I

m. p. 168°C, (I), Anal.: Found: 62,70% C;

62.79% C;

4.86% H

4.68% H.

Calcd. for: C18Hi«07

Ir (KBr) v max (cm-1) 3500, 1690, 1620, 1230, 1020, 1080,

MS: m/e 344, 167, 151, 148, 313, 301, 329, 283

m 60 MHz 7.90 (1H, d, 7=9 Hz) H-6'

NMR (CDC13): 7.70 (1H, B) H-2'

(ppm) 7.11 (1H, d, 7=9 Hz) H-5'

6.53 (1H, d, 7=2.5 Hz) H-8

6.43 (1H, d, 7=2.5 Hz) H-6

6.16 (m) HO -3'

12.80 (s) HO-5

4.01 (3H, ■) OCHa-4'

3.88 (6H, 0 2 OCH3-7,3

UV:

X max (nm)

(log e)

MeOH:

+NaOMe:

+ A1C13:

+ AICI3/HCI:

+ AcONa:

+ AcONa/H3B03:

256

262

416

262

412

254

412

258

254

* Bathochromic shift of Band

(3.99),

(3.98),

(3.84),

(3.92),

(3.71)

(4.07),

(3.58),

(4.08),

(4.20),

I

270

274

A =

280

278

A =

342

342

(3.90),

(3-95),

74*

(3.84),

(3.97),

66

(3.95),

(4.01).

342

342

344

246

(4.00)

(3.88)

(3.90),

(3.93),

The second isolated product was identified as 7,8-methylendioxy-9-methoxy-

-coumarin (II). This product is obtained as white crystals, of the melting point

226°, recrystallized from methanol.

In the IR spectrum of (II), the band at 1713 cm1 corresponds to the car-

bonyl group, and the bands at 11 60 and 1070 cm 1 are characteristic for C —O

vibrations. In the mass spectrum the molecular peak is located at 220 mass units.

The characteristic peaks are also 1 92, 1 77 and 1 49, which correspond to the known

fragmentation pattern of the coumarin structure. The elemental analysis corresponds

to the formula CnHsO?. The product (II) is hitherto not described in the

literature. All data of evidence for the proposed structure are summarized in Table II.

TABLE II

m. p. 226-227^0, (II), Anal.: Found: 59,86"., C; 3.76% H Calcd. for

60.00% C; 3.66% H CnHgO;

IR~(KBr):Ymax (cmz'r~ 1731, 1160, 1070^ 1330, 2940, 870

MS: m/e" 220, 221, 190, 205, 192," 177,' 149, 147

■H 60 MHz

NMR (CDC13)

(ppm)

7.55 (IH, d, 7-9 Hz)

6.57 (1H, s)

6.20 (1H, d, 7 9 Hz)

6.12 (2H, s)

3.90 (3H, s)

H-4

H-6

H-3

7,8 - OCH2O-

OCH3-9
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Finally, the third isolated product was identified as 3(3-hydroxy-urs-12-en-27,

28-dionic acid (III) and has a melt;ng point of 296°C, recrystallized from acetone.

This ursolic acid derivative is known as quinovic acid, and is also found in other

plant species and its antitumor activity is established13-14.

 

In Table III all data of evidence are presented.

TABLE III

m. p. 296°C, (III), Anal.: Found: 74.22% C; 9.28% H Calcd. for

74.07% C; 9.48% H CsoH^Os

IR (KBr): v max (cm-') 3500, 3000, 1500, 1020

»H 60 MHz 5.28 (2H, q) H-12

NMR (CDQa) 4.40 (1H, t) H-ll

(ppm) 3.85 (m) HO-3

0.9 — 1 . 5 Cm) H and CH3 of the saturated system

EXPERIMENTAL

Melting points (uncorrected) were taken on a Biichi melting point appaiatus. Infrared

spectra were recorded on a Perkin-Elmer Spectrometer, Model 337 (in KBr discs), and UV

spectra on a Perkin-Elmer instrument Model 137. NMR spectra were taken on a Varian 60A

spectrometer in CDCb using tetramethylsilane (TMS) as the internal standard (chemical shifts

are given in a values, and the coupling constants in Hz. The symbols s, d, t, q, and m stand for

a singlet, doublet, triplet, quartet, and multiplet, respectively). Mass spectra were measured

on a Varian MAT CH— 5 instrument. Thin-layer chromatography was performed on silica gel

G using for elution petrolether, benzene, ethyl acetate, acetone and methanol. When necessary,

UV spectra were measured after the addition of different additives12.

Isolation of the chemically pure compounds I, II and III. Ten kg of the air-dried inflores-

centiae plant, Vaucher No 100978 were extracted with 10 liters of chloroform. After the removal

of the solvent in vacuo, the crude extract was dissolved in 330 ml of ethanol, 330 ml of water were

added, and then, under reflux 38 g of Pb(OAc)2, dissolved in 38 ml of water. The precipi

tate was filtered the second day through a layer of Hyflo-supercell, and after the evaporation of

ethanol, the remaining filtrate was extracted with chloroform. By such a procedure, 14 g of the

purified extract were obtained which were chromatographed on a silica gel column, prepared

from 300 g of silica gel 0.063 — 0.200 mm in benzene. Elution with different solvents was carried

out, fractions of 50—100 ml were collected, ana the elution was controlled by thin layer chroma

tography (TLC). The development of the thin layer plates was carried out by spraying with sulph

uric acid (1:1), and heating the plates to 105". The derivatives of flavonol (I) and coumarin

(II) were isolated from the nonpolar fractions, using mixtures of benzene and ethyl acetate (9: 1)

as cluents, and the derivative of ursolic acid (III) by elution with acetone.

*
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H 3 B O

XEMHJCKO HCnHTHBArbE BHJbHE BPCTE ARTEMISIA VULGARIS L.

(COMPOSITAE)

MHJiyTHH CTE*AHOBHTi, MHOflPAr 'BEPMAHOBHTi h MHPJAHA BEPEHHEBHH

XeMujcKu uHCiiiuuiyui, npupodno-MauieMaiuuHKu tpaxyniueui yHutepmiueuia y Beoipady, u. up. 550,

11001 Eeoepad u TIojbouputpebHU ipaxyAiuew y'iui»ep3uiueuia y Eeoepady, 11080 Eeozpad

H3onoBaHe cy h uneHTHtJiHKOBaHe ipH KpHCTajiHe cyncraHne H3 aoirtahe 6mbHe Bpcre

Artemisia vulgaris L. (Compositae), y6paHe y .UejmojiaTCKoj neumapH. KpHCrajma jcnHK>en>a no

xcmbjckom cacraBy npeflCTaBn>ajy: 5,3'-AHXHApoKCH-3,7,4'-TpHivieTOKCH-<t)jiaBOH (I), 7,8-MCTHJieH-

flHOKCH-9-MCTOKCH-KyMapHH (II) H 3P-XHflpOKCH-ypC-12-eH-27,28-flHOHCKa KHCeJUIHa (III).

H30JiOBaH>e xeMHjcKH mhcthx jeAiin>eit>a H3BptueHO je xpojwaTorpatpcKOM MeronoM Ha CTy6y

curiHKa-rejia npewmnheHor xnopod>OMCKor eKcrpaKTa. H,neHTi«pHKaiiMja je H3BpuieHa yrjiaBHO.w

HHTepnpeTauiijoM cbraHWHX h xe/wiijcKHX noaaTaxa.

(flpHMJbeHO 8. OKTo6pa 1981)
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Two new sesquiterpene lactones of the eudesmanolide type, that we named

beogradolide A (I) and beogradolide B (II), were isolated from the flowers of Tana-

cetum serotinum L. (Compositae). The structures and configurations of these lactones

were established mainly on the basis of the physical data collected (IR, UV, XH NMR,

MS), but also by using some simple chemical transformations. Both lactones (I and II)

are esterified in position C — 8, I with 3-hydroxy-3-methyl-butanoic acid and II

with 4-hydroxy-2-methyl-(E)-butencic acid, and contain a a-methylene-v-lactone ring

which is known as a structural unit that might impart physiological activity.

The chemical investigation of domestic plant species of the genus Tanacetum

(Chrysanthemum) (T. parthenium L., T. vulgare L., T. marcrophyllum Willd.,

T. corymbosum L, T. serotinum L.) on the contents of sesquiterpene lactones has

revealed that this genus contains three types of these compounds, as follows:

germacranolides, guaianolides and eudesmanolides, formed following similar bio-

genetical pathways. Since this paper is concerned with eudesmanolides, at this

point, only the literature references dealing with the isolation and identification

of eudesmanolides from different species of this genus are referred to1-13.

As already mentioned, in this paper we intend to present full evidence for

two new sesquiterpene lactones of the eudesmane (selinane) type, that we named

beogradolide A (I) and beogradolide B (II).

Using procedures for extraction and work-up regularly employed in our lab

oratories14, we isolated by column chromatography over silica gel a colourless

product (see Experimental); melting point 130°; [a]/,20 + 166.44° (c=l, CHC13);

molecular formula C20H28O6 (elemental analysis and h. r. MS). The IR spectrum

(KBr disc) showed absorption for the y-lactone ring at 1785cm-1, two peaks for ter

tiary (3530 cm-1) and secondary (3400 cm-1) hydroxyl groups, absorption at 1730

cm-1 for the ester carbonyl, at 1210 cm"1 for C—O vibrations and at 1660 cm-1

for the double bond. The UV spectrum in methanol solution showed a maximum

at X 207 nm with an absorption coefficient of 6558. The 1H NMR spectrum [60

MHz, CDCI3, TMS, 8 (ppm) units) two one-proton doublets at 6.14 (y=3Hz,

H— 13b), and 5.60 (/=3Hz, H— 13a), which are characteristic for a,(3-unsaturated

13
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Y-lactones. The proton under the lactone ring exhibits the signal located at 4.07

as a triplet, with coupling constants of 11Hz for Jw and Je,s> this being proof

for the irons-relationship between C-5 —C6 — C7 protons. Through an analogy

with the other known eudesmanolides, the rrans-lactone ring junction can safely

be proposed, and a CD curve with a negative Cotton effect is to be expected, al

though the side chain connected to C-8 may interfere with the application of

the Stocklin-Waddell-Geissman rule15.

The proton under the hydroxyl group at C-l appears as a multiplet centered

at 3.68. Its position at a higher magnetic field suggests axial orientation, i. e., the

hydroxyl group is in equatorial and |3-orientation. This was taken as satisfactory

proof for the configuration at C-l, although the true configuration at this center

may be resolved only by using more absolute methods, such as Brewster's benzoate

method16 or Horeau's method17. Application of these two methods has successfully

been demonstrated in establishing the structure of the eudesmanolide dihydro-p-

-cyclopyrethrosin, isolated from Pyrethrum flowers5. The signal for the vinyl

proton at C-3 appeared as a multiplet centered at 5.38, and methyl groups at

C-I4 and C-15 gave signals at 0.92 and 1.83 as singlets, respectively.

Finally, the side chain connected to C-8 is in the most favourable equatorial

and a-orientation, and the axial (3-proton is centered at 5.20 as a multiplet. The two

equivalent protons at C-2' are at 2.53 as a singlet, while the two geminal methyl

groups at C-3' are at 1.30, also as a singlet. The presence of 3-hydroxy-3-methyl-

-butanoic acid is also confirmed by analysing the mass spectrum. Thus, mass

spectrum peaks at m\e 83 [(Me)2C=CH-CO]+, 59 [C(OH)C(CH3)2]+, and 55

(C4H7 by loss of H2O and C— 1' — 2' scission), are diagnostic of the side chain.

Obviously, the base peak registered {mje 228) can be accounted for by the splitting

of the ester group followed by the cleavage of two molecules of water. Because

of these cleavages, in our experiments, no trapping of the molecular peak M+ was

observed.

TABLE I. *H NMR data* for compounds I, la, II and Ila

I Ia II Ila

H-l 3.68 m 4.93 m 3.62 m 4.80 m

H-3 5.38 m 5.42 m 5.38 m 5.26

H-6 4.07 t 4-05 t 4.23 t 3.99 t

7=1 1Hz /=1 1Hz 7=llHz 7=llHz

H-8 5.20 m 5.25 m 5.25 m 5.16 m

H-13a 5.60 d 5.59 d 5.50 d 5.36 d

7=3Hz 7= 3Hz 7=3Hz 7= 3Hz

H-13b 6.14d 6.14 d 5.97 d 5.96 d

7=3Hz 7=3Hz 7=3Hz 7=3Hz

H-14 0.92 s 1.06 s 0.95 s 0.96 s

H-15 1.83 s 1.88 s 1.80 s 1.84 s

H-2' 2.53 s 2.95 s — —

C - 2'- Mc — 1.82 s 1.86 s

H-3' — — 6.85 m 6.65 td

H - 3'- 2Mc 1.30 s 1.56 s —

7=6Hz;7=2Hz

H-4' — — 4.32 m 4.65 d

7=6Hz

Ac — 1.96 s — 1.96 s

2.06 s 1.98 s

* Spectra of all compounds were taken in deuterochloroform except for compound II

which was taken in deuteroacetone.
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It is interesting to note that recently the same acid was found as a consti

tuent of the germacranolide tetrahelin E (isolated as a non-crystalline compound

from the species Tetragonotheca helianthoides [Compositae]12), and this fact further

stresses the biogenetic inter-relationship between germacranolides and eudes-

manolides.

Although the analysis of spectral data set out above, clearly signalled structure

I for beogradolide A, we made an additional effort to gather chemical evidence

supporting this structure. Thus, we prepared the l,3'-diacetate of beogradolide

A (I) by the simple heating of I, on a water bath, with acetic anhydride followed

by chromatographic purification. The diacetate obtained (la) gave the correct

elemental analysis, and its *H NMR data (see Table I) was in full agreement with

the structure proposed (la), thus indirectly confirming the structure of beogrado

lide A (I).

The second crystalline product, which we named beogradolide B (II) has

the following physical and spectral properties: melting point 165°; specific rotation

[a]D20+200.6° (c=l, MeOH); UV spectrum: X max 209 nm (s = 17000). The

molecular formula corresponds to C20H26O6.

Similar reasoning was used for arriving at the structure of beogradolide B.

Thus, from the XH NMR data measured it was evident that the same eudesmanolide

skeleton was present as in beogradolide A (I), the only difference being in a side

chain in the position at 08. The new signal at 6.85 (multiplet) was indicative

for the proton of a double bond in the side chain, while its position as related to

 

I R = R"=H BEOGRADOLIDE A

U. R=R>Ac

II . R= R'= H BEOGRA DOLI DE B

IIa,R=R,=Ac

 

TO tO 5.0 l«I ii) 10 20 u> 01

Fig. 1. lH NMR-spectrum of beogradolide A (I)
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the C-2' methyl group (singlet at 1.82) signals a trani-(E)-relationship. The

mass spectrum gave a base peak of mje 99 which explains the nature of the side

 

»3 7J> to m i') IP m £o to o

Fig. 2. !H NMR-spectrum of beogradolide B (II)

chain moiety C5H7O2 [+0=C-Qarl3)=CH(CH2OH)]. For similar reasons as in

beogradolide A (I), the molecular peak could not be detected.

Although this ester residue [residue of 4-hydroxy-2-methyl-(E)-butenoic acid]

has not been insofar found as a constitutive part of the side chain in eudesmanolides,

its presence in germacranolides has been reported8. Thus, it seems that the results

of this paper can be used as additional support for the anticipated precursor role

of germacranolides in the biogenesis of eudesmanolides.

Finally, we converted beogradolide B (II) into the l,4'-diacetate of beogrado

lide B, by treating II with Py/Ac20 at room temperature under anhydrous condi

tions. The diacetate obtained (II a), in spite of careful chromatographic purification,

failed to crystallize but, nevertheless, gave the correct elemental analysis and

JH NMR data consistent with structure II a (See Table I).

EXPERIMENTAL

Melting points (uncorrected) were taken on a Micro-Heiztisch-Boetius melting point

apparatus. Infrared spectra were recorded on a Perkin-Elmer spectrometer, Model 337 (KBr

discs or CCI4 solns.), and UV spectra were taken on a Perkin-Elmer instrument, Model 137.

'H NMR spectra were measured on a Varian 60 A spectrometer in CDClg using tetramethyl-

silane (TMS) as the internal standard [chemical shifts are given in ppm (8) values and the coupling

constants in Hz, with the symbols s, d, t, q and m, indicating singlet, doublet, triplet, quartet

and multiplet, respectively. Mass spectra were obtained on a a Varian MAT CH-5 instrument.

Thin-layer chromatography (TLC) was performed on Silica gel G, the spots being detected by

spraying with 50% aq. H2SO4, and heating the glass plates to 100°. Column chromatography

was performed on silica gel (0.05 — 0.2 mm), and elution was effected with petroleum-ether, ben

zene, chloroform, ether, and their mixtures. Specific rotations were determined in CHCI3 or

MeOH solutions.

The plant species Tanacetum serotinum L. (Compositae), collected nearby Beograd (Bel

grade) on August 23, 1980, Vaucher No. 230880, was air dried and milled. 7. 1 kg of the aenal

parts of the plant were dipped into CHCI3 and left to stand at room temperature for 48 h. After

filtration, the CHCI3 extract was evaporated under reduced pressure, the extraction was repeated

and the CHCI3 extracts were combined. The crude extract (219 g) was dissolved in 600 ml of

ethanol unaer reflux, and 600 ml of hot water was added. To this solution, 100 g of lead (II) ace

tate were added, dissolved in 80 ml of HgO and refluxed for 3 h on a water bath, and finally filtered



LACTONES FROM Tanacetum serotimim L. 17

through Celite. By distillation under diminished pressure the solution was reduced to one half

of its original volume and was afterwards extracted with chloroform. After the elimination of

CHCls a brown oil remained (38 g) which was chromatographed on a silica gel column (1000 g)14.

Beogradolide A

Fractions numbered 201 — 221 (200 ml each), eluted from the column with a benzene-ether

(1:1) mixture gave a crystalline substance, m. p. 130° (recrystallized from ether-petroleumether);

166.5° (e=l, CHCI3); UV(MeOH) X max.: 207 nm (e 6558). IR(KBr), cm-i; 3530 (tert.

OH), 3400 (OH), 3400 (OH), 1785 (Y-lactone), 1730 and 1210 (ester), 1660 (double bond).

>H NMR spectrum 8: 0.92 (s; (3, C- 10, CH3); 1.30 (s) (6, C-3', 2CH3); 1.83 (8) (3.C-4,

CH3); 2.53 (s) f2,C-2',H); 3.68 (m) (1,C-1,H); 4.07 (t) (7=11 Hz) (1,C-6,H); 5.20

(m) (1,C-8,H,; 5.38 (m) (1, C-3,H); 5.60 (d) (7=3Hz) (l,C-13,Hb); 6.14 (dj (7=3Hz)

(1, C-13, Ha). Mass spectrum (MS) (probe) 70 eV, m/e (rel. int.): 264 (M-100)+ (5), 246

(M- 100- 18)+ (30), 228 (M- 100- 18- 18)+ (100), 83 (30), 59 (50), 55 (33). Analysis. Found :

C, 65.97; H, 7.47. Calc. for. CaoH3306 (364.44): C, 65.91 ; H,7.74%.

Beogradolide B (//)

Fractions numbered 235 — 255, eluted from the column with the mixture benzene-ether

(1:1) gave a crystalline product (from acetone + hexane), melting point 165°; [a]o20+200.6°

(e=l, MeOH); UV(MeOH) X max: 209 nm (e= 17000). IR(KBr), max, cm"1: 3460 (OH),

1750 (Y-lactone), 1720 and 1260 (ester group), 1670 and 1660 (double bond). *H NMR(deutero-

acetone)8:0.95(s)(3,C-10,CHs); 1.80 (s) (3,C-4,CHs); 1.82 (s) (3, C-2', CH3); 3.63(m),

(1,C-1,H); 4.23 (t) (7=11 Hz) (1,C-6,H); 4.32 (m) (2,C-4',2H); 5.25 (m) (1,C-8,H);

5.38 (m) (1,C-3,H); 5.50 (d) (7=3Hz) (1, C-13, Ha); 5.97 (d) (7=3Hz) (l,C-13,Hb);

6.85 (m) (1,C-3*(E) H). MS (probe) 70 eV, m\e (rel. int.): 246 (M- 116)+ (24); 228 (M-

-116-18)+ (95); 99 (CsHtOs)* (100%). Analysis: Found: C, 65.97; H, 7.49. Calc. for

CjoH2.0« (362.42): C, 66.28; H, 7.23%.

Beogradolide A, l,3'-diacetate {la)

The acetylation of beogradolide A (I) (200 mg) was performed by heating (I) with acetic

anhydride (4 ml) for 24 hrs on a water bath. A few drops of water were then added, followed by

n-heptane to remove the acetic acid. The colourless oil obtained, which solidifies, was dissolved

in benzene and the solution was filtered through a silica gel column (20 g). By elution with benzene

and evaporation of the solvent in vacuo, the pure, glassy oil was finally obtained, which failed

to crystallize, and had the following characteristics: [a]D!!S+ 157.04° (e= 1, CHCb); UV(MeOH)

Xmax: 206nm(s=4138). IR(CCU)vmax, cm-1: 1780 (Y-lactone), 1750, 1255(ester), 1660(double

bond). *H NMR (CDCI3): 8 1.06 (s) (3, C-10, CH3); 1.56 (s) (6, C-3', 2CH3); 1.88 (s) (3,

C-4, CH3); 1.96 (s) (3, acetate); 2.06 (s) (3, acetate) ; 2.95 (s) (2, C-2', H); 4.05 (t) (7=11

Hz) (1, C-6, H); 4.93 (m) (1, C-l, H); 5.25 (m) (1, C-8, H); 5.42 (m) (1, C-3, H);

5.59 (d) (7=3Hz) (1, C-13, Ha); 6.14 (d) (7=3Hz) (1, C-13, Hb). MS (probe) 70 ev, m/e

(rel. int.): 388 (M-60)+ (5), 328 (M- 60 -60)+ (5), 228 (M- 100- 60- 60)+ (100), 213

(M- 100- 60-60- 15)+ (54%).

Analysis: Found: C, 64.26; H, 7.27. Calc. for C24H3208 (448.51): C, 64.27; H,7.19%.

Beogradolide B, l^-diacetate

Beogradolide B (II) (200 mg) was dissolved in 4 ml of pyridine, 2 ml of acetic anhydride

were added and the solution was left for 48 h at room temperature. After the usual work-up, the

diacetate (Ha) was obtained as an oil with the following characteristics: [a] d25+ 187.22° (c = 1,

CHCls); UV(MeOH) Xmax: 209 nm (e= 18383). (IR neat), v max, cm-': 1785 (y-lactone),

1750, 1725 and 1240 (ester), 1660 (double bond). »H NMR (CDC13) 8: 0.96 (s) (3, C-10,

CHs); 1.84 (s) (3, C-4, CH3); 1.86 (s) (3, C-2', CH3); 1.96 (s) (3, acetate); 1.98 (s) (3,

•eettte); 3.99 (t) (7=HHz) (1, C-6, H); 4.65 (d) (7=6Hz) (2, C-4', H); 4.80 (m) (1,

C-l.H); 5.16 (m) (l.C-8, H); 5.26 (m) (l.C-3, H); 5.36 (d) C7=3Hz) (1, C-13, Ha);

5.96 (d) (7=3Hz) (l,C-13,Hb); 6.65 (td) (7=6Hz and 7=2Hz) (1, C-3', H). MS (probe),

70 eV, m/e (rel. int.): 446 (M+) 0). 386 (M-60)+, 228 (M-60- 158)+ (100), 223 (M-60-

-158-15)+ (49%).

Analysis: Found: C, 64.44; H, 7.00. Calc. for C24H30O8 (446.49) : C, 64.56; H, 6.77%.
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H 3 B O ,1

CECKBHTEPriEHCKH JIAKTOHH H3 JIOMATiE BHJLHE BPCTE TANACETUM

SEROTINUM L. (COMPOSITAE)

MHJIYTHH CTEHAHOBHTi, CJIOBOflAH MJIAflEHOBHTi, MMCWAr 'BEPMAHOBH'R

XeMujcKU uncuiuiuyiu TIpupodHO-MauieMauiuHKO! (ftaxyjiiueuia, Eeoepad u Ilucuiuuiyiu ia xe.uujy,

uiexHoitozujy u Meiua.iypeujy , Beotpad

it

HHKOJI . PHCTHH

Odcex 3a upexpaM6eny uiexHO/ioeujy, TIo.boupuepedHU (f>aKy.nTicui \'HUBepmuieuta y Eeoipady,

3ejnyn, Eeoipad

JlBa HOBa cecKBHTepneHCKa naKTOHa eyaeciwaHCKor Tuna, Koje cmo Ha3Bajni oeorpaaojiim A

(I) h Seorpaao/iHfl B (II), H3o/ioBaHH cy h HfleHTHCpHKOBaHH H3 floiwahe 6ivbHe Bpcre Tauecetum

(Chrysanthemum) serotinum L. (Compositae) y6paHe y okojihhm Beorpaaa. Grpyicrype n koh-

tpHrypai;nje obhx npo«3Boaa ojtper)eHe cy Ha ocHOBy npoyMaBan»a HHCppaupBeimx h yjrrpajbyBii-

tacTHX cneicrap?, h napowitTO TyMaweiteM 'H NMR cneKTapa obhx npoH3Bofla. Jlajbii ,noKa3ii

o KOH(bnrypaitHjH obhx npoH3BO/ta npHKynjteHH cy npoytaBait>eM peaKuirje aueTiiJioBan.a. Ooa

jtaKTona (I) h (II) ecrepHtpHKOBaHa cy y nojiowajy C-8, a to npon3Boa (I) ca 3-xtmpoKCH-3-Me-

THJI-6yTaH0B0M KHCCUHHOM a np0H3BOA (II) Ca 4-XHflpOKCH-2-MeTHJI-(E)-2-6yTeHOBOM KHCeJIHHOM,

ii caflpwe a-iweTiiJieH-Y-aaKTOHCKH npcTeii, 3a kojii ce 3Ha ;ta Mome jtaBaTH aHTHKaHueporeHe

oco6iiHe jeaiitt>eH.HMa y KOjHMa ce Hajia.m.

(IIpiiMJbeHO 10. HOBe.Mfipa 1981)
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3($-Hydroxy-16-oximino-5-androsten-17-one (2), obtained in the usual way

(from dehydroepiandrosterone I), has been converted into 3(i-hydroxy-5-androsten-

-16,17-dione (J) by treating 2 with sodium bisulphite in aq. acetic acid. By heating 3

in a mixture of acetic anhydride and pyridine at 100", 3P,16-diacetoxy-androsta-5,15-

-dien-17-one (4) was obtained. The same compound {4) was prepared directly

from 2, without isolating the intermediately formed 3 (in this case pyridine was

replaced by sodium acetate). Addition of a-picolyl-lithium (in a mixture of ether and

THF at —15°) to the 17-oxo group of 4 has afforded 3(3,17(3-dihydroxy-17ct-pico-

lyl-5-androsten-16-one (J) from which the isomeric 3(3-acetoxy-17-picolinylidene-5-

-androsten-16-ones (6 and 7) were prepared according to a known procedure1.

In our previous paper1 a synthetic method for preparing the isomeric 3(3-ace-

toxy- 1 7-picolinylidene-5-androsten- 1 6-ones (6 and 7), starting from dehydro

epiandrosterone (/), has been described. The second step of this synthesis1 in

volved obtaining 3(5, 1 7fJ-dihydroxy- 1 6-oximino- 1 7a-picolyl-5-androsten which,upon

hydrolysis of the 16-oximino-function to the corresponding 1 6-keto-group, un

derwent the Beckmann fragmentation reaction as well, thus considerably decreasing

the yield of the wanted 3p,17p-dihydroxy-17a-picolyl-16-keto-5-androsten (5).

In the present work, in order to overcome these difficulties, we have con

siderably modified the described synthesis1, starting again from dehydroepiandro

sterone (/). Scheme I represents our new alternative approach to the isomeric

ketones 6 and 7.

In this case, too, the first step consisted of preparing the intermediate 2

from dehydroepiandrosterone (I)1. The newly worked out synthesis starts with

the second step which involves the preparation of 3(3-hydroxy-5-androsten-16,17-

-dione (5).

The compound 3 had earlier been prepared by Thai and Gastambide2 in

two steps (by a reduction of the oximino-ketone 2 into the corresponding ketol,

with Zn in AcOH, followed by an oxidation of the intermediately formed ketol

with Cu(OAc)2 in methanol, whereupon 1 6, 1 7-diketone 3 was finally obtained).

Their attempt2 to convert the 16-oximino-group of 2 to the corresponding 16-keto-

-function, by using known mild methods3 0, had failed. In their case, even the

mildest possible Huffman method was not successful2.

In this work, however, we were able to prepare the wanted diketone 3, in

a single step, by using a modified Huffman procedure. The yield of 3(3-hydroxy-5-

-androsten-16, 17-dione (J) was cca 50%. As the spectorscopic data for 3 had

not been given in the chemical literature (probably due to the relative instability

19
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of 3), we confirmed the structure of 3 by the corresponding UV, IR, NMR and

M-spectra, as well as by a satisfactory elemental microanalysis (see Experimental

part).

 

2 6

Scheme I

The further and crucial idea of this synthetic approach was finding out

a convenient method to differentiate the two carbonyls in 3. Namely, it is obvious

that the 1 6-keto-group could be enolized (due to the presence of the two vicinal
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H-atoms at the C-15) and thus protected. On the contrary, the 17-keto-group

can not be enolized, and thus will remain reactive towards an organolithium reagent.

This simple consideration led us to an idea to protect the 1 6-keto-group through

the formation of the corresponding 1 6-enol-acetate-function. In this way we would

indirectly protect the 16-carbonyl group from an attack of a-picolyl-lithium (see

the postulated intermediate 4a, scheme I). For that purpose, we have succeeded

to convert 3p-hydroxy-5-androsten-16,17-dione (5) to 3p,16-diacetoxy-5,15-andro-

stadien-17-one (4) by heating 5 in a mixture of acetic anhydride and pyridine

at 100°. The enol-acetate 4 was also directly prepared from the oximino-ketone 2,

without isolating the intermediately formed 16,17-diketone 3, in which case pyridine

was replaced by sodium acetate.

The IR spectrum of 4 shows a characteristic intense band at 1770 cm-1

corresponding to the carbonyl group of the 16-enol-acetate function. The 17-oxo

group appears at 1725 cm-1 (a conjugated five-membered ketone). The band at

1620 cm-1 corresponds to the Ci5=Cie double bond. In the NMR spectrum there

appears a characteristic singlet at 2.25 ppm and a doublet at 7.1 ppm correspon

ding to the Cie-OAc group and to the vinyl- C(15)-Z/ atom.

A successful and a very selective addition oa a-picolyl-lithium to the 17-keto

group of 3p,16-diacetoxy-5,15-androstadien-17-one (4) has been carried out in

ether-THF at —15° (most probably via the intermediately formed enolate anion

4a), whereupon 3(l,17(J-dihydroxy-17a-picolyl-5-androsten-16-one (5) was isolated

as the only reaction product.

The structure of the reaction product 5 has been confirmed by the corres

ponding IR, NMR and M-spectra, as well as by the mixed melting point with

an authentic sample of J made by the previously described procedure1. The com

pound 5 was finally converted to the mixture of isomeric ketones 6 and 7, in boiling

acetic anhydride, as previously described1.

As there was a theoretical possibility that a-picolyl-lithium could selectively

be added to the 17-keto group of" 3, enolizing at the same time the 16-keto group

(with formation of 4a), we considered worthwhile an attempt to react 3 directly

with a-picolyl-lithium in ether-THF at —15°. On the other hand it was equally

possible that a-picolyl-lithium would be added to both 16- and 17-carbonyl-func-

tions thus affording the mixture of stereoisomeric bis-addition-products.

An adequate experiment was carried out, whereupon a complex reaction

mixture resulted consisting of mainly three addition products, none of these was

identical with the expected product 5, according to IR spectra and TLC. Further

investigation of these products has not been performed, since our primary interst

was a rational synthesis of 5.

EXPERIMENTAL

IR bands are given in cm-1 (recorded with a Perkin-Elmer 457 IR spectrophotometer);

chemical shifts are given in ppm values; symbols s, d, t, q and m denote singlet, doublet, triplet,

quartet and multiplet (NMR spectra were recorded with a Varian 60 A) ; mass spectra were taken

with a Varian CH— 5 (first number denotes the m\e value, and the ion abundances are given in

parentheses); UV spectra were recorded with a Specord UV-VIS, Carl Zeiss, Jena, German D. R.

at room temperature. Melting points were determined with a Biichi SMP-20 and were not cor

rected.
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3$-Hydroxy-5-androsten- 16, 1 7-dione (J)

Sp-Hydroxy-^-oximino-S-androsten-n-one1 (2) (0.951 g; 3 mmol) is heated in glac-

acetic acid (36 cm8), at 100°, with anh. NaHS03 (9g; 86.5 mmol) until the evolution of SOz

ceases. Water (9 cm8) is then added and heating is continued for another 45 — 60 min. The reaction

mixture is diluted with water (cca 500 cm3) and the by-products are extracted with ether ( 1 50 cm3).

The clear yellow aqueous layer is neutralized with solid NaHCOs, then saturated with NaCl

and extracted several times with CHCb. The yellow CHCU extract is dired with anh. NasSO.].

After the removal the drying agent and solvent a yellow crystalline product remained (0.46 g;

50%), which upon recrystallization from acetone-hexane melted at 185 — 190°. IR spectrum:

3400, 1750, 1050cm-1; NMR spectrum (CDCI3): 1.05 (s, 6H), 3.2-3.9 (1H), 5.4 (d, 1H); mass

spectrum m\e: 302 (M+, 33), 232 (100), 214 (41), 199 (35), 105 (30), 91 (331); UV spectrum

(EtOH, EtONa): Xmax 311-314 nm. (Calculated for C19H26O3 ■ 1/2 H2O: C, 73.31, H, 8.68.

Found: C, 72.94, H, 8.30).

I6-Diacetoxy-5, 15-androstadien-J 7-one (4)

Procedure A. 3[i-Hydroxy-5-androsten-16,17-dione (0.336 g; 1.112 mmol) is dissolved

in pyridine (16.5 cm3) and acetic anhydride (16.5 cm8) and the resulting solution is heated at 100° for

45 min. The reaction is stopped by pouring the reaction mixture into water, and upon acidification

with HC1(1 : 1) to pH= 1, the reaction product is extracted several times with ether. The combined

ether extract is washed with saturated aq. NaHCOs and then dried with anh. NaaSO.4. After

removal of the drying agent and solvent the crude product 4 is obtained (0.304 g). Chromatography

on a column of silica gel (20 g; benzene-ethyl acetate 9:1) afforded the pure product 4 (0.199 g).

Crystallization of 4 from acetone-hexane afforded the pure crystalline product 4, m. p. 159°

(150 mg, 34%). Repeated chromatography on silicagel and recrystallization from acetone-hexane

afforded the analytical sample of 4, m. p. 162°. IR spectrum: 3075, 1770, 1725, 1620, 1250, 1200,

1030, 1018cm-i; NMR spectrum (CDCl3): 1.1 (s, 3H), 1.2(s, 3H), 2.0(s. 3H), 2,25 (s, 3H), 4.3-4.9

(1H), 5.5 (d, 1H), 7.1 (d, 1H); Mass spectrum m\e: 326 (M+-CH3COOH; 89), 311 (30), 284

(73), 160 (41), 145 (76), 105 (40), 81 (45), 43 (100); The UV spectrum (EtOH): Xmax 239 nm.

(Calculated for C23H30OB; C, 71.48, H, 7.82. Found: C, 71.31, H, 7.77).

Procedure B. 3|3-Hydroxy-16-oximino-5-androsten-17-one (2) (0.951 g; 3 mmol) is heat"

ed in glacial acetic acid (36 cm8) at 100° with anh. NaHS03 (9 g; 86.5 mmol) until the

evolution of SO2 ceases. Water (9 cm3) is then added and the reaction mixture is slowly

conncetrated in vacuum at 90° during the next 45 — 60 min, whereupon the reaction is

finished and the solvents are removed. The solid residue is dissolved in acetic anhydride

(50 cm3) and the solution is kept at 100° for 30-40 minutes. Water (200 cm3) is then added and

the crude 4 is extracted with ether from neutralized (NaHCOs) solution. The ether extract

dried with anh. Na2S04 and the drying agent and the solvent are then removed. The crude prod

uct 4 (0.965 g) is chromatographed on silicagel (25 g; benzene-ethyl acetate, 9:1), whereupon

an oily yellow product is obtained (0.565 g). Upon recrystallization the pure crystalline 4 is ob

tained; mp 153° (0.511 g; 43%). The analytical sample is obtained by repeated chromatography

and recrystallization from acetone-hexane (m. p. 162°).

3$,1 7$-Dihydroxy-17a-picolyl-5-androsten- 16-one (5)

Lithium (0.386 g; 56 mmol) cut in small pieces is added to abs. ether (40 cm3), followed

by the gradual addition of dry bromobenzene (3 cm3; 28.7 mmol). The mixture is intensively

stirred at room temperature in an atmosphere of hydrogen or nitrogen. After the lithium has

reacted (1—2 h), a-picoline (3 cm3, 31 mmol) is added and stirring in inert atmosphere is con

tinued for another hour. To the thus abtained dark red solution of a-picolyl-lithium, 3fi,16-diace-

toxy-5,1 5-androstadien-17-one (4) (0.222 g; 0.56 mmol) disolved in dry THF (20 cm3) is slowly

added at —15°. The reaction mixture is left at room temperature overnight, diluted with water

(500 cm3) and extracted with ether. Upon usual work up and the removal of traces of a-picoline

by codistillation with toluene in vacuum, the crude 5 (1.09 g) is obtained. Chromatography on

silicagel (30 g; benzene ethyl acetate 2:1) afforded the pure product 5 (0. 1 40 g). Repeated chromato

graphy and double recrystallization from ethyl acetate-hexane afforded the crystalline product 5,

m. p. 190° (0.058 g; 26%). The analytical sample of 5, m. p. 194°, is obtained by double recrys

tallization from ethyl acetate.

+
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H3BOH

AJITEPHATHBHA CHHTE3A 3|3-AlXETOKCH-17-nHKOJIHHHJlHflEH-

-5-AH^POCTEH- 1 6-OHA

flyniAH A. MHJBKOBHTl H KATAPHHA M. TAU1H

llHciuuiuyui 3a xcMujy npupodHO-MOmeMcamcHJun (fiaKyAuieuia yHUsep3uiueiua y Hosom Cady,

B. Bjiaxosuha 2, 21000 Hoeu Cad

3p-XHflpoKCH-16-OKCHMHHO-5-aHflpocreH-17-oH (2), Ao6nBen Ha yo6iraajeHii Ha*iHH (H3

flexmrpoermamxpocTepoHa J), npeBe/teH je y 3P-XHflpoKCH-5-aHflpocTeH-16317-flHOH (J) TpeTHpa-

H>eM 2 c HaTpnjyM 6Hcyji<J)HT0M y BOfleHoj CHpheTHoj KHcejnnm. 3arpeBaH>eM 3 y owenm anxii-

apiiaa cHpheroe KHcejitnie h nupHAHHa Ha 100°, flo6nBeH je 3P,16-AHaijeTOKCHaHflpocTa-5,15-

-AHeH-17-oH (4). Hero jenmbetbc (4) jtoomeHO je flnpeicrHo H3 2, 6e3 H30JiOBaH>a mrrepMeflHjepHO

creopeHor 3, (y obom oryqajy iihphahh je 3aMeH>eH HaTpnjyM aueraTOM). Ajumtija a-nHKOJimi-

-jiimfjyMa (y ciwecu eTpa h THF) Ha —15°) Ha 17-OKCo-rr.yny jeflHH>ett>a 4 nana je 3(3,17P-flH-

XHapoKCH-17a-nHKOjnui-5-aHapocTeH-16-oH (5) H3 Kora cy raoiwepHH 3P-aiteTOKCH-17-nnKOJi«-

HHJnweH-5-aHflpocTeH-16-OHH (6 H 7) AooHBeHH npema Beh pa3par)eHoiw nocrynKy1.

(ripHMJbeHo 12. HOBejw6pa 1981)
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(WE-BHBAHjE KOHOOPMAUHJE nOJIHMEPHHX HH30BA

I1PHMEHOM METOJJE MOHTE KAPJIO
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TexnoAoutKu fancymueiu ymuepniiBtXa y HotoM Cady, 21000 Hom Cad

(npnuMBO 10. jyHa 1981; peuwpmo 20. hobcm6p* 1981)

npeAJioweHO je hckojihko ajrrepHaniBHHx Moaejia nojniMepHHx HH30Ba

(npe cBera nojmMeranencKor Tuna), mhjhm ce pemasaaeM oapeljyje tuaem naj-

BepoBaTHHja koh(popaumhja. npiuuwui onpdpiBaifca je ciepoo paaMetnnnM nam

rnaBHor mm Ha KpajeBiiMa HSBOAHHqa KQHyca (popMiipaHHx oko nperxo/nrnx

C—C BC3a, y auiafly ca npeTxoaHO ycBojeHHM UfpmmaamMi. PeayjrraTH pp&»\ttm

pemaBaocM Moflejia ynope^eHH cy ca eKcnepuMCHTajiHO oapeljeHHM (npey3eTH*i H3

JiBiepaType). nocTHTByro je 3aflOBOJt>aBajyhe cnara&e.

Je^Ha on 3HaqajHHX KapaKTepHCTHKa nojmMepHor Jiaima je HberoBa cnoco6-

hoct na y npocropy 3ay3Me orpoMaH 6poj KOHtpopMaiwja, y 3aBHCHOCTH o,n crepHor

pacnope,na H>eroBHX qecmna.

Ilo3HaTa je npnMeHa npouejrype Moirre Kapno, noceSwo y nocjieaibe BpeMe,

Ha oape^HBaite KOH<popMan,Hje nojuusepHHX HH30Ba, jep OHa no cBojHM KapaKTe-

pHCTHKaMa BeoAia ycneuiHO CHMyjmpa crepHO pa3MenrraH>e aTOMa rnaBHor HH3a,

nao h H>eroBe ocooHHe1-6.

y obom paay MoHre Kapno TexHHio je npHMeH>ena Ha cneuHcjmqaH HaMHH,

kojh OMoryhaBa BeoMa jeAHOcraBHy HyMepHwy nponeaypy, a y 3aBHCH0CTH on

nocraBJbeHHX orpaHiraeaa h Spoja noHOBJbeHHX npopaMyna, yrepljeHa KOH<pop-

MaiDija ce BeoMa npH6jin>KaBa cKiryrraaHOM, peanHOM hjih nornyHO HcrerHyTOM

MOJienyjiy TpaHc-<popMe.

H3 »nffi>eHHne ^a cy H3Merjy Be3a C-aTOMa Jiaiiqa (,ny>KHHe L) yrjiOBH 4>hkchh>

npoH3HJia3H onuiTH npHHiBffl Mer)yco6Hor Be3HBan,a aTo.via: npaBan, CBane Be3e

y npocropy yBeK ce noKnana ca npaBneM H3BOflHHne Konyca, »mja je BHCHHa

KOJiHHeapHa ca npaBueM rrpeTxojiHe Be3e. Y CKJiaay ca noiweHyniM orpammeibHMa

aHajiH3Hpano je hckojihko ajrrepharabhhx Moaejia:

1 . IlojiOHoj aTOMa y npocropy oflaSnpa ce cjryqajHO, Tano fla cy cbh npaBUH,

KOJiHHeapHH ca H3BoaHHuoM KOHyca, jeflHano BepoBaTHH;

2. IIojio>Kaj aTOMa ofla6npa ce Ha npeTxoflHO (J>opMyjiHcaHOM npimnHiry, y3

AOflaTHO orpamreeibe aa jeflHOM 3anoce,znryT npocrop He MOH<e 6hth noHOBO 3ay3eT.

06a HaBeflena aryiaja cna^ajy y MO^ejie nojiHMepHnx HH30Ba ca HeorpamraeHOM

MoryhHOinhy yHyTpauiH>e poTaunje;

3. yHyTpaunta poTaunja ce orpammaBa, a Ha ocHOBy no3HaTor noflaTKa

o yrjry (yrjiOBHMa), oaper)eHOM noMohy noTemuijajia yHyTpamibe poTanjnje, najia3H

ce orrrHMajiHO pacrojaH>e H3Mer)y j'-Tor h i+3-her C-aTOMa.

25
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riojioH<aj aTOMa y npocropy o;rper)yje ce na ocHOBy npiiHirHna H3pa>KeHor

y nperxoaHoj ajiTepHaTHBH, ana y ciciaay ca orpaHH^eibeM (pacrojaibeM) (popiwyjiH-

caHHM y nperxoAHOM craBy;

4. Ilpn o,aper)HBaH>y nojio>Kaja aTOMa jiaHua 3HaMajHO ce orpaHH^aBa yHy-

TpamH>a poTaumja, iiito bo^h na MaKCHMajiHoj ay>KHHH HH3a, KapaKTepHCTHMHoj

3a BejiHKy BehHHy MOJienyjia y KpHcrajiHOiw craiby. OrpaHHMe&e noje ce HaMehe

iipn HyAiepHWOM OApel)HBaH>y aywHHe HH3a je: BepoBaninje je ay>Ke pacrojaH.e

C<C<+3 ofl Kpaher.

OnpeAejbHBaibe 3a HaBefleHe ajuepHaTHBe OMoryhaBa HyMepiraKO o;rper)H-

Ban>e ay>KHHe nojiHAiepHOr HH3a y flBa eKcrpeMHa cjiyyaja, Ka^a je yHyTpaiiiHba

poTaimja HeorpaHHMeHa a na^a je 3HanajHO orpaHHMeHa.

3a oflpe^HBaH>e aHMeH3Hja nojiHMepHor HH3a y ocrajiHM cjiy^ajeBHMa Heon-

xoflHO je no3HaBaTH yrjiOBe yHyTpauiH>e poTau,Hje, Tj. yHyTpamiie-poTamiOHe no-

TeHUHjaiie. Ha ocHony noaaTaKa o noTemiHjajiHMa yTBp^yjy ce craTHCTHMKe TeH<HHe

nojeflHHHX MoryhHX nojiowaja h nponeHbyje MoryhHocr ^a ce ycnocraBH oaper)eHO

CT3H>e.

36or nojeflHOCTaBJteHba nocTynna o;iper)HBaH>a npocTopoHor pacnopeaa aTOMa

y HH3y nojia3n ce ojx npeTnocTaBKe n& ce npBH aTOM Hajia3n y KoopflHHaTHOM

noqeTKy (cji. 1). IlceyflocjiyyajHii npaBan npBe Bajiemje o/iper)yje ce nocraBJbaHbeM

nopMajrae paBHH (B) na ejieMCHTapny noBpniHHy y Koop^HHaTHOM nowrKy (y

2=0 paBHH) Tj. reHepiicaii.eM nceyaocnyiajHor Spoja (yrjia) y HHrepBajry oa

0 2-: y=tg(Ra 2-) x.

riceyAOCJiy^ajHHM H36opoM Gpoja RCOs ? (pHKcapa ce npasan npBe Be3e

y npocTopy. Ha OBaj Ha<raH oGe3oel)yje ce noTnyHa cjiyqajHOcr y oflaGnpaity

npaBi;a Be3e. 3ai<jByqai< npoii3HJia3n 113 AetpHHimnje npocropHor yrjia6'7.

Koop/tHHaTe apyror aTOAia HH3a OApet)yjy ce npniweHOM jeanocTaBHHX reo-

.MeTpHjcKHx pejiannja (cji. 1), H3 Kojux cjie^H:

x-2=L cosa(l — cos2^)1 !2, yz—L sina(l — cos2^)1 12 h z-z=-L cos[i.

Upone/typa ce HactaBJba OApehnBaibeM nojio>Kaja (KoopfliiHaTa) ocTanHX aTOMa HH3a,

nOCTYnAK OflPE-BHBArbA

 

Gratca 1 Figure

3anoHHH.aH>e nojiH.wepHor Hii3a

Initiation of the polymer chain

Cjiiiio 2 Figure

IIojiiiMcpiiH hh3 ca Ha3Ha»ieHHM ochobhhm reo.MeTpnj-

ckhai napaMeTpwHa

Polymer chain with indicated geomertical parameters
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y UHJLy fle(})HHHcaH>a ochobhhx napaiweTapa nojiHAiepHor Jianua 3aMHCJiHM0

je^aH oa Moryhnx (en. 2). IIpoojieM ce cacrojH y OAper)HBaH>y H3BOAHHue KOHyca,

t. j. npaBua Be3e aieAeher aTOAia y npocropy, oahocho Tpe6a yTBpAHTH i<oopAHHaTe

Ta»me Ct+i Ha Kpy>KHHHH 6ase KOHyca, Tano ^a cbh npaBijH 6yay jeAHaKO Bepo-

BaTHH, a Ha ocHOBy nperxoAHo OApeljeHHX KOopaHHaTa C<_i h Cf-Te Tawe y

npocropy.

H3 no3HaTHX noflaTaKa Mory ce oapeflHTH BejiHiHHe paAHjyca h bhchhc

R=L sin<p oahocho, H=L coscp, rge je 9 KOMmieMeHT yraa <t>.

Caaa ce, Ha Bpjio jeAHOcraBaH HaMHH, Mory OApeAHra KOopAHHaTe nenrpa

6a3e KOHyca, kojh jiokh y npoflywerKy Ci_iC< Be3e

xc=Xi+HjL (xt—xt-i)

yc=yi+HIL (ji—yt-i)

Zc=Zi+HjL (zt—zt-i)

Cjieflehn KopaK y nocrynKy je nceyAOCJiyMajroi H36op Tawe Ha KpyjKHHHH,

ihto je Moryhe yMHHHra Ha h«3 Ha^HHa. OBae ce npefljia>Ke poTaunja 6a3Hca

h d-iCc ,ny>KH oko jioKajiHe .z-oce (Tano aa 2-KoopAHHaTe cbhx Taqana ocrajy

KOHcraHTHe) h npojeKTOBaH>e Ci-\CC h AnjaiweTpa Kpyra y nyHoj ay>KHHH y j>(_i =

=const paBHH. PoTannjoM ce 3H3tho nojeAHOcraBJbyje pemaBaite npofijiciwa y

npocropy, Kojn ce cboah Ha jiHHeapHe ajireGapcKe jeAHaMHHe.

Ca cji. 3 je omhtjicaho p,a KoopAHHaTe poTHpaHor nempa (Cf)o n3noce:

Oc)o=Xf_i4-[(x(_i—xc)2+(yt-]—ycy-]v"1=Xi-\+d, (je)o~yi~i h (zc)o=ze.

IlceyaoaryMajHOCT H36opa TaMKe Ha porapaHoj Kpy>KHHqH o6e36et)yje ce

reHepHcaH>eM ciiefleher cjiyqajHor 6poja h H>eroBOM eKcreH3HjoM Ha nyn Kpyr

(0-2-): ~:=Ry 2tz.

1

t 9
X

  

Onnca 3 Figure

PoTaujija oko jioKajme z-occ

Rotation about the z axis

CniiKa 4 Figure

O/tperjiiBaibc KoopflmtaTe cjmiajne Tawe na ponipanoj

KPJWHHIIH

Determination of the random point on the rotation

circle

JtaKJie, dpopMHpaiteM yma 7 y paBHH Kpyra upiun ce ii36op ra<«<e (C;Hi)o

y poriipaHOM nojiowajy.

H3 TpoyrjiOBa ABC n ABD (npBH y paBHH 6a3Hca, a Apyrn y yi 1 --const

paBHH), npHKa3aHHX Ha en. 4, OAper)yje ce x-i<oopAHHaTa poTHpaHor aToivia.
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IIoMohy npBor Tpoyrjia AOJia3H ce ao noAaTKa o ajokhhh o6ejie>KeHoj ca a

(Ha AHjaiwerpy Kpyra), a noi«ohy apyror h ao npnpauiTaja Ax no x-och. Oahocho,

a=R cosy, flOK H3 Tpoyrjia y yj_i=const paBHH npoH3mia3H: Ax=a cos S'. Ko-

CHHyc yrjia 8, oahocho H>eiwy KOMnJieiweHTHor yraa 8,' Mo>Ke ce H3pa3HTH noMohy

TaHreHca ncror yrjia Tj. Hani6a npojeKirnje AHjaMerpa. KaKO je ohb, HopMajiHa

Ha Cc-i(Cc)o npaBaq ca Harn&OM (en. 4.):

»»i = [(sc)o -zt-i] I [(xc)o-*<-i]

to H3 yciiOBa HopMajiHocra npOH3HJia3H cjie^ehH KoecpHAHjeirr npaBua AHjaAieTpa

npojeKTOBaHor Ha .y<_i=const paBaH :

m2 = — 1/«H=— [(xc)o —Xt-l] I [(Zc)o—Z{-\].

H3Mer)y KOCHHyca yrua 8' h H>eroBor TaHreHca Ba>KH pejianHja: cos 8' = 1 /(l -f-

+m22)1'2.

3aMeH0M nocjieflHser H3pa3a y jeAHayHHy 3a npnpaiuTaj no x-och AOOHhe ce :

Ax=,R cos S'(l+m22)1'2.

Koh8mho HOBa x-KOopAHHaTa npeAcraBJba ?6hp :

(*i+i)o=(*c)o+Ax. (1)

KoopAHHaTa Here Taqne Ha^-ocH Ao6nja ce Ha ocHOBy jeAHOcraBHe pejiainije:

(yt+i)o=(yc)o+R sin v. (2)

KoopAHHaTa no z-och npon3HJia3ii H3 jeAnamiHe npaBua (AnjaivieTpa) Kpo3

TaMKy (Cc)o h no3HaTe BpeAHOcni (x(+i)0:

(zi+i)o=(zc)o—m(xc)o+m2(xc+i)0. (3)

JJaiuie, npHMeHOM jeAHamraa (1), (2) h (3) OAper)yjy ce KoopAHHaTe nceyAO-

cnyuajHO OAaSpaHe Ta*n<e Ha porapaHoj Kpy>KHnnH.

KoHaMHO, noTpeSHO je yqHHHTH noc;ieAH»H KopaK y npasuy Bpahaita Kpy>K-

mme (h TaMKe Ha aoj) y npBoGnTaH iiojiohoj, t. j. y npaBny oApetjHBaita crBapintx

KoopAHHaTa Ci+i TaMKe (aTojwa).

y ininby npaheita poTaunje nocMaTpajivio nocrynaK y 2=0 paBHH (en. 5).

YoiHivio ca oiHKe yrao e, KojH 3anpaB0 npeAcraBJba yrao poTauHje, nao h yrao yj

H3i«el)y x-oce h Ci_i(C<+i)0 irpaBna. OmrjieAHO je:

-y

y

 

CjiHKa 5 Figure

PoTitpaibe Kpyxuuaie y iipboShthh nojiomaj

Rotation into the original position
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COS £=(*c—ATi-l) / [(xe)o—Xi-l] (4)

OOTOCHO,

sin r^Kyt+i^-yi-i] \ D. (5)

i\ae D npeflcraBJba pacrojaite H3Mer)y C/^i Ta*u<e y o6opeHOM h peajiHOM nojio>Kajy,

Tj. pannjyc poTannje:

KoHaiHO, npHAieHOM pejiauHja (4), (5) h (6), Kao h jeffHamiHe 3a KOjvuiJie-

MeHTapHe TpHroHOMerpujcKe (JjyHKnjije (sin e, oahocho cos tj) aofoija ce:

KaKO ce 2-KOopflHHaTa npn OBoj poTanHjn He MeH>a, OHa ocrraje: «<+i=(«<+i)o-

Time je 3aBpiueH H36op m aeTepMHHHcaifce nojion<aja d+i aTOMa y npocropy.

OimcaHH nocrynaK noHaBJtahe ce MHoro nyra, 3a cBaKH aTOM noHaocoo", ajm y

CKJiany ca nperxo/iHO (popMyjiHcaHHM orpaHHMeibHMa.

IlpeaJiOH<eHa nponejrypa Moirre Kapjio fleMOHCTpnpaHa je HyMeprouoi npe-

BacxoflHO Ha npHMepy nanHMerarieHCKor HH3a, Mafla cy h nocrynaK h nporpaai

onuiTer KapaKTepa h Moryhe roc je, y3 He3HaTHe AonyHe y CMHCjry HfleHTH(})HKauHje

aTOMa h KopHiuhefta o;n"OBapajyhHX noaaTaKa 3a ay>KHHe Be3a h yrjiOBe Mer)y

Bbou, Kao h o6e3(5er)eH>e cbhx noTpeSmcc noA&raKa Be3aHHX 3a yHyTpauiH»y po-

Tainijy oko C—C Be3e, npHMeHHTH h Ha Apyre nojiHMepHe MaTepHjajie (yrjiaBHOM

ca CHMeTpHMHHM HH30BHMa) yKJby*ryjyhH h xeTepoyrjBeHrome JiaHne.

nocrynaK HyMepH*mor oapel)HBaH>a KOHcpopMannje npmcasaH je Ha yonurre-

hom ajiropHTMy Ha cji. 6.

3ajeflHH*n<e nejniHe 3a CBe npeanoKeHe ajiTepHaTHBe cy : 1) CMenrraifee npBor

aTOMa y KOopRHHaTHH noyeraK, 2) onpe^RBaoe nojionoja apyror aTOMa, 3) oflpe-

l)HBaH>e nojiowaja Tpeher h ocnunuc aTOMa h 4) sspaqyaaBaae pacrojaH>a H3Me$y

cjio6oahhx KpajeBa HH3a.

Ako ce nocrynaK oaper)HBaH>a KOHcJwpMauHje boah npeMa pa3BHjeH0M mo-

flejry, y3 ycBajaae cpHKCHe fly>KHHe C—C Be3a h yrjiOBa Merjy luma, Kao jenHBHX

orpaHH^aBajyhroc <J)aKTOpa, Hacraje ajiropirraM yTBpr)HBaH>a crepHor pacnope^a

r\naBHor HH3a npeMa npBoj, HajHepeajrHHjoj airrepHaTHBH.

IIo apyroj BapHjaHTH npocrop KojH je Beh 3anoceflHyT HHje Moryhe 3ay3eTH

hobhm aTOMOM, Te je noTpeoHO yTBpAHTH pacrojaH.e H3Md)y yrrpaBO ae(J)HHHcaHor

h ocTajmx, npeTxo/nio pa3MeuiTeHHX, aTOMa (innoryc 20), uito noapa3yMeBa „naM-

heae" KOH^opMaunje nojiHMepa y nejiHHH. Ykojimko je oho Behe or pynamc C—C

He3e ycraHOBJBeim nojiontaj je Moryh, y npomBHOM, npeflJiOHceHO peineae ce

0fl6anyje h nocrynaK noHaBJta. OSjaiuibeiie noTpeoe 3a yB0r)eH>eM HaBeaeHor

ycjiOBa je jeAHOcraBHO. Kano je paflHjyc CBai<or C-aTOMa oko 0,077, a,ny>KHHa

C—C Be3e 0,154 nm8, cneflH jja ce napoBH aTOMa y rjiaBHOM HH3y Mer)yco6HO

AOflHpyjy. MoiKe ce, aaiuie, 3ami>yiiHTH na. cBaKO npH6jiroKaBaH>e C-axoMa Ha

£>2=f(^+i)o-x1_i]2+[(3;i+i)o-^i-i]2. (6)

xm =X(_i+D(cos e cos tj— sin e sin tj),

Tj. y(+i=yt-i +D (sin e cos tj + cos e sin r,).

HyMEPHMKO PEIUABAIfeE nPOBJIEMA
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pacTojaite Kpahe on /ry>KHHe Be3e noflpa3yj«eBa 3aAHpaH,e y Beh 3anoceAHyT

npocrop.

Tpeha ajrrepHaraBa y nocryiiKy Oflpel)HBaH>a KompopMairHje npouinpena je

inocJiycoM 10, ynyrap Kora ce yTBpr)yje no.iowaj C(+3 Ha ocHOBy npeTxo^HO oa-

pel)eHHx nojiOH<aja Ci, Ci+i h Ct+2 aTOMa, a Ha Tai<aB Ha«iHH Aa yHyTpaiuK.a po-

TauHja oko C—C Be3e 6yAe a^eKBaTHo o6yxBaheHa. Obo he y aajbeM TeKcry 6htii

aeTajbHHje oSjamibeHo.

c

R IS
*2.y2t*2

-<TS j»i,m

1. Izma^u C. iCj.o

xi+i .yi+i
Dj-opt 111 Di-nax

IE da

Dal IsmdjuCi, 1 Cj

(da

CnHKa 6 Figure

Omura ajiropmaM HyiwepimKor 0Aper)HBaH>a KOHcbop-

MauHje

The general computational algorithm

BejiHKa BehHHa nojimviepHHx mreoBa ce y cBaKOM TpeHyTKy Hajia3H y koh-

(pHrypainijaMa y HHTepBany ±20° y 6jih3hhh jeflHor oa MHHHMyivia noTeHHHjajiHe

eHeprnje (KapaKTepncTHMHe 3a ymoBe vHyTpamiie poTaimje oko CBane C—C

Be3e) . Mowce ce, Aamie, npeTnocraBHTH Aa ce cBaKH nonHMepHH iwojieKyji Hajia3H

y HeKOM oa AHCKpeTHHX craH.a, Koja ce noKJianajy ca noTeHirHjajiHHM MHHHMy-

MHAia8.9.
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TaKO ce 3a nojiHMerajieHCKe HH30Be Bpjio jacHo pa3JiHKyjy TpH ancKperaa

craH>a: TpaHC, roiu+ h rom^. OHa cy rpacjjHiKH rrpHi<a3aHa Ha cji. 7, npn neMy

cy naBeaeHa h KapaKTepHCTHtma pacrojaifca (orrraMajiHe ay>KHHe). Ca cji. 7 je

omirjieAHO aa je onTHMajniHM Ha3BaHO pacTojaite H3Mer)y Ct h Ct+z aTOiwa, KOjH

mtajy TanaB Mer)yco6HH nojioaoj aa yHyTpaiufte-poTaiuiOHH ymoBH nocjieaiter

oaroBapajy MHHHMy/WHMa noTeHUHjajmo eHeprnje (pi=0°, p2>3 = ±120°).

 

CnHKa 7 Figure

OnTHiwajiHe jiywime 3a nojiHiweraneHCKH hh3

Optimal lengths of the polymethylene chain

CTaTHCTHHKa Te>KHHa ycnocraBJbaH>a TpaHC nojiowaja jeaHana je jeamtHUH,

iiito npoH3nna3H HSHspasa1-8: <r=exp( — EjRT) (3a E=0, cr = l) h KOHBemjHje aa

ce noTeHimjajiHa eHeprnja KapaKTepHCTHHHa 3a TpaHC o6jihk ciwaTpa HyjioM (peche-

peHraa BpeflHocr). H3 Here pejiainije cneaH aa he craTHCTH*n<a Te>KHHa THnH*ma

3a roui+ h rom~ craibe h3hochth a =0,54 (y ycnoBHiwa 0 TeMnepaType, Tj. 413 K).

FIoTpeSHO je noiweHyra aa ce rouu+ u roui- o6jihhh He pa3MaTpajy iwerjy-

co6ho He3aBHCHO, jep ce yTBp^HBa&e Moryher nojio>Kaja C—C Be3e nocrawe

reHepHcaaeM nceyaocjryqajHor dpoja (yrjia y HHTepBajry oa 0— 2tc), Te je jeaHaKO

BepoBarao aa ce y tom H36opy nojaBH yrao +120° Kao h — 120°.

Ako ce, caaa, crepHO pa3jweuiTaH.e C-aTOMa rjiaBHor JiaHua Boan TaKO aa

ce pacrojaite Cid+3 oa 0,384 nm y oaHOcy Ha apyro Moryhe oa 0,290 nm oaa6npa

y cpa3Mepn : 48% : 52% [uito cneaH H3 oaHOca craTHcnraKHX Te>KHHa : 1 /(2 x 0,54) ] ,

nocnoKe ce KOHthopMaanja Sjihoo peajiHOM MojieKyjiy.

y HyMepHWoj npoiieaypH npoojieiw ce peuiaBa Ha Taj Ha*mH uito ce (yHyTap

iDiKJiyca 10) reHepnuie M (nceyaocnyiajuHx) yrjioBa y y HHTepBajry oa 0—2n

(y poTHpaHOM nojiowajy Kpy>KHHae, Ha cji. 4). IloMohy obhx yrjioBa oapet)yjy

ce KOopaHHaTe oaroBapajyhHX TaqaKa Ha Kpy>KHHHH (rap. Taqana C Ha cji. 4),

y porapaHOM h peajiHOM nojiowajy, h KOHa^mo cbhx M pacrojaHia H3iwer)y Q

0=1 > M) h Q_3 arawa.

Oa ao6HjeHHx Cj Ta^ana (nao nojionoja cjieaeher C-aTOMa y rjiaBHOM HH3y)

ycBaja ce OHa Koja o6e36er)yje pacrojaibe Ci— C4 HajnpnSjHOKHHje onTHMajmoM,

Koje CBaKH apyni nyr h3hoch 0,384, oanocHO 0,290 nm (Syayhn aa je BepoBaT-

noha npH6jiH>KHO 50%: 50%).

Ha OBaj HaTOH nocrHH<e ce ecbenaT anmaH aHCKpeTH3auHjH noMohy cneuH-

(pHHHpaHHX yrjioBa poTaiutje (pj), npeaJioweHoj join oa crpaHe BojiKeHuiTeHHa11,

a 3aTHM oaper)HBaH»y craTHcnuiKHX Te>i<HHa Moryhnx nojiowaja h y cKJiaay c

ttHMa H36opy HajBepoBaTHHje KOHcJjopMairnje.
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Mc^yTHM, ca acnacra aHajiHTHMKe reoMerpHje, oflpel)HBaHie no.io>Kaja Ha

6a3ii onTHMajme Aymiine MHoro je jeaHocraBHHje oa peuiaBaiba npecena Kpy>KHHne

(6a3e Konyca npoH3BOJbHO opHjeHTHcaHor y npocropy) h paBHH Kon/ianapiie ca

H>eroBOM bhchhom, a noa yrjioM p y oaHocy Ha pec|)epeHTHH nojio>Kaj (p=0 3a

TpaHC-o6jIKK).

KoHaMHO, nociieAH>a uapiijaura oMoryhaBaJ(y u.HKJiycy'10) H36op HH3a ajiTep—

HaTHBHHX BancHUH (H3BoaHHua kojivcu) h onpeaejtHBaifce 3a ony Koja noapa3y—

MeBa Hajeehe pacrojaH>e H3Mel)y «-Tor h i+3-her C-aTOMa. OBa miTcpHCHmija

o6e36et)yje TpaHC-oSjiHK qeTBopo<uiaHHM (pparivteHTHMa HH3a h bo;;h Ka „Hcre-

3aiby" iwojienyjia.

OApeI)nuaii.e OBe eKcrpeMHe KOHcJmrypaiuije HMa 3a ujub, npe CBera, Bepn-

4)HKaunjy HcnpaBHOCTH iwoaena h npoueaype, na 6a3H nopetjeita OBaxo aoSHjeHiix

pc3yjrraTa ca jeaHocraBHO H3pa<iyHaTHM 3a KonjiaHapaH MOJieKyji. ripeaJio>KeHa

ajiTepHSTHBa Mo>i<e 6hth oa .-wa'iaja 3a yrBpl)HBaH>e Kon(])opMannje BeoMa ype-

l)eHHx KpHCTaiHHX nojiHMepa, noceCHo Ha hhckhm TeiwnepaTypaMa.

flHCKyCHJA PE3YJITATA

Pe3y.iTaTH cy 6hjih inpawemi y BHay noopaHHaTa Taiana (C-aTOMa) y Tpoan-

moohohom npocropy, a KpajibH invb je oape!)iiBaH>e pacrojaH>a H3.\ieby chodoahhx

Kpajeaa HH3a.

Ilope^eH>e pe3yjrraTa, ao6njemix peuiaBaH>eM ajrrepHaTHBHHX Moaerca, Ha

npHjwepy nojiHAtenuieHa, npnKa3aHO je Ha en. 8, rae cy npHKa3ane cftyHKUHOHane

Beae

= 1,283
ni/2 io-!o [m] H3 MoHTe Kapjio Merofle (7)

Da = 1,770
Mi/iiO-iofm] H3 Monre Kapjio Mereae (8)

Da =2,180
„i/ziO-io[m] H3 Taylor-oBor H3pa3a (9)

Da =3,800
„i/aiO-io[m] H3 Mome Kapjio Meroae (10)

Da =3,520
„i/210-io[m] H3 MoHTe Kapjio Meroae (11)

Da =24,5 ni«10-io[m] H3 MoHTe Kapjio Meroae (12)

Da =32,2
ni/210-io[m] aHajiHTmKH oapel)eHo (13)

Tpe6a HanoMeHyra aa cy KOHcraHTe y obhm KopenaimjaMa oapeljeHe Meroaoiw

HajiwaibHx KBa^paTa oflCTynaaa penpe3eHTaTHBHHx Taiana oa KopejianHOHe KpHBe

m m

i-i i=i

flOK je Taylor-OBa penaiuija:

<p— COS<p 1 — T)

TpaHc4>opMHcaHa 3a cnyvaj HeorpanH^eHe yHyTpauiH.e poTaunje (t)=0), h npH-

Mea>eHa Ha ajiH$aTH<Qie HH30Be, ao6HJia oSjihk:
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D,1 = [wL2(l+cos<p) /(l-cosq>)] W2= k /» =2, 18 *. (14)

KoHaMHO flo pejiaqHje (12) aoihjio ce aHajiHTHWKH Ha ocHOBy no^aTaKa o

^yxoiHaMa Be3a h ynnoBHMa H3Mel}y h>hx, Kao H miibeHHue aa cy cbh aTOMH ko-

iLiaHapHM. JXaKJie, pejiaiuije (12) h (14) noaiy>KHJie cy 3a noper}eH>e pe3>'JiTaTa

Ao6HjeHHX na ocHOBy npou,e;rype MonTe Kapno (pejiaunje 7, 8, 10 h 11).

 

otomj

Cjihio 8 Figure

Iloper)eibe pe3yjiTaTa floSHjemrx peiuaBa-

H>eM ajiTepHaTHBHHX MOflejia

Comparison of results of different models

1 - jeflH. (eq.) 7; 2 - jeflH. (eq.) 8;

3 - jeflH. (eq.) 9; 4 - jeflH. (eq.) 10;

4 - jeflH. (eq.) 12; 4 - jeflH. (eq.) 13.

H3 aHajiH3e nojio>Kaja h Mer)yco6HHX OflHOca kphbhx Ha cji. 8 iworyhe je

H3ByhH cnenehe saicibyiKe. Ykojimko ce flonycm TaKBO crepHO pa3MeuiTaH>e p,a

He nocroje HHKaKBe npenpene y norjieay 3anoceaaH»a Beh 3ay3eTor npocropa,

ca>KHMaH,e MOjieKyjia je Bpjio H3pa3HTo (npHBa 1).

HeuiTO 6ojbe BpeflHocrH flo6njajy ce io^a ce 3anoceflHyra npocrop „3aui-

thth", ara ce OHe Kpehy y rpaHHijaMa pe3yjiTaTa Koje aajy ocrajie craTHcnmKe

MOTOfle (npHBa 2).

06e KpHBe TpeSa ynopeflHTH ca rpehoM, i<oja npcucraBJba rpacl»ra<y HHTep-

npeTairHjy CTaracrHMKH H3BeaeHor Taylor-OBor H3pa3a. nocrHrHyro ciiaraibe je

3aAOB0JbaBajyhe .

HeTBpra KpHBa OflroBapa BpeflHOCTHMa H3pa»ryHaTHM Mohtc Kapjio nocryn-

kom 3a nojiHittemneHCKH hh3 (pejiaunja 10) h na cjiH^aH HawHH /jo6HjeHHM 3a

no.THH3o6yTHJreHCKH hh3 (pejiauHja 11), y3 yitibyimBaifce ecpeicra yHyTpamibe po-

TaiiHje y a^ropHTaM peuiaBaiba npofjjieiwa, Ha nperxoflHO onHcaH Ha^HH.
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Tpe6a HarjiacHTH ija ce OBano AooHjeim pe3yjiTaTH oeoMa cjia>Ky ca eKcnepH-

MeHTanHHM (oape^eHHM Ha 6a3H Mepeita BHCK03HTeTa y 0 ycjiOBHiwa). OaroBa-

pajyhe pejiaiinje eKcnepHMeHTajiHO yTBpr)eHe HMajy o6jihk:

D„i=3,99 «1'*10_1o[m] 3a nojiHMerajieH

£)*i =3,93 n1l2l0~1o[m] 3a nojiHH3o6yTHjieH

KpHBa 5 Ha cji. 8 TpeSa aa /jeMOHcrpHpa MoryhHOcr Meroaa. J\a je 6poj

noHOBJbeHor oflaSnpaiba nojio>Kaja C-aTOMa Ha npHHinmy onpeaejBHBaH>a 3a Haj-

Behe pacrojaH>e C<C«+3 6ho Behn nocTHniyT limes nomionHO 6h ce ca kphbom 6

(3a KonjiaHapaH MoneKyji).

Ha OBaj HaMHH npHMeiteHa npoueaypa MoHTe Kapjio o6e36er)yje o,npeI)HBaH>e

HajBepoBaraHje KOH^opMauHje, o6jmKa Kojn noceayje HajBehn 6poj MOJieKyjia y

aHcaiwGjry hctobpchhx h y aaTOin BpeMeHCKOM TpeHyTKy, 6e3 noTpeGe 3a ycpe/j-

H>aBaH.eiw, i<ao uito je to 3a CTaTHCTimKe MeroAe yoSHMajeHO.

3AKJBYHAK

y OKBHpy OBor pafla pa3BHjeH je ajiropHTaiw o;iper)HBaH>a npocropHor pacno-

peaa aTosia nojiHiwepmix HH30Ba, on, cacBHM CKJiynnaHHx /jo Beojvta onpyweHHx,

npHMeHOM MeTOfle MoHTe Kapjio nceyaocjiyHajHor 0fla6HpaH>a no.ioHoja aTOMa

rjiaBHor jiaHua, y cKJiaay ca cjieaehHM orpanHHeibuwa : (pHKCHpaHHiw yrjioM H3-

Mefjy C—C Be3e aecpHHHcaHe py-ximie, HeMoryhHOiuhy BHUieKpaiHor 3anoceflaH>a

npocTopa h jiHMHTHpaiteM yHyTpamme pc-Taunje y MaH>oj hjih Behoj MepH.

KoH3HoreHTHO ca yBefleHHM orpaHH'reifcHMa, 4>opMHpaHa cy nenipH ajrrepHa-

raBHa MOflejia. Pe3yjrraTH flodnjenH tcxhhkom Mohtc Kapjio ynoper)eHH cy ca

pe3yjiTaTHMa oaper)eHHM ocTajuiM CTaTHcraMKHM MeTOAaMa hjih eKcnepHMeHTajiHO,

a H3pa>KHH cy nao pacrojaifea H3Mer)y cjio6oahhx KpajeBa HH3a.

HajBeha BpeflHocr npe/xrcoweHe npoue/rype je jeflHOcraBHocr o,aper)HBaH>a

KoopflHHaTa Ta^iaKa y npocropy, noje ce cboah Ha pemaBaibe eKcnjiHHHTHHX JtHHe-

apHHx, anreSapcKHx jeflHaiHHa. HoBHHa je BOr)eH,e nocrynKa npeno onraMajiHe

AywHHe, a 3a noTm/Hy BepncpHKaimjy MaTeiwanmKor Moaejia h anropHTina 6hjto

6h noTpe6HO h3bpuihth npoBepy Ha BeheM 6pojy nojiKMepmix MarepHjana.

KOPHUITiEHE 03HAKE

a — ay>KHHa (m)

A — Tawa y paBHii

B — paBaH, TaiKa y paBHii

C — Tawa y npocropy

d — pacTojaH>e H3iwer)y jjBe Tawe y paBHii (m)

D — pacTojaH>e H3iwer)y ABe Tawe y npocropy (m)

E — noTCHmijajina eHcpmja (T/kmol)

H — BHCHHa (m)

L — /rywHHa Beae (m)

m — Harn6 npaBe

n — 6poj Be3a

N — 6poj aTOMa

R - paaiijyc (m)
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T — TeiwnepaTypa (K)

x,y, z — KoopAKHaTe Tawe (m)

a — yrao y *— 0 paBHii (rad)

fi — yrao y y=x tg paBBH (rad)

Y — yrao y paBKH Kpyra (rad)

k — yrao npojeKHiije AHjaJwerpa Kpyra y y = const paBHH (rad)

e — yrao poTaimje y z=0 paBHH (rad)

iq — yrao Haneljy x-oce h npasua AoSiijeHor cnajaH>eM Tam<e poTamije ca TannoM y parapaHOM

noJKUKajy, cpeflitH cos poTaunje (rad)

p — yHyTpaiinte-poTaunoHH yrao (rad)

4> — yrao H3Met)y Be3a (rad)

9 — KOMnJieiweHT yrjia $ (rad)

w — npocropHH yrao (rad)

a — CTaTHcrmiKa TOKima

HHfleKCH

I, 2, ... i ... n — 6poj aToMa y Hiray

c — oahoch ce Ha ueHTap Kpyra

o — oflHOCH ce Ha poinpaHH nojiowaj

si — cnoSormn KpajeBH

uk — yKynaH 6poj

un — yHyTpauiH>e poTauiioHH noTenuHjaji

SUMMARY

DETERMINATION OF THE CONFORMATIONS OF POLYMERIC CHAINS BY USE

OF THE MONTE CARLO METHOD

MIRJANA DURIC, MIODRAG NOVAKOVIC, BORISLAV MARKOVIC and ZORAN PETROVlC

Faculty of Technology, Novi Sad University, YU-21000 Novi Sad

Several alternative models of polymer chains (primarily of the polymethylene type) are

proposed. According to these models, extreme chain configurations are calculated (very coiled

or stretched molecules) as well as the many possible rotational isomeric states between the extremes.

The basic principle is the space arrangement of the constitutional chain atoms. The new bond

is colinear with a generatrix of the cone formed around the preceding bond, taking into account

the adopted limitations. The program was tested for some hydrocarbon chains with satisfactory

results.

(Received 10 June 1981; revised 20 November 1981)
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A mass spectrometric analysis of the products formed in arc and r. f. discharges

burning in ethanol vapours was performed. Two types of low current arcs (vertical and

horizontal) at a pressure ofone atmosphere were used. The plasma composition in dif

ferent arc zones was investigated. The influence of flow rate and pressure in the

reactor tube on the nature and yield of different components formed in r. f. plasma,

produced by a 27.12 MHz generator, was studied too. On the basis of the experimen

tal data an approach to chemical reactions, occurring in these kinds of discharge, was

given.

Some characteristics important for the consideration of plasma chemical

reactions are the density and temperature of the particles. The plasma of a low

current d. c. arc burning at atmospheric pressure is characterized by high den

sity and high temperature of the particles (electron and gas temperatures are nearly

identical). These properties allow a comparison of the experimental results of

the plasma composition to the theoretically calculated values, obtained applying

thermodynamic laws1.

The characteristics of the low pressure r. f. plasma are completely different2.3.

Here the electron temperatures are greater than the gas kinetic temperature. The

mechanisms of the chemical reactions in these two plasmas are diverse, so that differ

ent plasma compositions can be expected.

In this work ethanol was chosen as a representative three component C-H-O

system and its behaviour in the arc and r. f. discharges was investigated.

EXPERIMENTAL

Two types of arc sources were used : vertical arc (Fig. 1) and horizontal arc burning in

a graphite tube in the presence of an inhomogenous magnetic field (Fig. 2)4. In the horizontal

arc the discharge took place between a graphite electrode (GE) and graphite tube (GT). Under

the action of an inhomogeneous magnetic field the plasma rotates in one part of the graphite

tube. The arc current was 10 A. The time of arc burning was 30 s. A mixture of argon and ethanol

vapour (10:1) was introduced into the arc plasma through a graphite electrode. The flow rate

of argon was 150 1/h. Gas samples were extracted through a hollow upper graphite electrode

(vertical arc) and through a stainless steel tube placed in different positions : A, B and C (.hori

zontal arc). In position A the temperature was evaluated on the basis of the measured partial

pressures of CO/CO2 when the arc was burning in air5. The temperature in position A was esti

mated to be about 2800 K. Temperatures in positions B and C were measured with a thermo

37
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couple (Pt-10% Rhj and in B it amounted to 1000 K and 300 K in the C position. The capillary

tube (A) insured the reduction of the gas pressure from 1 bar to some mbar. Analysis of the prod-

 

Fig. 1. Scheme of the ver- Fig. 2. Scheme of the horizontal arc: A — capillary tube,

tical arc: GE — graphite EM — electromagnet, S — stainless steel tube, GT — graphite

electrode tube, GE — graphite electrode

ucts formed during the discharge was performed with a quadrupole mass spectrometer (Fig. 3).

Condensable products were previously collected in the trap (T) cooled with liquid nitrogen.

In the case of r. f. discharge, the power from a 27. 1 2 MHz r. f. generator was coupled

inductively on the discharge tube (D) (Fig. 4). The anode current (/„) of the generator was

} TO COLD TRAP
 

Fig. 3. System for introduction of gas

samples into mass spectrometer: T — cold

trap, P — pumps, M — manometers, GL

— golden leak, Ms — quadrupole mass

spectrometer

Fig. 4. Scheme of the r. f. discharge

system: RF — radiofrequency generator

27.12 MHz, outlet power of 300 W, D

— discharge tube, S — bulb with ethanol,

Th — thermostat, M - manometer

95 mA. The ethanol vapour pressure in the discharge tube was maintained constant; in the experi

ment with lower flow rate it was 2.7 mbar, in that with higher flow rate, 5.3 mbar. The discharge

time was 3 min.
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RESULTS AND DISCUSSION

Analysis of the plasma composition of the vertical arc has shown the presence

of H2, CO, C and traces of C2H2. Our previous investigations6 of the plasma

composition of d. c. arc burning in air, performed under the same experi

mental conditions, have indicated that the average temperature of the ana

lysed plasma was about 4000 K. It can be pointed out that at this temperature

the detected hydrogen is present in plasma in the atomic state. Thus, the obtained

data are a result of chemical reactions occurring in very hot arc axis zones, where

the ethanol molecules are totally decomposed.

The investigation of the temperature dependence of the arc plasma composi

tion was possible in a horizontal arc. Here the presence of the graphite tube and

the magnetic field produce a temperature gradient which is lower than in the

vertical arc. In our experimental arrangement the ethanol molecules were intro

duced through the plasma where, according to our previous results with the ver

tical arc, their decomposition to H, CO and C could be expected. Recombination

of these components, occurring in colder zones in the graphite tube, leads to the

formation of a new molecular species, presented in Table I. At a temperature

TABLE I. Partial pressures of C2//2 and C2H4 in different

horizontal arc zones

Arc

zone

Partial pressure (mbar)

C1H4

r(K)

CssH,

A 98.0  
2800

B 31.6 3.6 -1000

C 0.7 39.0 ~ 300

of 2800 K acetylene was found only. Below this temperature ethylene was noticed

too. In the considered temperature range the lowering of temperature is followed

by a decrease of the partial pressure of C2H2 and an increase of the partial pressure

of C2H.1. The dependence of the arc plasma composition on the temperature

gradient is obvious.

Experimental data obtained for the inductively coupled plasma, presented

in Tables II and III, indicate the presence of a greater number of components

than in the case of both analysed arc plasmas. This can be brought in connection

with more appropriate energetic conditions for the occurrence of various chemical

reactions. Reactions of dehydrogenation and decarboxylation as well as recombina

tion of the radicals formed in the r. f. plasma, take place. The presence of CH4,

HCHO and CO indicates that the rupture of the C—C bond took place. The

partial pressures of the components and their quantitative ratios are determined

by the flow rate of ethanol vapour and the partial pressures in the reactor tube

(Table II). The decomposition reactions are slightly expressed at higher flow rate

and higher partial pressure in the reactor. The experimental results (Table III)

obtained at constant pressure and flow rates of 4 and 17 mg/min indicate the in
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TABLE II. Partial pressures of components formed in the inductively coupled plasma

Flow Pres-

rate sure

(mg/min) (mbar)

/.
Partial pressure (mbar)

(mA)
CH« CjH« CtHt Hs CO HCHO

1.8 2.7

4.0 5.3

95

95

0.9 2.6 0.2 3.6 4.0

3.3 6.9 2.2 3.7 1.9

1.1

4.7

TABLE III. Molecular ratios of condensable products to ethanol (%) for the

coupled plasma

inductively

Flow

rate

Pressure

(mbar)

Ia Mole ratio to EtOH (%)

(mA;

(mg/min) C1H4 QH2 HCHO CHsCHO

4.0

17.0

5.3

5.3

95 55 18 37

95 31 14 5 8

fluence of the residence time of ethanol molecules in the discharge zone, on the

formed products. At a higher flow rate, when the residence time of ethanol mole

cules is shorter, the extent of decomposition reactions is lowered. This is confirmed

by the presence of CH3CHO and nondecomposed ethanol molecules among the

condensable products. At these conditions the yields of C2H4 and C2H2 are decreased,

especially of ethylene molecules (Table III). The choice of experimental conditions

(flow rate and pressure) is determined by the nature of the products of practical

interest.

CONCLUSION

On the basis of the presented data it can be concluded that the analysed

products are a result of chemical reactions which are different for arc and r. f.

discharges. In the central, hot zones of arcs burning in ethanol vapours, H, CO and

C are detected; their recombination in the colder, peripheral arc zones lead to

formation of C2H2 and C2H4. The following molecular species detected from

the r. f. discharge plasma: CH4, C2H4, C2H2, HCHO, CHsCHO, CO and H2

indicate that here the energetic conditions and the low pressure give better possi

bilities for the occurrence of more complex reactions.

The authors acknowledge the financial support 01 the Scientific Fund ot S. R. Serbia

Belgrade.

H 3 B O a

HCTIHTHBAH>E PAHHOOPEKBEHTHOr H JIYMHHX riPAaCHbEIfeA Y

ETAHOJIHHM IIAPAMA

HATAJIHJA H. HKOHOMOB, MAPHJA P. TOflOPOBITE, HAflA Ti. KOBAMHTi

H HBAHKA a- XOJmJIAJTHBP-AHTyHOBHTi

Odcex 3a xejuujcKe u (pMuuxoxeMujcKe itayxe npupodHO-MauteMautwucoe (fianyAuieuia, Eeoepad

Hnciuuiuyui sa xeMiijy, iuexHOAoeujy u Meuuuiyptujy , Eeoipad u Hncuiuuiyui sa

(fni3uKy CPC, Eeotpad

H3BpmeHa je MaceHocneKTpoMeTpiijcKa aiuumM npo;ryKaTa cpopMHpaimx y jiynHOM h

paaHotbpeKBCHTHOM npa>KH>eH.y y eTaHOjnaiM napa.ua. KopmnheHa cy flBa nina HMCKocTpyj Hor

jiyxa Ha aTMoabepcKOM npinwcKy (BepTHKajmii n xopH30HTajnm). HcnHTiraaH je cacraB nna3MC

y paamraHTHM jiyMHHM 30Haiwa. TaKohe je HCUHmtum ynmaj npoTOKa 11 npuracKa y peaKiwonoj

UCBH Ha npapofly h npraoc paanmuTHX KOMnoHCHaTa Hacrajinx y paflHocbpeKBeHTHoj njiaasui

Koja je oonaapeHa KopHmhen>eM reHepaiopa (bpeKBeHinije 27, 12 MHz. Ha ocHOBy eucnepH-

MeHraOTHX no^aTaKa nar je H3BecraH npn.na3 xe.MHjcKHM peaKtoijaMa Kojece OAHrpaBajy y obhm

BpcTaiwa npa>KH>en>a.

(npiiMJbeHO 6. HOBCM6pa 1981),
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Various forms of the kinetic energy operator for large amplitude herding

vibrations were used in calculations of vibronic levels in the 2IIu state of BH2.

Potential surfaces calculated by the MRDCI method were employed.

The general form of the Hamiltonian describing the nuclear motions of

an N-atomic molecule was developed by Wilson1. Wilson's work has been extended

by Watson2. According to this method, the Hamiltonian is first written in terms

of 3N Cartesian coordinates and the Eckart conditions3 are used to remove the

translations and to separate as far as possible the vibrational and rotational motions

from one another. After that, the Cartesian coordinates of the nuclei in the moving

system bound to the molecule are changed to a set of 3N— 6 normal coordinates

and three Euler angles. As a result the Hamiltonian*

a, p r a

is obtained. The (i-matrix is the inverse matrix of a matrix which is

almost, but not quite equal to the instantaneous moment of inertia matrix. Jx

and J$ are the components of the rovibronic angular momentum operator along

the molecule fixed axes, px and/ip the components of the vibrational angular

momentum, La, Lp the components of the electronic angular momentum. V is

the potential for nuclear motions which can be obtained by solving the electronic

secular equation in the Born-Oppenheimer approximation. According to the method

of Wilson and Watson, one expands [xap and V about their values at equilibrium

as a Taylor series in normal coordinates. The zero order rotation-vibration Hamil

tonian is then obtained by neglecting pa, La. and all but the leading terms in the

expansions of [Xopand V— it is the sum of a three-dimensional rigid rotator Hamil

tonian and of 32V— 6 onedimensional harmonic oscillator Hamiltonians. This enab

les a separation of the nuclear Schrodinger equation into one equation describing

the rotations and 32V— 6 mutually independent harmonic oscillator equations whose

eigenvalues and eigenfunctions are well known.

* Throughout the present paper the atomic units e = \, ft = l) are used.
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However, if one takes into account the higher terms in H, the coupling of

the vibrational and rotational motions (Coriolis interaction) and also between

various vibrational modes* can not be removed and consequently it is not possible

to reduce the 3AT— 3 dimensional problem to onedimensional ones. This requires

first the knowledge of a manydimensional potential surface which means that the

electronic Schrodinger equation has to be solved for a great number of various

nuclear arrangements (if the ab initio method is applied). Having calculated the

potential surface, one needs to solve the nuclear Schrodinger equation including

IN— 3 variables — in the case when the variational method is used this means

that it is necessary to solve the secular equation of the dimension ~ where

m represents the number of basis functions for one degree of freedom. Besides,

the transformation of the potential, normally represented as a function of some

internal coordinates, into a polynomial series in normal coordinates is complicated

because of the fact that the transformation from internal into normal coordinates

is nonlinear4.

The general approach described above is especially unpractical in the case

when in a molecule for all but one mode the vibrations occur with small ampli

tudes, while in that special mode the nuclei can vibrate with large amplitudes.

In this case one can approximate both <xa.$ and V by their leading terms in the

Taylor series in 3N—7 normal coordinates, but not in the coordinate for which

large amplitude vibrations are possible. An approximate, but often quite satisfac

tory solution of this problem can be achieved by considering the dependence

of jiajJ and V on the large amplitude coordinate explicitly and neglecting, or treating

perturbationally the interaction between that and other degrees of freedom. In

this way it is necessary to solve an essentially onedimensional Schrodinger equation.

This approach is widely used in calculations of vibrational energies and wavefunc-

tions of triatomic molecules in which case the amplitude of the bending vibrations

can be large, while the stretching vibrations remain practically infinitesimal.

Method for treating large amplitude bending vibrations

Several forms of the Hamiltonian for large amplitude bending vibrations

have been proposed8-11. The differences between them are the consequence of

slightly different ways in which the moving coordinate system is bound to the

molecule. In the present paper attention is paid to the four mostly used Hamil-

tonians: H<°> and //<2> of Barrow, Dixon and Duxbury (BDD)10, Hb of Hougen,

Bunker and Johns (HBJ)6 and Bunker and Landsbcrg (BL)8.

HBJ and BL Hamiltonians

The essential point in the approach proposed in the papers6 8 is the change

of Cartesian coordinates in H not into three Euler angles and 3N—6 normal coor

dinates as in the classical Wilson method, but into three Euler angles, 3N—7

normal coordinates corresponding to the small amplitude vibrations and the coordi

nate p (for large amplitude vibrations) which is treated separately. [Aa0 and V

Because of the higher cross terms in the Taylor expansion of V in normal coordinates.
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are now expanded about their values when all 32V— 7 normal coordinates are zero

as a Taylor series in the 32V— 7 Qr, with p-dependent coefficients12:

ref ref v8 ref r\ i

(2)

V= K0(p) + *r Qr + — XrQ?+ — 4>„( Or Q. Q, + ■ . ■

2 6

where a, % y,8=x,y or z and r, s, t=l, 2, . . . , 32V—7. K0(p) is the potential

function for large amplitude vibrations. The zero order Hamiltonian is obtained

by neglecting all but the leading terms (^"p and

r°(p)+Tl>2r2)in(2):

2

a.fl

where Jp=—i d/dp and fipp is the inverse of the ..reduced mass" for large ampli

tude vibrations. It is important to note that the reference configuration, which is

obtained when all the small amplitude vibrational displacements are set to zero,

is a function of p. If, in the treatment of triatomic molecules, the bond lengths

of the reference configurations are kept fixed, one obtains the „rigid bender //"8

(HBJ). An improvement of the method is obtained by allowing the bond lengths

to change as the molecule bends8 (..semirigid bender H", BL).

BDD Hamiltonians

Another, slightly different form of the Hamiltonian for large amplitude

bending vibrations (and rotations about the molecular axis at linear geometry)

in triatomic AB2 molecules is proposed by Barrow, Dixon and Duxbury10. They

used the general expression for the Hamiltonian derived by Freed and Lombardi"

for the case when the molecule fixed axes are principal inertial axes. BDD gave

two forms of H: the first one, //<°>, is obtained by setting both the stretching coor

dinates to zero; in the second one, //<2', a part of the stretch-bend interaction is

taken into account by developing the corresponding part of H into a Taylor series

and including the first two terms into Hbtnd using the perturbation method. It

should be noted that //<2> by BDD differs only in some higher terms from Hb

by HBJ.

Change of the integration element

A triatomic molecule exhibiting large amplitude bending vibrations can not

be characterized as exclusively ..linear" or „bent" because its valence angle can

change from 180° to < 100° in the course of a vibrational period. During these

vibrations the gradual transformation of the two (degenerate) bending vibrational

modes of a linear molecule into one vibrational and one rotational degree of freedom

of a nonlinear molecule takes place. Thus, it is necressary to consider both de

grees of freedom together. In the present paper the polar coordinate system is

used with p denoting the bending coordinate ad <p for the phase angle of the
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molecular plane about the molecular axis corresponding to the smallest moment

of inertia. As a consequence of that the Hamiltonians given in 6, 8 and 10 have

to be transformed into

(4)

with S = p1'2 for HBJ and BL Hamiltonians and 5 = (p/sin p)1'2 — in this way

the volume element in the integration of the wavefunctions becomes pdp. One

obtains the expressions the general form of which are

H= ~ T [ T> to ^ + T* <P) T + Ta to + Ti tol + Fto (5)

2 I dp2 dp d<p2 J

where 7*i is:

2(Af+2w)

ror2[Af+m(l-cosp)]

2[Af+m(l+cosp)]

mAfr2

2(Af+2m)

mr2 [M+m (1 —cos p) ]

Tr.

2(Af+2w)

[Afr2Af+ro(l-cosp)] l p

2 [Af+m ( 1 + cos p — p sin p) ]

Mmr2 p

2(Af+2m)

mr2 [Af+wi (1 — cos

Af+2m

Mmr2 (1— cos p)

BL

BDD(o)

BDD<2>

(7

msinp

Af+m (1 —cos p)

2^dr

r dp

[1 m sin p

p Af+/w(l-cosp)

BL

BDD»I

BDD<2>

BL, BDD«»,BDD<2>

(6a)

(6b)

(6c)

M+lm

| Af4/ — cos2p-l \+

>p)]2l I 2 /mfi sin2 [Af+m ( 1 — cos p) ]3 [Af+m ( 1 + cos j

+AP m (cos3 p + 2 cos2 p - cos p - 4) + Af2 m\- 3 cos4 p + 3 cos3 p + 8 cos2 p —

— 3 cos p — 7)+Afm3 (— 2 cos5 p — 6 cos4 p + 6 cos3 p + 1 2 cos2 p — 4 cos p — 6) +

+711* (—2 cos6 p — 2 cos4 p + 4 cos3 p + 4 cos2 p — 2 cos p — 2) J —
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M+2m [ 1 _j_ • " 2m sin p

2mr2 [M+m (1 -cosp)] I p2 ' p [M+m (1 -cos p) ]

— 11 [M2 cos p +

mr3 sin p [M+m ( 1 — cos p) ]2 [M+m ( 1 + cos p) ] .

+ 2mM (cos2 p + cos p - 1 ) + 2m2 (cos2 p - 1) ] 2(M+2m>ydp

mr3 p [M+m (1 — cos p)]

_ 4(M+2m)(ar/dp)2 _ 4(M+2m)a2r/dp2 BL (6d)

mr4 [M+m(l —cosp)] mr4 [M+m (1 — cosp)]

M+m(l + cosp) sinp M(2— cos2 p) + m (cos3 p— cos2 p + 2) _,_kTA(A.
— 1 . . BJJ1JW"

2mMr2p2 Mr2p 2mMr2sin2 p

M+2m | M+m(l —cosp) 2m sin p _

2mr2 [M+m (1- cosp)]2 1 p2 p

Af»(2-cos»p)+2i»iM(2-3co8p-cosip+2co»»p)+»i»(6-6 co8p-5co8«p+4co8»p+cos«p)

[Af+m ( 1 - cos p) ] sin* p

BDD<2>

The HBJ Hamiltonian is obtained from that of BL by neglecting the derivatives

dr/dp and d2r/dp2. In the formulas (6) M represents the mass of the nucleus A,

m of B. When p->0 all four Hamiltonians reduce to the Hamiltonian of a twodi-

mensional harmonic oscillator:

H.^/f=-i(^TIATl^)+i*p. (7)

p-o 2(A \ dp8 p dp pa d<p2 / 2

mMr2
with a= .

2(M+2m)

Treatment of the Rentier-Teller effect

In this paper the method for the treatment of large amplitude bending

vibrations, described above, is applied for the calculation of vibronic energies and

wave functions in the 2nn state ofBH2. This electronic state, orbitally degenerate at

the linear geometry of the molecule, splits as a consequence of the bending vibrations

into two states (2Ai and 2Bi), representing an example of the Renner-Teller effect13.
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It is well known that in this case the usual Born-Oppenheimer approximation

breaks down and instead the total wave function must have the form

(r„ r») X" (r«) + +«+ (r«, r») X (r,)

where 4»*-> <l'e+ represent the electronic wave functions for the lower and upper

component states in the Born-Oppenheimer approximation and x~> Z+ the corre

sponding nuclear functions. The energy values and wave functions can be found,

according to the method proposed by Buenker14, by diagonalizing the Hamil-

tonian for the electronic and bending motions, as well as the rotations about the

axis a corresponding to the smallest moment of inertia,

n.N n N

i i, a i<j a<b

- i.f Ti(f) £ + Ttifi) f + 7s(p) + r4(P)l=

2 (_ dp8 op dcp2 J

2 L ^P2 <*p <*P2 J

(8)

in a basis consisting of the products of the electronic wave functions <\i+ and

the vibrational functions Oi(p, 9). The matrix elements of the Hamiltonian (8)

in this basis are14-1*:

<+« <t>? \m w 4f> - <*« <t>r m w $> -

-{+a^|(rv+^+rv+T4)hHf>

(ot,[i=+or—). After an integration over the electronic coordinates one obtains:

<+« \H\ +P> = f F«fJ- -i f Tx £ + r2 f + r3 ~ + r4 ) 1^-

l 2 \ dp2 dp d<p2 / J

2 dp I dp I dp 2 1 092 I

- Ts BStp _ JL r, c«P Sap (9)

dq> 2
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with

d

CaP=<<J/a

(10)

It can be shown that 5~=0, B++= 0, — B~+, C~ 1 0 and C+-=0. Taking

the vibrational functions in the form

(t),(p,¥)=-«iA'?i?,,KtA(?)
(11)

where K is the quantum number of the total angular momentum about the a-axis

and R„, k±a the solutions of the radial equation corresponding to a twodimensional

harmonic oscillator, and applying an orthogonal transformation on the //-matrix:

(12)

5=

V2

-i 1

i 1

one obtains from (9)*:

|//|<j»p>= \ — v-) - — I Ti — + r2 — -K2 r3+r4 \ 1 sap +

L 2 2 \ dp2 dp } J

+ -- ( - F~)a*(J T K T3 B-+ J

1 c+++c-

- i 3 Oap

2 2

1 C++-C" ,
- r3

2 2

d2

dp2

d2

dp2 <)P2

| dp

d

op op

(13)

The matrix transformation (12) is equivalent to the change of the basis functions

from ip+ exp(«"K<p) -Rv, k±a and expfiKy) -Rv, k±a to their linear combinations

_L (++ + i ,|-) ><p A._A (p) = ^ gocp Rv K_A (p)

(++- i «Jr) e<K9 Rv, k+a (p) = +2 e<>«? Rv, K+A (?)

V2

(14)

Eq. (13) is more general than that normally used in the treatment of the

Renner-Teller effect. In the linear limit (p ->0) the electronic wave functions

* The integration over 9 is also performed
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have the form sin A(6— 9), <\>+ ~ cos A (6— 9)* and the basis functions

(14) become:

lim +1 e'K? Rv, k-a (p) ~ eiA6 ** <K~A) 9 Rv, k-a (p)

p-.o

(15)

lim 4-2 c'K9 Rv, k+a (?) ~ e"iA0 ei(K+A) » k+a (p)

p-0

that is, they are the same as those used by Renner13. If we use this asymptotic

form of the basis functions, with the consequence that B~ + = A, C~~—— A2,

C+ +=—A2, and neglect the terms in (13) which include the derivatives

of 9~ and ^+ with respect to d/dp and d2/dp2, eq. 13 reduces to the usually used

form:

12 2 [ dp2 dp J J

(16)

The operators (14) and (16) can b: divided into two parts:

H -- H0 + H' (17)

with

H0 ' * o2 • T0

2

2

T=T0+T r0=limT

p-0

The vibronic energies and wave functions are obtained by diagonalizing H in

the basis consisting of the eigenfunctions of the twodimensional harmonic oscilla

tor (Rv, k±a)- The anharmonic part of the potential and the coefficients T1—T4

are expanded into Taylor series and the corresponding matrix elements are cal

culated as described in refs 15—18.

Vibronic structure of the 2nu state of BH2

The method descibed in the second and third part of this paper is used

for the calculation of vibronic energies in the 2n„ state of BH2. The potential

surfaces for both the components (X2Ai and A2Bi) of this state were calculated

using the ab initio MRD-CI method by Buenker and Peyerimhoff19-20. The AO

basis set consisted of 45 contracted Gaussian functions : five 5 and three p groups

in addition to a set of ^-functions with the exponent a =0.6 and a set of/-functions

(a = 1 .0) at the boron atom, two s groups and one p function at each of the hydro

gen atoms and one s (a -1.3) and one p (a ==0.5) function located in the middle

of the BH bonds21. The molecular orbitals were obtained as linear combinations

* A represents the quantum number for the component of the electronic angular momen

tum along the a-axis, A the corresponding coordinate
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of these AO's by solving the Hartree-Fock-Roothaan equations. In the CI calcula

tions the electronic wave functions are taken in the form of linear combinations

of a great number of Slater determinants representing various electronic configura

tions. The MO's obtained in HF calculations were used to construct a set of seven

configurations which were found to be important for the description of the X2Ai

state and five configurations for the A2Bi state. All single- and double excitation

species with respect to these reference configurations were generated and their

effect on the energy lowering was estimated. The configurations which caused

an energy lowering larger than 5[iH were included into the secular equation finally

solved (dimension ~ 2200). The contrbution of the remaining generated configura

tions and of higher excitations with respect to the chosen reference configurations

was estimated by an extrapolation procedure and by means of a perturbation cal

culation as described in refs 19—20.

In the paper 21 the vibronic levels in the 2nu state of BH2 were calculated

using the potential surfaces calculated with the AO basis without /-functions. On

the basis of these calculations a reinterpretation of the experimentally obtained

spectrum22 was proposed. It was also found that the calculated vibronic term

values lie for 300—800 cmr1 (at AE~ 16000 cm-1) above the experimental ones.

In the present paper the more accurate potential surfaces obtained by calculations

including /-basis functions are employed — Fig. 1 . To the set of points obtained

directly from the CI calculations is added a number of additional energy points

generated using a cubic spline interpolation sheme. The potential energy points

are fitted with polynomials of the 20-th order. For the calculation of vibronic

levels a set of 2 x 30 basis functions is used. In all calculations the BH distance

was fixed at 0.117 nm.

TABLE I. Comparison of vibronic term values (in cm'1) obtained using various kinct 'c energy operators.

nBHt, *A\ stale above, 2fli below.

T0 BDD'O) BDD(2) HBJ

-2120.1 -2134.0 -2135.0 -2136.5

-1113.8 -1140.9 -1143.7 -1145.2

- 136.0 - 176.0 - 180.4 - 182.0

872.6 816.0 809.5 808.0

1970.4 1891.7 1882.5 1881.1

3171.6 3065.8 3053.5 3052.2

4468.1 4330.7 4314.9 4313.7

5849.5 5676.2 5656.6 5655.5

7306.8 7093.7 7069.9 7068.9

8832.2 8575.4 8547.3 8546.4

10418.2 10114.0 10081.5 10080.6

12057.2 11702.6 11665.4 11664.6

13741.6 13333.7 13291.9 13291.1

15463.8 15000.2 14953.7 14953.1

17217.0 16695.3 16644.1 16643.5

18996.5 18413.6 18357.8 18357.3

2014.4 2006.1 2005.9 2003.6

4006.7 3991.8 3990.5 3988.4

5990.6 5964.9 5961.9 5959.9

7982.8 7941.9 7936.6 7934.8

9993.0 9932.7 9924.6 9922.9

12024.1 11940.2 11928.9 11927.3

14075.0 13963.6 13948.6 13947.2

16143.4 16000.7 15981.7 15980.3

18227.7 18049.6 18026.5 18025.2

20327.4 20110.3 20082.6 20081.4



52 PERIC and KRMAR

The results for 11BH2 obtained using various forms of the kinetic energy

operator are given in Table I. Since the potential surfaces were calculated at con

stant bond length, it was not possible to perform the calculations with the BL

operator. In all calculations the simpler form of the secular equation (formula 16)

was used*. It can be noted that the calcu!a:ions with the HBJ and BDD<2> operator

give practically the same results (differences ~ 1 cm-1). The results obtained

with BDD<°> differ for ~ 20 cm-1 at 10000 cm-1 from these corresponding to HBJ

and BDD(2). In the same region of the term values the deviations are much greater

(~ 300 cm-1) if the constant reduced mass, corresponding to small vibrations

about the linear geometry of the molecule, is used. This illustrates the importance

of the large amplitude formalism in the treatment of bending vibrations.

TABLE II. Comparison of calculated vibronic term values for UBH° with experimentally obtained

ones. GS ss *Ai, ES = 2Bi. * denotes the levels not actually observed but calculated

using the extrapolation formula given in paper 22.

K = 0 K = 1 K = 2

GS ES exp GS ES exp GS ES

0 45 177

992 1049 1266

1955 1984 2248

2945 2760 3229

4018

4141 4194*

3564

4592

4199

5224

5189

6125 6099* 5831

5080

6538

6012

6451 7012 7742

7793

8097 7997*

7189

8491 9222

8076

9206

10072 9886* 9944

9068

10717

10004

10683

12060 11767 11456

11043

12282

11969

12218 12967 12690 13775

13802

14064 13641

13089

14609 15431

14017

15428

16084 15506 16257

15070 14558

17102

16066

exp

K = 3

GS ES

386

1491

2594

3696

4803

5934

exp

7281

8488

9990

11525

13165

14597

16274

17966

6749

8961

10913

12847 12580

15047

17052

In Tabic II and Fig. 1. the calculated term values for nBH2 obtained with

the HBJ Hamiltonian are presented. These results confirm the conclusion made

in paper 21 that the assignment of the observed bands proposed by Herzberg

and Johns-2 is not correct. If one accepts that the quantum numbers in the observed

progression are by two smaller then those given in paper 22, the agreement bet

ween the observed and calculated band positions can be characterized as very

sastisfactory — it is by ~ 300 cm 1 better than in paper 21. The fact that the

calculated term values corresponding to higher quantum numbers are still not

much, but systematically above the experimentally obtained ones, can be attri

buted to the constant bond length used in the calculation of the bending potential

* An example of the more accurate calculations in which the exact BO electronic wave

functions are used to get the D~+, C~~ and C+ + terms is preserved in paper 15.
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surfaces, not being optimal at each angle, especially not at strongly bent geometries.

If the BH distance has been optimized at each angle, the potential curves would

be flatter and consequently the vibronic levels would be closer to each other. To

the same effect could also contribute the very probable existence of another electronic

state near the 2Bi state, as already discussed in connection with other similar species23.

 

60 100 140 180 140 100 60

Fig. 1. Bending potential surfaces (full CI

values) for 2nu state of BH2. K=0(-)

and K= 1 ( ) vibronic levels corres

ponding to UBH2 are also indicated.

Acknowledgements. The authors want to thank Professors R. J. Buenker and S. D. Peyer-

imhoff for the use of SCF and CI programmes. The services and computer time made available

by the University of Bonn are also gratefully acknowledged.

n 3 b o j

TEOPHJCKO TPETHPAH>E CABHJAjyRHX BHEPAIJHJA BEJIHKHX AMnjIHTyjTA

y CTAIfcy an „ PAflHKAJIA BH2

MHJbEHKO riEPHTi ii MAPHJA KPMAP

HHCtuuiuyiu 3a c/)U3UHKy xejuujy TIpupodHO-.uaiueMauiuHKoe (fiaxyAuieuia yHU«cp3uiiicuia

y Eeoipady, u. up. 550, 11001 Eeoepad

Bn6poHCKH hhboh y 2II„ crafty BH2 pa^HKaJia pawyHaTH cy y3 KopHiuheH>e paamraiiTHX

oojiiiKa onepaTopa KHHercniKe eHeprnje 3a caBHjajyhe BH6pairnje bcjihkhx aMimiiTyaa. ripirroM

cy KopmheHe noTemrHjaJicKe noBpmii «o6nBeHe npwMjeHOM MRDCI lweTOAe.

(ripHMJbeHO 26. HOBeM6pa 1981)
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The kinetics of the cii-rrans-isomerization of bis(diamine)-dinitrocobalt(III)

complexes has been studied by heating the aqueous solutions of the following com

pounds: bis(l,2-diaminoethane)dinitrocobalt(III) complex, in the temperature range

from 80 to 95°C; bis(l,2-diaminopropane)dinitrocobalt(III) complex, in the range

70 to 85°; and, bis(l,3-diaminopropane)dinitrocobalt(III) complex, in the range 50 to

65°. On the basis of the kinetic parameters obtained, the following has been concluded :

In all the cases studied the equilibrium is shifted towards the rram-isomer so much that

the reverse reaction is practically negligible. The complex which contains 1,3-ai-

aminopropane is the most rapidly isomerized. The complex containing 1,2-diamino-

propane is less rapidly isomerized, whereas the isomerization of the 1,2-diaminoethane

complex is the slowest. The isomerization reactions proceed probably via an intra

molecular mechanism, with rupture of one end of the diamine chelate ring.

Cobalt(III) complexes containing various ligands, either unidentate or bident-

ate ones, represent an important and convenient basis for the investigation of

rearrangement reactions. Thus far, a considerable number of papers is known to

deal with the investigation of the isomerization reactions of cobalt(III) complexes

which, in addition to two diamine bidentate ligands, also contain two identical or

different unidentate ligands (the mechanisms of many such reactions are described

in the well-known monography by Basolo and Pearson1). However, in none of

these papers the isomerization of the geometrical isomers of bis(diamine)dinitro-

cobalt(III) complexes has been investigated. Therefore, we undertook the task

of investigating the behaviour of complexes containing 1,2-diaminoethane, 1,2-di-

aminopropane and 1,3-diaminopropane, respectively, when their aqueous solutions

are heated.

EXPERIMENTAL

Preparation of cis- and trans-isomers of bis(diamine)dinitrocobalt(_III) nitrate

The geometrical isomers containing 1,2-diaminoethane and 1,3-diaminopropane, respec

tively, were obtained by previously described procedures2,3.

The cis- and fraro-isomers of bis(l,2-diaminopropane)cobalt(III) nitrate were prepared

by a procedure analogous to that applied for the preparation of the rrani-isomer of the 1,2-dia

minoethane complex2, except that the time period of passing an air stream through the reaction

solution was prolonged to 3 — 4 h. The racemic form of 1,2-diaminopropane was used for the

55
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synthesis. The separation of the cis- and iraro-isomers* was carried out by means of the cationic

resin Sephadex. The elution was performed with potassium nitrate solution, the concentration

of which was 0.025 mol dm-3 (the traw-isomer was first eluted from the column). The eluates

obtained were concentrated at room temperature and left in a refrigerator in order to cause the

crystallization of the isomers. The composition and the geometrical configuration of the isomers

prepared were determined by micro-analysis, paper chromatography and electronic absorption

spectra in the visible and ultraviolet regions.

Kinetic experiments

Kinetic experiments were carried out by following the isomerization reactions at given

temperatures (samples were heated in separate sealed glass tubes in a thermostat Typ NBE Pruf-

gerate-Werk, Medingen/Dresden, with temperature deviations up to ±0.05°), i. e. by taking

samples at given time intervals and measuring their solution absorbances at given wavelengths.

Each sample taken from the reaction vessel was checked by paper chromatography whereby it

was established that the complexes examined did not decompose in the course of the isomerization.

In the case of cw-bis(l,2-diaminoethane)dinitrocobalt(IH) nitrate the reaction was followed

in the temperature range from 80 to 95°, at two wavelengths: 315 and 320 nm (by means of a

Perkin-Elmer 137 UV spectrophotometer). The concentration of the heated aqueous solution

(in a sealed glass rube) was 6x 10~3 mol dm-3, and the concentration of the solution, which was

measured spectrophotometrically, was 4.8 x 10~4 mol dm-8.

The concentration of the aqueous solution in the isomerization of cis-bis(l,3-diamino-

propane)dinitrocobalt(III) nitrate was 4.4 xlO-2 mol dm-3, whereas the spectrophotometric

measurements (performed by means of a Beckman DU-2 spectrophotometer) at the wavelength

of 330 nm, were carried out with a solution the concentration of which was 1.8 x 10—1 mol dm-3.

The temperature ranged from 50 to 65°.

The concentration of the aqueous solution in the isomerization of the cts-bis(l,2-diamino-

propane)dinitrocobalt(III) nitrate was 9.7 XlO-3 mol dm-3, and the optical density at 320 nm

was measured with a solution the concentration of which was 2.4 x 10-4 mol dm-3. The measure

ments were performed with a Unicam SP 500 spectrophotometer.

The apparent optical densities, Dt, of the complex ions were measured (on duplicate runs)

at given time intervals for one to two half-lives or more of the reaction. As apparent optical den

sities at ..infinite time", jDoowere taken the densities of the corresponding solutions of rrara-iso-

mers, since the tram-»as-isomerization was negligible at the experimental conditions. The plots

of ln(Dt—Daa) vs. time fitted straight lines wihtin the experimental error. Since in each experi

ment the hydrogen ion (or the hydroxide ion) concentration remained constant, the linearity

indicated that the isomerizations were first-order reactions with respect to the concentrations

of the isomers. The constants were obtained by least squares treatment of the following equation :

ln(Dj - Doo) = ln(Z)0- £>oo) - kt

(D0 equals the optical density at zero time).

Half-lives of isomerization reactions, ti/2, were calculated by means of the expression

fi/2 = 0.693/£. The activation energy was determined graphically, by plotting on the ordinate

the logarithmic values of the rate constants vs. the reciprocal values of the absolute temperatures

on the abscissa:

Ea = - slope x 2.303 R,

where R represents the gas constant. Calculations of the activation enthalpy, the activation entropy

and the activation free energy were performed by means of the following expressions :

&H+^Ea-RT

* Although these two isomers might theoretically appear in a relatively great number

of forms (due to different orientations of the two 1 ,2-diaminopropane ligands, as well as on account

of the different absolute configurations of ligands and the complex itself4), their existence has

not yet been established with certainty.
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AS# = 19.151og(A/r)+A///r*- 197.57

AG# = A//*-7/AS*.

RESULTS AND DISCUSSION

The values of the first order rate constants of the cw-traro-isomerization

reactions studied, as well as the corresponding half-lives, are presented in Table I.

Other kinetic parameters are shown in Table II.

TABLE I. First order rate constants {.s*1 ■ 10*) and the half-lives (in hours) for the investigated

cis-*trans isomerizations of the bis(diamine)dinitrocobalt(l 1 I) complexes*

Complex

Temperature CO

[Co(N02)2 em] NOa [Co(NOs)2 pn2] N03 [Co(N02)2tn2]N03

50 - - 0.97(19.8)

55 1.35(14.3)

60 - - 2.40(8.10)

65 - ' - 3.75(5.20)

70 - 1.80(10.5)

80 1.40(13.60) 3.40(5.60)

85 1.60(12.30) 7.15(2.73)

90 4.50(4.40) -

95 7.80(2.50)

* en = 1,2-diaminoethane (ethylenediamine) ; pn -— 1,2-diamonopropane (propylenedia-

mine); tn = 1,3-diaminopropane (trimethylediamine).

On the basis of the results given in Table I, the following might be concluded:

— The complex containing 1,3-diaminopropane is more rapidly isomerized at 65°

than the complexes containing 1,2-diaminoethane and 1 ,2-diaminopropanc, re

spectively, at 80°;

— When the rates of isomerization of complexes containing five-membered dia

mine rings are compared, it might be seen that, at the same temperature, the

rate constant of the complex containing 1,2-diaminopropane is greater than

that of the complex containing 1,2-diaminoethane.

The activation parameters given in Table II show that the values for the

activation energy range from 84.4 to 133.4 kj mol-1. The comparison of the activa-

TABLE II. Activation parameters for the investigated cis->trans isomerization reactions of the

bis( 1iamine)dinitrocobalt( III) complexes*

Complex E AH* AS* AG/

(kjmol-1) (kjmol-1) (J K"1 mol-i) (kj mol"1) log K0(s-')

[CotNCHk en2] N03 133.9 131.0 29.2(800 120.7(80 C) 14.4(80 )

[CcKNO)^ pn2] N03 89.3 87.1 -86.7(80°C) 1 17.7(80 C; 8.4(80 C
[Co(NOa)2 tn2] NOs 84.4 81.6 -91.8(65CC) 78.5(65 C) 8.1(65°C)

* For the meaning of en, pn and tn see Table I.



58 TOROVIC and CELAP

tion energies for the isomerization reactions of complexes containing five-memebred

rings indicates that the energy for the complex containing a more voluminous

1,2-diaminopropne ligand is considerably smaller than that determined for the

1,2-diaminoethane complex. Besides, the Table shows that the activation energy

for the complex containing a six-membered ring, i. e. 1,3-diaminopropane, is smaller

than the activation energies for the other two complexes containing five-membered

diamine rings. Theses findings are in agreement with the known fact that five-mem

bered chelate rings exhibit a greater stability than the corresponding six-membered

ones6. On the basis of all aforesaid it might be assumed that the isomerization of the

investigated complexes proceeds with the breaking of one bond between cobalt

and nitrogen of the diamine ring, with subsequent reattachment, which may

lead to a steric change. However, complete dissociation of the diamine is unlikely

to occur, since, in that case, the complex would be destabilized and therefore

extensively decomposed7, and that was not observed in the course of the experi

ments. These considerations are supported by the fact that the activation energy

for the substitution of nitro-groups in the hexanitrocobaltate(III) ion with amino

acids (about 1 55 kj mol-1)8, for which the dissociation mechanism is accepted, is

considerably greater than the energies obtained in this paper. Similarly, in agree

ment with the assumed mechanism also stands the fact that the exchange of 15N02~

and the ai-nitrobis(acetylacetonato)dinitrocobaltate(III) ion takes place very

slowly9. Finally, the proposed mechanism is consistent with the rule given by

Martin and Tobe10. In the opinion of these authors the isomerization mehcanism

of complexes of the type [Coen2XOH ]*+ depends upon the strength of the Co-X

bond. If this bond is strong, as it is in the case of the C0-NO2 bond11 in complexes

the isomerization of which has been studied, then, an intramolecular mechanism

with opening of the ring is likely to occur. On the contrary, if this bond is weak,

the isomerization of the complexes is more likely to proceed via a dissociation

mechanism.

The possibility that the isomerization of the investigated complexes takes

place by an intramolecular twisting mechanism, namely, that in the course of the

isomerization the bond between the central ion and the ligand is not broken, is

less probable. In this case one would expect the slowing down of the isomerization

rate of the 1 ,2-diaminopropane complex, which contains one additional methyl

group, in comparison to the 1,2-diaminoethane complex. On the contrary, it has

been established that the complex containing more voluminous 1 ,2-diaminopro

pane ligands is more rapidly isomerized than the corresponding complex containing

a 1,2-diaminoethane ligands.

Finally, as regards the difference in values of the activation entropies between

the 1,2-diaminoethane complex and the other two complexes (Table II), no quite

satisfactory explanation could be given on the basis of the experimental data ob

tained so far. However, it is unlikely that this difference is due to different isomer

ization mechanisms of the aforementioned complexes, in view of the fact that these

complexes are of very similar composition and of identical structure. This assump

tion is supported by the fact that the activation energies for the isomerization

reactions of these complexes vary in the way which is consistent with the pro

posed unique mechanism for all the three complexes studied. The abovementioned

difference in the activation entropies might originate from a different hydration

degree of the transition complex, due to different branching and a different length

of the half-separated diamine ligand. Another possible explanation for the change

in AS* are the different conformational requirements of the chelate rings. Ethylene
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diamine has no conformational preferences, but pn and tn do. Perhaps they must

adopt another conformer before dissociation.

*
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H 3 B o R

nPOYMABAIfeE H30MEPH3AUHJE

BHCCaHAMHH)-flHHHTPO-KOBAJlT(III)-KOMnJlEKCA

PA£OCJIAB O. TOPOBWB H MHJIEHKO B. TkEJIAn

npupoduo-MauteMaiuuHKu (fianyAiueui yrHueep3uiueuia y Eeoepady, u. up. 550, 11001 Eeoipad

HcrarraHa je KHHeTHKa iiuc-iupa)ic-monepn3auii)e 6Hc(HHaMHH)-flnHHTpo-Ko6ajrr(III)-KOM-

nJieKca 3arpeBaH>eM h>hxobhx boachhx paciBopa: 6Hc(l,2-AHaMHHO-eTaH)-AHHHTpo-Ko6ajiT(III)-

-KOJHineKca y TeMnepaTypcKOM Hirrepuajiy oa 80—95° , 6Hc(l,2-jnraMHHO-nponaH)-AHHHTpo-KO-

6ajrr(III)-KOMnjieKca y TeMnepaTypcKOM HHTepBajiy oa 70—85°, 6Hc(l,3-flHaMHHO-nponaH)-flH-

HHTpo-Ko6ajrr(III)-K0MruieKca y TeMnepaTypcKOM HHTepBajiy oa 50—65°. Ha ocHOBy khhcthmkhx

napaMerapa 3ambyMeHO je cjieflehe: 1) Y cbhm HcnHTHBamfM cnyMajeBHMa paBHOTOKa je noiwepeHa

tojihko npeMa «J/)aKC-H30Mepy Aa je cynporaa peaKiwja npaKTHmro 3aHeMapjt>HBa ; 2) KaAa ce

nopeAe AooHBeHe KOHcraHTe 6p3HHe i/uc-ujpa»<>H30Mepii3auHje flOJia3H ce ao 3aKJbyHKa Aa ce

KOMnneKc kojh caAp>KH 1 ,3-AnaAnmo-nponaH H30iwepH3yje Haj6p>Ke, 3aTHM komiukkc Kojn caAp>Kii

1 ,2-AHaainHO-nponaH, a Hajcnopiije ce ireoMepMyje KoMiuieKC Kojn caApwn 1 ,2-AHaMiiHo-eTaHj

3) npeTnocraBJbeHO je aa ce peaianije iMO.Mepiraaimje oflBiijajy I'HTpaMOJicKyjicKHM MexaKH3MOM

c pacKHAaH>eM jeAHor Kpaja /ina.MiiHCKor xejiaTHor npcreHa.

(IIpHMJbeHO 17. HOBeM6pa 1981)

REFERENCES

1. F. Basolo, R. G. Pearson, „Mechanisms of Inorganic Reactions", 2nd Ed., J. Wiley,

New York 1967, p. 274

2. H. F. Holtzclaw, Jr., D. P. Sheetz, B. D. McCarty, Inorg. Synth., 4, 176 (1953)

3. M. B. Celap, M. J. Malinar, P. N. Radivojsa, lnorg. Chem., 14, 2965 (1975)

4. F. Basolo, „ Stereoisomerism of Hexacovalent Atmos", in J. C. Bailar, Jr., Editor, „The Chem

istry of the Coordination Compounds", Reinhold Publ. Co., New York 1956, p. 318

5. T. E. McDermott, Inorg. Chim. Acta, 3, 246 (1969)

6. R. W. Parry, ..Chelation and the Theory of Heterocyclic Ring Formation Involving Metal

Ions", in J. C. Bailar, Jr., Editor, „The Chemistry of the Coordination Compounds", Rein-

hold Publ. Co., New York 1956, p. 227

7. Ref. 1, p. 283

8. M. B. Celap, T. J. Janjic, P. N. Radivojsa, Rev. Chim. min., 10, 607 (1973)

9. R.J. York, R. D. Archer, Dissertation Abstr.,3QB, 4031 (1970)

10. D. F. Martin, M. L. Tobe,/. Chem. Soc, 1388 (1962)

11. R. Herak, N. Juranic, M. B. Celap, /. C. 5. Chem. Comm., 660 (1980).





TjIACHHK XEMHJCKOr flPYIUTBA BEOrPAJI

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD

47 (3) 61—65 (1982)

UDC 547.831:543.257.5

GHDB-800 Original scientific paper

KONDUKTOMETRISCHE BESTIMMUNG VON CHLOROQUIN*

KOSTA NIKOLIC, RADOMIR POPOVIC und MILANKA BODIROGA

Institut fur physikalische Chemie der Pharmazeutischen Fakulttit, Universitdt Belgrad, Dr Subotica 8,

YU-11000 Belgrad, und Apotheke der Militarmedizinakademie, Belgrad, Jugoslawien

(Zugcgangen am 22 Oktober 1981)

Zur quantitativen Bestimmung von Chloroquin in reiner Substanz und in

Tabletten wird die konduktometrische Titration mit Perchlorsaure in Eisessig

oder Silikowolframsaure in Methanol vorgeschlagen. Die erhaltene konduktometri

sche Kurven weisen auf eine genaue und reproduzierbare Bestimmung des End-

punktes der Titration hin.

Chloroquin als Chemotherapeutica hat antiprotozoische Wirkung aufAmoben,

Trypanosomen und Plasmodien und wird zur Prophylaxe und Therapie von samt-

Iichen Malariaformen und extraintestinalen Amobiasen angewendet. Es sind auch

andere therapeutische Eigenschaften dieser Verbindung bekannt1-2 und demzu-

folge in vielen Pharmakopoen als reine Substanz oder in verschiedenen Arznei-

formen offizinell. Abhangend von pharmakopoischen Vorschriften sind verschie-

dene Methoden zur quantitativen Analyse Chloroquins eingesetzt, wie z. B. die

turbidimetrische3, kolorimetrische4, gravimetrische5, fluorimetrische6 und spektral-

photometrische7 Bestimmung. Die Elektroanalyse dieser Substanz wird durch Po-

larographie, Voltametrie und Amperometrie,8 sowie potentiometrische Titration

durchgefiihrt.

In unserer Arbeit wird die konduktometrische Methode vorgeschlagen, mit

der man mittels Perchlorsaure oder Silikowolframsaure geringe Mengen von

Chloroquinphosphat bestimmen kann. Damit wird noch eine Moglichkeit gegeben

urn diese Substanz in reiner Form und in Tabletten elektroanalytisch genau und

reproduzierbar zu bestimmen.

EXPERIMENTELLER TEIL

Gerat: Conductivity Meter, Type CDM 3, Radiometer, Copenhagen, mit der Zelle PP1042.

Uber REA 112 High — Sensitivity Unit wird das Gerat mit dem RTS 622 Recording System

verbunden und die Titration mittels automatischer Burette ABU 12 bei Zimmerte mperatur

durchgefiihrt.

Losungen, Reagenzien, Indikatoren: Silikowolframsaure, 1,25 -10-2 mol/am3 40,93 g H4[Si-

(WsOi0)]. 22 HaO p. a. Merck, wurde in einem MeBkolben in 1000 cm3 Wasser aufgeldst. Zur

Bestimmung des Faktors wurde 50 mg Papaverinchlorid (Trocknen 102—105", Konstantgewicht)

in 20 cm3 Wasser aufgeldst, 3 Tropfen Kongorot zugefugt und der entstandene Niederschlag

durch Ruhren aufgeldst. Darauf wurde mit Silikowolframsaure titriert bis rotoviolette Farbung

zu blau umschlagt. 1 cm3 Silikowolframsaure, 1,25 ■ 10 2 mol/dm3= 18,78 mg Papaverinchlorid.

* Diese Arbeit wurde am Kongrefl der F. I. P. in Wien 5. IX. 1981 referiert.
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Perchlorsaure, 0,05 mol/dm3; Methanol, p. a. Merck; Papaverinchlorid, purum, Merck;

Eisessig, p. a. Merck; Kongorot, 0,2 g in 100 cm3 Wasser; Chloroquinphosphat Reinsubstanz

nach Brit. Pharm.' ; Resochin Tabl., Bayer, Leverkusen ( 1 Tabl. = 250 mg Chloroquinphosphat).

Die Titration unit Perchlorsaure

Die Stammlosung, 0,1%: Eine entsprechende Menge von Chloroquinphosphat (Trocken

102—105°, Konstantgewicht) wurde aufgeldst. Die zu 2,5 und 10 mg Chloroquinphosphat ent

sprechende Aliquote wurden iu Titriergefafle ubergetragen, mit Eisessig auf 50 cm3 gefiillt

und mit Perchlorsaure automatisch titriert. Der Endpunkt wurde graphisch bestimmt. 1 cm3

0,05 mol/dm3 HC104= 12,8975 mg Chloroquinphosphat.

Zur Bestimmung von Chloroquinphosphat in Tabletten wurde eine Menge Resochintab-

letten, die 100 mg Chloroquinphosphat enthalt verpulvert, in einem 100 cm3 Meflkolben mit

50 cm3 Eisessig 30 Min. geschiittelt, bis zur Marke aufgefullt und durch Glasnutsche G — 4 fil-

triert. Hierauf wurden Volumen von 2,5 und 10 cm3 in Titriergefafle ubergetragen, mit Eis

essig auf 50 cm3 gefiillt una wie vorher die Reinsubstanz, titriert.

Die Titration mit Silikotvolframsaure

Die StammlOsung, 0,1%: Es wurde 100 mg Chloroquinphosphat in einem 100 cm3 Mefl

kolben mit 2 cm3 Wasser aufgeldst und mit Methanol bis zur Marke aufgefullt. Davon wurden

2,5 und 10 cm3 in Titriergefafle ubergetragen, mit Methanol auf 50 cm3 gefiillt und mit Siliko-

wolframsaure automatisch titriert. Der Endpunkt wurde graphisch bestimmt. 1 cm3 1,25- 10-2

mol/dm* Silikowolframsaure = 12,8975 mg Chloroquinphosphat.

Zur Bestimmung dieser Substanz in Tabletten wurde eine Menge Resochintabletten, die

100 mg Reinsubstanz enthalt gepulvert, in einem 100 cm3 Meflkolben mit 5 cm3 Wasser 15

Min. geschiittelt, mit Methanol bis zur Marke aufgefullt und durch eine Glasnutsche G—4

filtriert. Weiter verfahrt man wie bei der Bestimmung der Reinsubstanz.

In Tab. I sind die Ergebnisse der konduktometrischen Titration von Chloro

quinphosphat als Reinsubstanz und in Tabletten mittels Perchlorsaure oder Siliko

wolframsaure dargestellt.

ERGEBNISSE UND DISKUSSION

TABELLE I. Ergebnisse der konduktometrischen Titrationen.

Mittelwerte aus je 7 Titrationen

Titrant

Titrierte

Substanz

Eingewogen

in mg

SilkowolframsSure

Gefunden

in mg

Perchlorsaure

Gefunden

in mg

Chloro- 2,0

quin- 5,0

phosphat 10,0

Resochin 2,0

Tabletten 5,0

a 250 mg „Bayer" 10,0

2,02T 0,05*

5,01 =F 0,05

10,0^0,1

2,02T 0,05

5,0=F0,1

9,9=F0,1

1,99T 0,05

4,9=F 0,1

10,0T 0,1

2,06^ 0,05*

4,9 =F 0,1

9,9T0,1

* Standardabweichung des Mediums
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Aus den erhaltenen Ergebnissen kann man eine sehr gute Übereinstimmung

zwischen den eingewogenen und durch die konduktometrische Titration gefundenen

Mengen von Chloroquinphosphat erkennen. Sehr geringe Standardabweichungen

weisen auf eine gute Reproduzierbarkeit dieser Methode hin, die besonders bei

der Bestimmung von kleinen Mengen ausgeprägt ist.

Zur konduktometrischen Titration sind solche quantitative chemische Reak

tionen gewählt, die in geeigneten Lösungen solche Änderungen der Leitungs

fähigkeit hervorrufen, welche konduktometrische Kurven geeigneter Form verfer

tigen ermöglichen. Da drei Stickstoffatome in der Chloroquinmolekül verschiedene

basische Eigenschaften äußern, sollte man erwarten, daß die Protonierung in

verschiedenen sauren Medien erfolgen kann, was auf den Charakter der kondukto

metrischen Kurven Einfluß haben könnte. Deshalb wurden Absorptionspektren

von Chloroquin in Lösungen von verschiedenen Aciditäten geprüft und zwar in

der Schwefelsäurelösung, H = — 0,7 der Hammet'schen Skala, sowie in Eisessig,

wobei beinahe identische Spektren erhalten wurden (Abb. 1).

Auf Grund von diesen Absorptionspektren kann man annehmen, daß der

tertiäre Stickstoffatom im Diäthylaminorest und jener im Chinolinring protonisiert

sind, und demzufolge bei der Titration mittels Perchlorsäure beträgt das stöhio-

metrische Verhältnis zwischen dem Titrant und Titrand 2:1. Wenngleich die

beide Stickstoffatome protonisiert sind, kann man dies an der konduktometrischen

A

«.2
 

od

0-33 035 croä

/

225 325 Mnro)

Abb. 1. Absorptionspektren von 10-4

mol/dm3 Chloroquinphosphat in Eisessig.

Abb. 2. Die konduktometrische Titra

tionskurve von Chloroquin mit 0,05

mol/dm3 Perchlorsäure.
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Kurve (Abb. 2) im Einzelnen nicht erkennen, weil nur ein Knickpunkt den End

punkt der Titration bezeichnet, worauf wegen den schnellen Wasserstoffionen eine

Steigerung der Leitungsfähigkeit eintrat. Aus dem Charakter der konduktometri-

schen Kurve geht hervor, daß man den Endpunkt genau und reproduzierbar

bestimmen kann.

Die erhaltene Ergebnisse zeigen daß sich keine Solvolyse zugetragen hätte, die

unerwünschte Konkurenzreaktionen hervorbringen könnte. Wie bei reiner Substanz

wurde auch bei der Bestimmung des Chloroquins in Tabletten mit Perchlorsäure

der gleiche Typ der konduktometrischen Kurve erhalten. Man kann daraus be

schließen, daß Substanzen die zur Herstellung von Tabletten dienen, keinen

Einfluß auf die Leitungsfähigkeit und Genauigkeit der Bestimmung haben.

Auch bei der bilogarithmischen konduktometrischen Kurve, die bei der

Titration mittels Perchlorsäure erhalten wurde, kann man zwei Knickpunkte,

welche die Protonierung den einzelnen Stickstoffatome bedeuten sollte, nicht er

kennen. Der Potential der Glaselektrode ändert sich im Laufe der Titration, als

ob ein Stickstoffatom protonisiert wäre.

Auch bei der Titration mit Silikowolframsäure ergab sich zwischen dem

Titrant und Titrand das stöhiometrische Verhältnis 2:1. Wegen geringer Löslich

keit des Reaktionsproduktes wurde die konduktometrische Titration in Methanol

durchgeführt, wobei sich keine Kopräzipitation ereignete, die die Genauigkeit der

Bestimmung beeinflussen könnte.

Die Reaktion mit Silikowolframsäure ist quantitativ und durch Substanzen

die zur Tablettenherstellung dienen nicht gestört. Der Charakter der kondukto

metrischen Kurve stimmt völlig mit jenem der bei der Bestimmung mit Perchlor

säure erhalten wurde überein, was eine befriedigende Genauigkeit der Bestimmung

Chloroquins ermöglicht.

Die automatische Ausführung der konduktometrischen Titration gibt die

Möglichkeit, Chloroquin in Tabletten rasch zu bestimmen, da man das Ausschütteln

vermeidet, was ein großer Vorzug darstellt in bezug auf andere Methoden, bei

denen eine ganze Reihe von analytischen Operationen nötig sind um Chloroquin

in Zustand zu bringen der zur quantitativen Bestimmung geeignet wäre.

*

Für die finanzielle Unterstützung unserer Arbeit sind wir der Wissenschaftsgemeinschaft

S. R. Serbiens zu Dank verpflichtet.

H3B0H

KOHflYKTOMETPHTCKO OflPETiHBAIbE XJIOPOXHHA

KOCTA HHKOJUTR, PAflOMHP nonOBHü h MHJIAHKA EOflHPOrA

Miiciüuüiyüi 3a <ßu3UHKy xejuujy, <t>apMatfeyüicKU cßaKy/iiüeüi, Eeoipad u Aüoüiexa BojwMtdutpiHCKe

axadeMuje, Eeoipad

ripeAJio)KeHa je Merofla KOHayKToMeTpiijcKor o/ipefinBaita xjiopoxmia y *jncroj cyncTamjHjn

h Ta6jieraMa. TmpauJija je H3BoheHa ca nepxjiopaTHoiw khccjihhom y niauHjajiHoj cupheTHoj

KHCeJIHHH H Ca CHJIHKOBOJKppaMOBOM KHCeJlHHOM y MeTaHOJiy. TIpOMeHe y npOBOflJbHBOCTH THTpH-

pamix pacTBopa cy Taraor Kapawepa aa flajy KOHayKTOMeTpnjcKe KpHBe noflecmnc oSjnnxa 3a

oflpe^HBaae 3aBpiime Tawe THTpawije, na cy ßo6njeHH Ta*mn H penpoflyKTHBHH pe3yjrrara.

MeTOfla je noroAHa 3a oApehnBaite Maro« KOJiirqinia xjiopoxusa y cyncraHirajH ii raneHCKHM

npenapaTHMa.

(ITpHMJbeHO 22. oKTo6pa 1981)
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A computational method for the calculations of multistage multicomponent

separations, by a modified Ishii-Otto procedure, is presented. In constrast to the origi

nal Ishii-Otto algorithm, the modified method enables the stage efficiencies to be con

sidered. The computer program provides calculations of distillation columns, ab

sorbers and reboiled absorbers, with real trays and a real thermodynamic model of

multicomponent mixtures.

The present work was undertaken with the intention to develop a modifica

tion of the Ishii-Otto1"2 convergence scheme. Our modified method provides for

the inclusion of the Murphree stage efficiencies in the model equations.

MODEL EQUATIONS

The generalized separation device model used by previous authors1, when

supplemented by the Murphree stage efficiencies, can be represented as:

Over-all material balances (M-equations) :

Fj+lj-i+V^-iLj+S^-iVi+SV^Mr, \<j<N. (1)

Component material balances (C-equations) :

F}Zi,)+L]-iXi,]-i+ Vj+iYu^i-m+S^Xuj-iVj+SV^Yuj^d,); 1 <i<NCP,

1 ^j<N. (2)

Energy balances (^-equations) :

FfHn+Qi+Lt-ihi-i+Vi+iHw-iLi+SLtihf-iVf+SVjlHf^E,; l<j<N. (3)

Summation equations (S-equations) :

NCP

2Xw-\.0=Sf; l<.j^N (4a)
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NCP

or % Y,,,-1.0=S>; l<j<N. (4b)

Equilibrium relationships (P-equations) :

•m,fKu#t,f-Yt,}+(l-i>i>i)Yu}+i=Pt,i; \<i<NCP, \<j<N (5)

derived from the Murphree vapour phase stage efficiency:

tH,)—(Yi,}— Yi,i+i)l(Kt,}Xuj—Yu)+{)

LINEARIZATION

Following the development of Ishii and Otto1, the following relations were

assumed in the course of linearization: Kt,j~Ki,)(P],)TjXi,}),Hj~Hj(P), T)),hj~

h)(P}, 7j), Y)4,j~const.

The linearized model equations are as follows. Over-all material balances:

AL)_i+ AV}+, - ALS- A V,= -M,

or AL,= Z Mk+AV,+i-AVi. (6)

By introducing eqs (6) into the prelinearized C-equations, one may obtain :

L,_i AXi^-iLj+SL,) AXuj-iVj+SV,) AYUi+ Vm AY,,Hi+(Xt,}-

-Yl}j-i) AVi+iXui-x-Yu,) AV,+{Yi,)+i-Xui) AV)+i=m{),

or, in matrix form:

bi,i

Ctl,2 h,2

<H,N bi,N

AX,,i

AXui

AXuj

AX{,n-i

AX,,N

+

ct,i du\

Ci,2 dl,2

Ci,N

AYhl

AY(,2

AYi,}

AY'i.y-i

AY,,N



MULTICOMPONENT SEPARATION CALCULATION 69

+ fhl ghl

«<>2 ft>2 gt>2

"■UN

fu) gUl

fuN-1 ghN-1

fuN

AVt muz

AV} = mut

AVN-i m-N-\

AVn m,N

(7)

After eliminating the AL terms from eqs (6), the linearized energy balances

are as follows:

dT,.i I dT,

dT}\

AT,+Vmd-^ATHl+

dT}+i

+(A,-A,_0 AV1+(fh-i-H))AV}+(H)+1-h})AV]+ =«,

or, in matrix form:

qi n

qz qz rz

p) qj rj

Pn-j qN-i rti-i

Pn qx

Pi + ii ti

$2 52 tz

fyv-i SN-l tf/-l

ATX

AT2

AT^

A^.i

ATn

mmm

p.
—

+

A7i

AF2

AV,

AVN.!

AVN

U2

UN-X

UN

(8)

The strict application of eqs (7) and (8) is to an absorber-type problem;

for a distillation problem, the condenser and reboiledr loads must be solved for,

in place of AV\ and AVz, as discussed by Ishii and Otto1.

Linearized S-equations for the vapour phase are represented as :

ATCP

^Tay(,>= - Sh. (9)



70 PAUNOVIC, JANKOVIC «nd SKRBlC

Linearized /'-equations are as follows

dXuj

\AXi,)- AY,,,+

(1—%,) AKw+,+^w-i^! A77=-P„,

dT,

or, in matrix form:

•hi

•w

et,N-i

euN

AXM

AXM

AXi)}

AX{,y

+

Uti ru>i

h,2

m,2

1(>N-1

hi,}

hi,N-i

aym

ayuz

AYisi

AY,N-i

AYt,N

+

— ~ —

ATi Phi

AT2 Pl>2

AT) = Pi,i

PUN-1

ATN PtoN

(10)

METHOD OF SOLUTION

First of all, the initial values for the F/s and Tfs are selected. By using the

M-equations (1) one then obtains the initial estimates for the L/s. By substitution

of unit th,/s and ideal Ki,j 's into eqs (5) and the subsequent introduction of eqs

(5) into eqs (2), a tridiagonal system is obtained, which may be solved for Xt,j's

with the Thomas algorithm3.
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The recommended procedure for solving eqs (7), (8), (9) and (10) is as follows:

1. The matrices premultiplying the vectors AXj's in eq. (10) are converted to

unit matrices

IAX, + RjAYi + StAT = Gf. (11)

2. The vectors AX{ are introduced into eqs (7) from eqs (11) to obtain:

(U, - H,R,) AYi + Q<AV - H<S<AT = Fi - H,G«. (12)

3. The matrices premultiplying the vectors AY< in eqs (12) are converted to unit

matrices by premultiplying the equations with matrices (U< — H<R<)_1

IAY, + B<AV - C4AT = D,. (13)

4. Equations (13) are summed over i — 1 -> NCP

I2AY< + BAV - CAT= D (14)

5. The vector 2AYj is eliminated from eq. (14) by substituting eq. (9)

BAV - CAT= D + S. (15)

6. The matrix premultiplying the vector AT in eq. (8) is converted to a unit matrix:

IAT+ AAV = E. (16)

7. Equations (15) and (16) are solved simultaneously for AT and AV, then

eqs (13) are solved for AY< and finally, eqs (11) are solved for AX(.

8. The new V'js, r<,/s and F<,/s values are calculated as:

= V* + ttiV, (17)

t,*+i = T* + «A7) (18)

Xl)x = Xtj + rAJfw (19)

Y$j' = y*/ + t*Yt,i (20)

The Li's are calculated to satisfy eq. (1) with Sj=0. The value for t in eqs

(17) — (20) is chosen so that the condition CRIT^1 < CRIT* is satisfied,

where CRIT is defined as

N NCP NCP

i-l i-i i-i

NCP

+ I yP«» ) INCP+ I ^ Y] . (21)
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9. The new stage variables are used to obtain coefficients for eqs (7), (8)

and (10) for the next iteration. Calculations are completed when a conver

gence criterion such as the following is satisfied:

CRIT/N < e (22)

TEST OF THE PROGRAM

The main characteristics of the computer FORTRAN program using the

proposed procedure are as follows:

— both distillation and absorption problems are processed;

— the rigorous thermodynamic properties package based on the Redlich-Kwong-

-Soave2 equation of state is incorporated;

— the modifications of the Ishii-Otto scheme, proposed by Shah and Bisnnoi2

are included;

— the columns having equilibrium stages (rn,j=l) could also be handled.

The program was tested for a variety of distillation column, absorber and

reboiled absorber problems4-6. The tests proved that, in view of the required

number of iterations, the proposed procedure has the same convergence characte

ristics as the Ishii-Otto convergence scheme. Moreover, under the same speci

fications, the two methods have s-milar requirements for computational time.The

capability of the program to simulate an industrial distillation column is demon

strated by the following example. The column is a debutanizer operating in a

natural gas processing plant of the Naftagas Company in Vojvodina. It consists

TABLE I. Comparison of computational results to plant data for debutanizer

Composition (kmol)

Computational Plant

Top product

results data

C3 0.49 0.49

>cu 18.77 18.87

«C4 15.30 15.36

Bottom product

id 0.08 0.02

nd 0.91 0.97

iCs 8.34 8.35

nCs 13.45 13.45

of 37 real stages and operates at a pressure of 689 kPa with a reflux ratio of 1 .9527.

Feed at 345.15 K is supplied to stage 22. The total condenser is approximated

to a partial one by specifying the top product to contain 0. 1 % of vapour. For the

calculation of the Murphree stage efficiencies, the empirical model of Drickamer

and Bradford7 was used. The computational results for the compositions, obtained

with the present procedure are compared to the plant data8 in Table I. The com

parison indicates close agreement between the simulated results and the plant

performance.
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CONCLUSIONS

The proposed procedure is successful for a wide range of problems including

distillation columns, absorbers and reboiled absorbers. Namely, the good charac

teristics of the Ishii-Otto method are retained along with the included Murphree

tray efficiencies.
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Thanks are also due to Dr A. Tolic for his suggestions.

NOMENCLATURE

a,b,c — matrix elements

A — N x N matrix

B — N x matrix

C — function defined by eq. (2)

c — N x N matrix

CRIT — defined by eq. (21)

D —
_ column vector

d,e — matrix elements

E — function defined by eq. (3)

E — column vector

f,g,h — matrix elements

F — column vector

F — molar feed rate [kmol/h]

G — column vector

h — enthalpy of liquid [J/mol]

H — enthalpy of vapour [J/mol]

H — N x N matrix

I — unit matrix

k — iteration number

K — equilibrium ratio

I — matrix element

L — molar liquid flow rate [kmol/h]

m — column vector element

M — function defined by eq. (4)

n — matrix element

N — total number of stages

NCP — total number of components

P
— column vector element

— matrix elements

p — function defined by eq. (5)

p — pressure [kPa]

Q
— heat duty [kj/h]

Q
— column vector

R — N x N matrix

t,t

S

— matrix elements

— function defined by eqs. (4a) and (4b)

s — column vector

SL — molar flow rate of liquid side stream [kmol/h]

SV — molar flow rate of vapour side stream [kmol/h]

t matrix parameter

t — parameter in eqs. (17) — (20)

T — temperature [K]

AT — column vector

a — column vector element

U — N x N matrix

V - molar vapour flow rate [kmol/h]
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AV — column vector

X — composition of

SAX — column vector

AX — column vector

Y — composition of

SAY — column vector

AY — column vector

Z — composition of

liquid, mole fraction

vapour, mole fraction

feed, mole fraction

H 3 B o a.

MO.HH<I>HKOBAHA ISHII-OTTO METOflA 3A nPOPAHYH CEIIAPALmOHHX

KOJIOHA, KOJA yKJtyMyjE EOHKACHOCT IIO,HA

Hncuiuuiyui 3a ueuipoxeMujy , zac, natfwy u xeuujcKo unoicenepcuiio, Texnojwutxu 0aKyAuUtu,

yHueep3uuicui y Ho»om Cady, 21000 Hoeu Cad

y pajty je upaxtaam MOflndmKOBaHa Ishii-Otto ateroAa 3a npopawyH cenapauHOHitx

KoJioHa. 3a paaiHKy oa opHTHHaJiHor Ishii-Otto ajiropin-Ma MOAWpHKOBami nocrynaK oMoryhyje

ymbytHBaibe ecpHKacHocni noaoBa. OopMHpaHH KOMnjyTepcKH nporpaM oiworyhyje yKiByroBasie

necnuiainiOHnx Konoaa, ancopoepa h pe6ojjioBaHnx ancopoepa ca peumoi noaoBHMa h peajiHHM

TCpMOflKHaMHMKHM MO/ieJlOM MyjITHKOMnOHCHTHMX CMCUia.

(ripHMJbeHO 21. cerrreiw6pa 1981)
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OTIpHMJbeHo 9. cenTCM6pa 1981; pesnAHjMHO 14. aeneiwSpa 1981)

nopdjeacM eKcnepiuieHTajiHo yrBpl)eHe ssbhcsoctb neBnaHe amraKcajwi-

hhx cnojeBa InSb on BpeMeHa pacra h oflroBapajyhe TeopujcKe 3aBHCHocTH, cupefjeH

je Koe^mmjem AH(py3Mje aimiMOHa y pacrony hushjyMa 3a abc noMerae TCMnepaType

pacra, 724 h 674,5 K. 3a TeMnepaTypy 724 K KoeipHUHjeHST AinpysHje aamMOHa

Hi«a BpcaHocT 3,3 • IO-5, a 3a 674,5 K, 3,0 ■ 10-« cm»/s.

Ilo3HaTO je ;ia HajBehn 6poj SHnojiapmix nojrynpoBOflHHMKHX HanpaBa 3ax-

TeBa nper(H3HO aecpHHHcaHe, KaKO reoMerpHjcKe, TaKO h CBe apyre napaiweTpe

Kao iirro cy: yHH(popMHocr h Mopcpojioraja eMHTepcKe h 6a3He oojiacra p—n

cnoja, Bpcry h npotpmi pacnoaejie npHMece, htjj. JeflHa 0/1 hobh)hx Meroaa (pop-

MHpaiba p—n xomo h xerepocnojeBa je T3B. Merofl TeMHe enHTaKcnje, kojh je

noce6HO Hauiao umpoKy npHMeny npw H3paflH oirroejieKTpoHCKHX KOMnoHCHTH

Kao uiTO cy nojrynpoBOflHHMKH jiacepH, (pOTO,neTeKTopH, htm.

Ba»caH napasieTap, Kora je npn pacry eratTaKCHjajiHHx cnojeBa HeonxojiHO

no3HaBani je K>eroBa aeoJBHHa, ojthocho 6p3HHa pacra y cpyHKmijH no^erae TeMne-

psnype pacra, creneHa noTXJiar)eHOCTH pacreopa y TpeHyrKy OTnoiHH>aH>a pacra,

6p3HHe xjiar)eH>a, ae6.n>HHe pacrBopa H3 Kora ce BpuiH Hapacran>e cnoja h BpeMeHa.

Koa HajBeher 6poja III — IV jeflHH>eH»a eKcnepHMemajiHO je KOHcraTOBaHO aa

je KoecpmjHjeHaT aeno3HirH0He etpHKacHOcra5, Kojn ce aecpHHHUie Kao ojthoc

eKcnepHMeHrajiHO oaper)eHe ae6jbHHe cnoja h ae6jbHHe cjioja Koja 6h ce flo6nna

Kafla 6h caB MaTepnjaji npecHhe&a Hacrao ycnea oaroBapajyher CHH>Ken>a Teiw-

nepaType 6ho aenoHOBaH, MHoro Man>H oa jeflHHmje. TaKO ce y HauiHM eKcnepn-

MeHTHMa 3a TeMnepaTypy no^eTKa pacra on 724 K BpeflHOCT KoecpHUHjeHTa ,ae-

no3HUHOHe e(pHKacHOCTH Hajia3KJia H3Mer)y 0,07 h 0,15.

Oniirre nprncBaheHO oSjaiiribeHje5.6'11, 3a OBaKO Mane eKcnepHMeirrajiHO ofl-

per)eHe BpeflHOcra KoecpHunjeHTa aen03HUH0He ecpHKacHocra, ce cacrojH y iHH>e-

hhuh aa je npou.ec Kojn o,oper)yje 6p3Hiry OBe xereporeHe KpHcrajiH3auHje flH<py3Hja

paciBopKa Kpo3 pacreop Ka Me^ynoBpuiHHH pacra, npn weMy je Byma cmia 3a

OBaj nponec KOHneHTpauHOHH rpaflnjeHT Kojn Hacraje ycnea ocHpoMameita pacreopa

y rpammHOM cnojy Ha Mer)ynoBpniHHH pacra.

OBaj pan, je nocBeheH 0flper)HBaH>y KoecpHUHjeHra flH(py3Hje aHTHMOHa y

pacTBopy HHAHjyMa h kojikko naM je no3HaTO, no cana OBaj no^aTaK Hnje o6jaBJi>eH

y jiHTepaTypn.
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EKCIIEPHMEHT

•■" Ha MOHOKpHorajiHoj noAJi03H InSb p-nma (AonaHT Ge, Konueirrpaniija Hocmiaua (5,18 —

— 6,68) • 1015 Hociuiaua cm-3 Ha 77 K), ca rycTHHOM AHCJioKainija nan>oM oa 2000 no cm2, npmeHo

je Hapacraibe MOHOKpHCTajiHor c.ioja InSb n " THna. OpujeHTamija noAJiore je 6nna (111), ACOJMiHa

oko 400 7)m, a noBpiiiHHa 1 cm2. JIonaHT y emrraKCHjajiHOM cjiojy je 6ho Te h n.erona kohuch-

Tpamija y pacrBopy hh y jeAHOM eKcnepiuvieHTy imje 6HJia Beha oa 5 . 1018 aToiwa cm-3, iirro je

uMano 3a pe3yjiTaT ;ia KOHueirrparnija )0HH3OBaHHX aohopckhx npHMeca y enHTaKCHjajiHOM

cnojy 6yae 1,2- 1018 Hocmiaua cm-3 l.

EKcnepHiweHTH cy H3Bor)eHH y xopn30HaTajiHoj Kjuwehoj jiahwui H3par)eHoj oa rparpiira

cneKTpocKoncKe HHCTohe. Ci<ima jiatjHue npHKa3aHa je Ha cn. 1.

Tpe6a yowrH Aa OBa KoHcrpvKuiija jiarjHue oiworyhaBa KOHTpony TeMneparype Gam

HcnoA pacTBopa H3 Kora ce npimi Hapacraibe cnoja, jep TepMonap y Kuapunoj o6jio3h cjijokh

h i<ao Boftima npH noMepan>y .labnuc. Ha .-ieiwipy nopeA noAJiore Ha Kojoj ce AenoHyje cnoj,

nocrojH h noAJiora InSb 3a :)acnhanan.e *mja je (pyHKiui ja Aa o6e36eAH paBHOTOKHy kohuch-

Tpainijy aHTHMOHa y pacTBopy HHAHjyivta 3a AaTy noieTHy TeiwnepaTypy pacra. nocTojaibe noAJiore

3a 3acnhen>e Tauobc npyx<a MoryhHocr Aa ce H3 hctot pacTBopa HSBpum Behii opoj Hapacraiba

enHTaKCHjajiHHX ciojena. PeAyKinroHa aTMoctbepa y cHcreMy je o6e36er)HBaHa npoTOKOM BOAOHHKa

iHja je Taw poce Ha H3Jia3y H3 CHCTeiwa 6mia — 64°C, urro oaronapa caap>i<ajy BOAeHe nape

oa oko 17 ppm.

\ZZ

 

OiHKa 2 Figure

XeMiijcKH o6ojeH n+— p cnoj Ha norrpci-

hom npeceKy y3opKa

n+— p junction on a cleaved face which

has been delineated by chemical etching.

OiHKa 1 Figure

CxeMaTCKH npHKa3 CHCTCMa 3a TeMHy enH-

TaKcnjy (1) JleftHp kojh hoch noAJiory

Ha Kojoj ce BpuiH Hapacrratbe emrraKCHjan-

Hor cnoja (2) h noAJiory 3a 3acnhanaiLc

pacTopa (3). JIeH.Hp ce cBojHiw Kpajeiw

oc.iaii.a Ha aho KBapuHe ucbii (4). (5)

XpoMen-ajryMeJi TepMonap y KBapnHoj 06-

Ji03n Koja cJiy>KH h Kao Hohima nocaMa

pacTBopa (6)

Schematic representation of a system for

liquid phase epitaxy (1). Slider which car

ries the substrate for growing the epitaxial

layer (2), and substrate for solution satura

tion (3). The end of the slider rests at

the bottom of the quartz tube (4). Chro-

mel-alumel thermocouple (5) in the quartz

envelope which serves as a guide for the

solution holder.

Flpe noneTKa npunpe.Me noAJiore Ha Kojoj he ce oABHjaTH Hapacraihe cJioja, ii3BpmeHa

je xe.MHjcKHM Harpn3aH>e.M jiAeHracpHKamija aH-niMOHOBe (111) paBHH2-3. y cbhm eKcnepHjweHTHMa

«mjn he peayjiTani 6hth np«Ka3aHH, pacr CJioja ce OABHjao Ha Sb (111) paBHH.

EKcnepHMeHTaJiHa npoueAypa pacra CJioja ce yKpaTKO cacrojajia y cjieAehe/n:

MoHOKpHCTajiHa noAnora, npeTXOAHO MexaHirwn HcnojiHpaHa ao BHCOKor cjaja, je He-

nocpeAHO npeA yoauHBaite y chckm HarpH3aHa y pacrBopy ca nojiHpajyhHM CBojcTBHiwa3,4,
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3aTHAi y HF h nocne flCTajbHor Hcnnpaifca AejomreoBaHOM boaom cyiueHa, y ooecnpameHoj aTMOC-

(pepH, a30T0M. ripe npmipeMe mwiore OApet)CHe KOJiiWHHe KOHcnrryeHaTa pacTBopa (In, Sb

h Te) cy Sane y6auHBaHe y Jia^nqy h nocne H3BpiueHe xoMoreHH3amije yoamreaHe cy Ha rope

oimcaHH Ha»mH npntnpe.MJi.eHe noAJiore 3a 3acHhaBaH>e k pacr cjioja. Kojihmhhc KOHcnrryeHaTa

pacTBopa (In, Sb) oApeljeHe cy TaKo Aa pacron 6yae y TepiwoflHHaMHMKoj paBHOTewn ca nofljioroM

Ha TeivuiepaTypH no^eTKa pacra cjioja. 36or iworyhnx HeTa^HOCTH y obom oapeljHBajfey HenocpeflHo

npeA pacr cjioja HBBpmeHO je HaKHaflHO 3acnhaBaibe pacTBopa HaA noAJioroM Koja je 3a to npeA-

BH^eHa, a na 3aAaToj TeivuieparypH pacra. riocjie saBpnieHor 3acHhaBaH>a, pacTBop ce aoboah

y KOHraKT ca noAJioroM 3a pacr Koja ce Hajia3H Ha HCToj Te/wnepaTypn nao h 3acwheH pacrBop

h OTnonnke ce ca xjia$eneM. 36or ocrBapeHe paBHOTe>KHe pacTBopjbHBOCTH aHTHMOHa y pacreopy

HHAHjyMa 3a AaTy TesuiepaTypy noierKa pacra, OBaj Hamm xjialjeifca ce Ha3HBa paBHOTe>KHHM

xJia^eH>eM.

JIe6jbHHe HapacJiHX enirraKcnjajiHHx cnojeBa cy MepeHe MeTaJiypuiKHM MHKpocKonoiw. ripe

0Ape^HBaH>a, nonpenroi npecex y3opKa ca cnoje.w je xeiHHjcKH 6ojeH y pacTBopy 3 HNO3 (65

tok.%): 2 HF (50 tok.%): 2 HAc (rjiau.) npn nemy je cacraB pacTBopa AaT y 3anpeMHHCKHM

OAHOCBMa. Ha cn. 2. je npHKa3aH xeMHjcKH o6ojeH nonpewni npeceK y3opKa H3 eKcnepHMeirra

3a Kojn je TeMnepaTypa nowrKa pacra 6HJia 724 K. Ca cjinKe ce bhah Aa je Me^ynoBpuiHHa n+— p

cnoja Bpjio paBHa.

TEOPHJA

IlpH H3Bor)eH»y TeopHjcKe 33bhchocth ae6^>HHe Hapacnor enHTaKCHjajraor

cnoja oa BpeMeHa pacra yo6OTajeHO je Aa ce nojia3H oa cjieAehnx npeTnocraBKH5.10.

y CHCTeMy OBaKBe reoMcrpHje rAe ce noAJiora Hajia3H y xopH30HTajTHOM no-

jionojy h ncnoA pacTBopa, npnpoAHa KOHBeKiiHja je Bpjio cna6a6, a AOMHHaHTaH

HaqnH TpaHcnopTa aHTHMOHa Ka Mer)ynoBpuiHHH pacra je AH(})y3Hja. Mer)yno-

BpuiHHa noAJiore h pacTBopa je paBHa, a pacrBop ce MOH<e ciwaTpa™ H30TepMCKHM.

3aAHiOM ycBojeHOM npernocraBKOM ce HCK.a3yje HHH>eHHna Aa je TepMHMKa AH<py_

3HBH0CT 3a hckojihko peAOBa BCUHMMHe Beha oa KoecpHAHjeHTa caMOAHCpy3Hje

KOHcraTyeHaTa pacrBopa.

CjieAehw ycjiOB, «raje cmo eraaKTHO ocTBapeite o6e36eAHJTH caMOM nocraBKOM

eKcnepHMeHTa, je nocrojaifce TepMOAHHaMHMKe paBHOTe>Ke H3Merjy pacrBopa h noA-

jiore y MOMeirry OTnounH>aH>a xjiar)eH>a.

C o63HpoM Aa y MOAieHTy oTnoHHH>aH>a xJiar)eH>a nocTojn paBHOTe>Ka pacr

Bopa h noAnore, Be3a aTOMcnor yAena aHTHMOHa y pacrBopy (y) h TeivmepaType

nHKBHAyca ce H3pa>KaBa jeAHa^HHOM Vieland-a7.

T^ bSfTm+ 2a(0,5-y)*

AS/+ 2b (0,5 -y)*+R In [Ay ( 1 -y) ]

y OBoj jeAHaiHHH 3a paBHOTeHory JiHKBHAyc JiHHHjy In—Sb CHCTeiwa, ynoTpeojBemi

chmSojih HMajy cneAehe 3HaweH.e: AS/ =60 J/mol K, nponieHa eHxponaje Torubeifea

InSb8, Tm=79& K, TeMnepaTypa Tombeita InSb8. Koe(J)HirHjeHTH a = 14235J/mol

h b= 50,24 J/mol K 9 cy noBe3aHH ca napaMeTpoM Mer)yAejcrBa a y Te^moj

$a3H: a.=a—bT. R je yHHBep3ajma racHa KOHcraHTa.

y AaJBeM npopaiyny cmo CMaTpajra Aa AOAaTan AonaHTa, Te, He ynme

Ha paBHOTe>KHy pacTBopjbHBOcr aHTHMOHa y HHAHjyMy c o63hdom Ha H>eroBy

Marry KOHneHTpanHjy y pacrBopy. .. .

KoHneHTpannja aHTHMOHa Ha crio6oAHoj noBpuiHHH pacrBopa ce He Meita

ca BpeMeHOM y nepnoAy pacra erraTaKCHjajiHor aioja, Tj. yBejin cmo npeTnocraBKy

Aa je pacrBop nojrySecKOHayaH. OBaj ycnoB je eKBHBajieHTaH ycnoBy Aa BpeMe
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pacra cnoja (f) 6yae mhoto MaH>e oa aH<py3HOHor BpeiweHa t, rae je t=co2/D, &>

je ae&JbHHa pacrBopa H3 Kora aioj pacre, a D je KoetpHUHjeHaT aH(j)y3Hje aHTH

MOHa y pacrBopy.

TaKotje je npeTnocraBJbeHO aa cy KoecpHiuijeHaT ancpy3Hje aHTHMOHa h Haru6

KpHBe jiHKBHnyca npH6jm>KHO KOHcraHTHH y 3aaaTOM TeMnepaTypHOM HHTepBajiy

XJia^eiba. OBe ase npeTnocraBKe HMajy cBoje onpaBaaite c o63Hpoiw Ha ^obojbho

Majiy BejiHMHHy TejwnepaTypHHX HHTepBajia ca KojHMa ce cpeheMO y npouecy

TeMHe emrraKCHje.

H3 CBera peieHor cneaH aa ce TpaHcnopn- aHTHMOHa na noano3H oaBHja

aH4>y3HjoM ca MecTa rae je aenma KOHueHTpaiHija KOHcraHTHa y BpeMeHy h aaTa

ca C(t, oo)=C0, Ka Met)ynoBpumHH pacra rae je H>eroBa KOHueHTpauHja y BpeiweHy

aaTa Kao C(0,r), h 3aBHCH oa npHMen>eHe TexHHKe pacra. y cjiyyajy paBHOTe>KHor

xjial)eH>a C(0,f)=Co— Vt\m, rae je V — 6p3HHa ?uial)eH>a, a m HarH6 JiHHHje

miKBHayca oapeljeH H3 Vieland-OBe jeaHamme:

dT 4AS> (0, 5 -y) ( Tm b - a) + Aa R (0, 5-y) In [Ay ( 1 ->>) ]

m— — - -f-

dy {A5>+26(0,5-j;)2-Rln[4y(l-^)]}2

^Z.2^ [AS, Tm+ 2a (0,5 ->»)«]

+ yQ-y) (i)

{AS/+ lb (0,5+^)2- In [Ay ( 1 ->>) ] }*

Kaaa enHTaKCHjajiHH aioj pacre H3 pacrBopa yKyima KOJumHHa aHTHMOHa10,

Koja ce TajHMKH Ha noaJiosu jeaHHH<me noBpuiHHe y BeMeHy t je aaTa Kao Aft,

npH HOiy je:

Ae6jbHHa Hapacnor ernrraKCHjajmor cnoja je oapet)eHa Kao: d0=MtlC„ rae je:

C, — KOHueirrpaipija aHTHMOHa y HapaoioM cnojy H3pa>KeHa y a-roMCKHM yaejiHMa.

Iloa npernocraBKOM aa je jeaHH>eH>e crexHOMerpHjcKO, C«=0,5.

6h ce Af< H3pa»ryHajio noTpe6HO je oapeaHTH BpesieHCKy 3aBncHOcr

KOHueirrpauHje aHTHMOHa y pacrony Ha pacrojaH>y x oa noaJiore Kojy cmo 03HamuiH

ca C(x,i). OBa KOHijeHTpauHja ce oape^yje pewaBaH>eM apyror Fick-OBor 3a-

kohb 3a jeaHoaHMeH3HOHajray and)y3Hjy h ca yBeaeHOM npeTnocraBKOM aa je

Koe(J)HUHjeHaT an4>y3Hje KOHcraHTHa BCTHMiraa :

D™ = *9 (3)

dx* dt

Kao uito je Beh peweHO, rpamrcHH h noHeraH ycjiOBH 3a npHMeiteHy TexHHKy

pasHOTOKHor xnaijeaa cy:

C(*,0)=Co; C(0,0=C0--t; dC(*'°

m dt

=0. (4)

|*-»0O
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PemeH>e jeflH. (3) y3 3aaaTe ycriOBe (4) HMa aieflehH o6jihKu:

C0-C(*,t)= — t (( 1+ — \erfc — — exp(- — \\

M \\ 2DtJ 2y/Dt \ 4Dt)\

(5)

y JDrrepaTypH ce perno rpacpKMKH npeflcraBJba 33bhchoct C(x,t) o,n x mhjh

je aHajiHTH^KH H3pa3 aaT jeflHa^HHOM (5). Haj«reuihe ce pa3jnu<a CTBaptie koh-

ueHTpauHje aHTHMOHa y pacrBopy Ha pacrojaH>y x on no;yiore y BpoieHy t, h

I AIM
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CrucKa 3 Figure

KoHueHTpaipioHH irpodmji aHTHMOHa y

pacTBopy H3 Kora mctoaom paBHOTOKHor

xiou)e&a pacre emrraKCHjajiHH cnoj, H3pa-

>kch npeno o/rroBapajyher noxxnatyc&a

The antimony concentration gradient in

the solution from which the epitaxial layer

is growing, expressed by the correspond

ing undercooling.

KOHueHTpauHjy Koja oflroBapa paBHOTe>KHoj pacTBopjBHBOCTH 3a flOTy TeMiiepa-

Typy CO)) H3pajKaBa oaroBapajyhHM noTxjiar)eH>eM pacTBopa. Ha oi. 3. rpacpHMKH

je npm<a3aHa OBa 3aBHCHOCT norxjiaheita y pacrBopy (AT) Ofl yflajbeHOcra on

 

Cjihks 4 Figure

JlHKBHflyc JiHHHja cHCTCMa In— Sb (ysm<

<0,5) y TCMnepaTypHOM HHTepBaJiy (724,

715) K.

Liquidus line of the In-Sb (yst <0.5)

system in the temperature interval (724,

715) K.

ten
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CjiHKa 5 Figure

JlHKBHflyc JiHHHja cHcrou In— Sb (yst<

<0,5) y TCMnepaTypHOM mrrepBaJiy (674,

664) K.

Liquidus line of the In-Sb (ys»<0.5)

system in the temperature interval (673,

663) K.
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Meroflo.M Hajiwaifanx KBa^paTa, OApefjeroi cy Hara6H npaBHX d0 = kt312 n H3

BpejHOCTH k, y3 no3HaBaH>e 6p3ime xjial}eH>a V n HarnGa juunije JiHKBHAyca,

paiyHaTor hjih H3 jegH. (1) hjih ca AujarpaAia Ha cji. 4 h 5, (»»)> OApel)CHe cy oa-

rouapajyhe BpeAHocrn KoecpnuHjeHTa AHcpy3Hje D.

TaKO je, 3a TewnepaTypy 724 K Gpoima xjial)eH>a Gujia 0,2 K/min, a HaraS

jiHHHje .THKBHflyca, Kao iiito ce Moace bhacth ca cji. 4, m = 5,6 • 102 K/at.ud.

KoecpHroijeHaT /e=0,238 [i.m/min3/2, uito y3 mm>eHHuy Aa je:

Aaje 3a KoecpHUHjeHaT AHCpysuje aHTHAiona y pacrBopy HHfliijyMa Ha TeiwnepaTypn

noqema pacra oa 724 K BpeAiiocr D=3,3 • 10-5 cm2/s.

CacBHM aHanorHO, OApefyeHa jc BpeAHOCT osor KoecpHunjeHTa h 3a notiercry

TeMnepaTypy 03 674,5 K h h3hocii D = 3,0 ■ 10-5 cm2/s. OAronapajyha 6p3iiHa

xjiafjeiBa V je 6njia 0,24 K/min, Hara6 jnnfflje jiHKBHAyca (cji. 5) w = 5,6 • 102

K/at.ud. h KoetpHUHjeHaT HaraGa, ca cji. 7, & = 0,2256 [j.m/min3'2.

y 06a cjiyiaja ae6ji>iiHa pacrona, to, je 6mia 8 mm.

HjwajyhH y BHAy ochobhc iipernocraBKe noA KojiiMa jc H:)BeAena TeopiijcKa

3ani:aiocT A^Ta jeAHaiHHOM (6), excncpH.MeHTH cy yuen Bpuienii Taito p,a oeii

ycjiOBH oyAy uito npn6jui>KHHje HCiry:beHH. Tano je Bpeine pacra Ghjio yeeic

Aobo.Tjho jviano y OAHOcy Ha AH(py3HOHO BpeAie airm/wona y pacrBopy uito onpaB-

AaBa npernocTaBKy o nojiyGecKOHaiiHOM pacrBopy. HcuyibenocT oiior yc;iOBa ce

Haj5oji>e MOH<e carjieAaTii ca cji. 3.

HaAajbe, npHiweHJbHBOCT jeAHOAHMensHOHajiHor TpeTMana o6ea6eI)HBaHa je

Ha Taj HamiH, uito je 3a nopet)eH>e ca TeopujcKOM, y3HMaHa BpeAiiocr AeGjMme

Hapacjior cjioja aoboji>ho yAaJteHa oa rpamme pacTa aioja, Mmvie cy iiaGeraEaiiH

hbhmhh etpeKra h Heperyjiapua KpHCTajin3auuja.

OnpaBAaHOCT yBeAeHe npeTnocraBKe, Aa KoecpHUnjeHaT Aiicpy3Hje aHTiimoiia

y MajiOM TeMnepaTypHOM HHTepBajry (peAa 10 K) He 3aBHCH oa TeMnepaType,

HajGojte ce AOKa3yje THMe uito ce AO^HjeirH KoecpHunjeHTii AU(py3uje 3a Aue

noMerae TeiwnepaType pacra (724 K h 674,5 K) pa3jim<yjy cawo sa oko 10%.

Ha OBaj Ha^HH, noKa3aHO je Aa je uejioKyima MeTOAOJioraja oAperjiiBaita

KoetpHUHjeHTa jxa$>y3u]e aHrawoHa y pacrBopy HHAHjyMa, cnpoBeAena y obom

paAy KopeKTHa.

AyropH KopncTe npHJiHKy fla ce aaxBane capa^iiniiHMa OOYP-a Ofle.tcfba 3a MHKpo-

eneKTpoHCKy TexHOJiorajy 3a CBecrpaHy noiwoh y Tony H3pape OBora pafla.

 

OAHOCHO,

 

*
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SUMMARY

DETERMINATION OF THE DIFFUSION COEFFICIENT OF ANTIMONY

IN INDIUM SOLUTIONS

V. B. JOVIC, Z. G. DURlC and L. F. NOVAKOVIC

Institute of Chemistry, Technology and Metallurgy, NjegoSeva 12, YU-11000 Belgrade

Experimental data of the dependence of the thickness of the epitaxial layer on the growth

time were compared to theoretical ones. The diffusion coefficient of antimony in irdium solutions

was determined at two initial growth temperatures, 724 K and 674.5 K. The respective values

obtained are 3.3 x 10~5 cm2/s and 3.0 x 10-5 cm2's

(Received 9 September 1981)
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OXIDATION OF ETHYLENE GLYCOL ON PLATINUM MODIFIED BY FOREIGN

METAL AD-ATOMS
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Abstract. Pronounced catalytic effects of the

thallium and bismuth ad-atoms were observed

in the oxidation of ethylene glycol on platinum

in alkaline solutions. The beginning of the oxi

dation is shifted by ~ 200 mV to more negative

potentials and a ten-fold increase of the current

at the peak is obtained. The oxidation of ethy

lene glycol involves a formation of the inter

mediate which requires six surface sites for its

adsorption. The ad-atoms of thallium and bis

muth probablysuppress adsorption ofthat inter

mediatewhich is the origin ofthe catalytic effect.

*

The oxidation of small organic molecules,

such as HCOOH, CH20 and CH3OH is stri

kingly catalysed by foreign metal ad-atoms

[see a recent review by Adzic1 and references

therein]. Ethylene glycol (EG), is a potential

fuel of practical interest whose oxidation has not

been studied in detail. It shows a certain reac

tivity in the oxidation on platinum in acid, but

higher in alkaline solutions. Further catalysing

of this reaction in alkaline electrolytes is both

of practical and academic interests.

The oxidation of small organic molecules is

characterized by formation of strongly bound

intermediates, which are difficult to oxidize.

They, thus, block the electrode surface for

further oxidation of organics. It is quite likely

that the oxidation of EG exhibits a similar

behaviour. Foreign metal ad-atoms eliminate

a formation of such intermediates1. It appears

interesting to see whether foreign metal ad-

-atoms catalyse this interesting reaction. Gottes-

feld el al.2 have shown that the lead ad-atoms

cause catalytic effect on the oxidation of this

molecule on platinum in alkaline solution. In

this work we report a pronounced catalytic effect

of Bi and Tl ad-atoms on the oxidation of EG

on platinum in 1 M KOH.

All experiments were performed in 1M KOH

prepared from triply distilled water and Merck's

KOH. The preparation was done in a N2-filled

glove box in order to decrease the contamina

tion by COa. A working electrode was a plati

num cylinder mounted in a shrinkable Teflon

tubing . It was prepared using standard metallur

gical trc .tments and cleaned in the usual way.

Platinum also served as a counter electrode. All

potentials are given vs. the Hg/HgO reference

electrode. Cations were added to solution as

oxides dissolved in NaOH.

 

E/V

Fin. I. Oxidation of EG (0.6 M) on platinum in

1M KOH. Sweep rate 100 rnVs-1.

Fig. 1 shows the oxidation of EG on plati

num in 1M KOH. The main peak in anodic

scan appears at —0.1 V with the shoulder at

-0.2 V. It coincides with the beginning of

oxide formation on Pt. At more positive poten

tials the current gradually decreases as the oxide

coverage increases. In cathodic scan a single

peak appears. Due to irreversible oxide reduc

tion it appears at smaller overpotentials which

83
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explains its smaller height in comparison with

the peak in anodic scan. When a cathodic

potential limit is progressively decreased, a de

crease in the current in subsequent anodic

sweep is seen. This is surprising since some

other organic molecules, under similar condi

tions, show the opposite behaviour. The latter

has been explained by formation of a strongly

bound intermediate in the interaction with

hydrogen adsorbed in that potential region1,3.

These data clearly show that this reaction does

not take place in the oxidation of EG on pla

tinum in KOH. The reasons for a decrease

of the peak with making cathodic potential limit

more positive are not clear at present. They

may be connected with the kinetics of adsorp

tion of EG.

 

Fig. 2. Oxidation of EG or Pt ( ) and
Pt ( ) with the Tl ad-atoms. 5 x 10-" M T1+.

and 0.6 M EG in 1M KOH. Swep rate 100 rnVs"'

ad-atoms. In the scan in cathodic direction the

current is similarly enhanced. It is noteworthy

that the curves of both scans almost retrace

below the peak potential of cathodic scan.

Bagotskii et a/.4 have suggested that the first

step in the oxidation of EG on Pt is

HOCH2CH2OH-KHO-C-C-OHV,+

X XX XX

+ 4Had. (1)

4Had.->4H+ + 4e

I—i 1 1 1 1 1 ri

 

Fig. 3. Oxidation of EG on Pl( ) and Pt
( ) with the Bi ad-atoms. 5 x I0_" M Bin+ and

0.6 M EG in 1M KOH. Sweep rate 100 mVs-J.

The adsorbed intermediate from reaction 1 is

probably oxidized to oxalate by a very reactive

PtOH species at the beginning of oxide forma

tion on Pt. In other potential regions it probably

blocks the surface for further ox'dation of EG.

A total oxidation of EG to oxalate involves

exchange of 8 electrons per molecule5,

The thallium and bismuth ad-atoms cause

striking catalytic effects (Figs 2 and 3). The

beginning of reaction is shifted by 200 mV

and 150 mV in the cases of Tlad and Biad

respectively. The current at the peak is en

hanced by approximately 10 times in the pre

sence of Tl ad-atoms. Another interesting fea

ture of the oxidation of EG on Pt with ad-atoms

ofTl and Bi is an abrupt decrease of the current,

far in the oxide region, at the sam: potential

where the current falls to z;ro on clean Pt. A

single p;ik is obtained in the presence of

(CH2OH)2+20H-->(C02)22-+ 8H,d

8H„i+80H--»8H20+ 8e

The reaction in fact takes place stepwise which

is indicated by the detection of glycol alde

hyde, glycolate, glyoxal and glyoxalate in the

electrolyte5. In the presence of ad-atoms pro

bably less intermediates is formed. To explain

their catalytic action requires further work.They

probably decrease the adsorption of the above

intermsdiate, which requires six platinum sites,

but also provide active species to oxidize it to
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oxalate. This reaction should exhibit a pro

nounced structural sensitivity* and its investiga

tion on single crystal surfaces is warranted.The

modifications ofcatalytic properties of platinum

oxide can also be inferred from Figs 2 and 3.

They are probably caused by the interaction

of platinum oxide with thallium and bismuth

ions.

H 3 B o a

OKCtWAUHJA ETHJIEHTJIHKOJIA HA IIJIATHHH MOJIHOHKOBAHOj

CTPAHHM METAJ1HHM AflATOMHMA

PAflOCJIAB P. AITITfi h MAPHHA C. JIEBATA

Mitctuuiuyui 3a e/teKtupoxeMujy, HXTM,uIJeHuiap 3a MyAiuuducuuujxunapHe cmyduje yuu»ep3uuiewa

y Eeozpaby, n. np. 815, 11001 Eeoipad

3ana>Keira cy H3pa3HTH KaTajiHTmncH ecpeKTH

TaJipjyMOBHx h 6H3MyroBnx a^aTOMa npH okch-

AamijH eTHJieHrjiHKojra Ha ruiaTHHH y aJiKajiHHM

pacTBopHMa. IloMeTaK OKCHAaiwje je noiwepeH

3a oko 200 mV Ka HeraTHBHHjiiM noTeHiwja-

juiMa a crpyja y MaKCHiwyivry je yAeceTocrpy-

iteHa. OKCH/iauHja eTiuieHTJiHKOJia aoboah AO

rpahejfea HHTepMeAnjepa kojh 3axTeBa mecr

noBpiiniHCKHX uenrapa 3a aAcopmmjy. AAa-

tomh Tl h Bi BepoBarao cy36Hjajy aAcopmnijy

OBor HHTep.MeAHjepa, uito je h y3poK KaTa-

jiHTHWKor etpeKia.

(flpHMJbeHO 28. Aeueiw6pa 1981)
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ynyTCTBA aytophma

r.lACHHK XEMHJCKOr flPYUITBA EEOrPAA

o6jaBJi>yje opuzuname Hayvte pagoee, 6ene\uKe, upeiuxogna caouiuiuena, nuiuepa.-

mypcKe upeiAege h petieH3uje xtbuia.

OpuiuHaAHu Haynmi pagoeu caflpjKe pe3yjrraTe opiirHHajimix HCrpa>KiiBatt,a kojh HHcy

o6jaBjbeHK. PaflOBH ce majty Ha peu.eH3Hjy a npHXBaTaae pa.ua o6aBe3yje ayTope fla Here pe-

ayjiTaTe Hehe o6jaBimi Ha flpyroM iwecry . 06hm pafla He 6h Tpe6ano fla nper)e 3000 pein (y npo-

ccKy 10 crpamiqa KyuaHHX flBOcrpyKHM npopeflOM).

Ee.ieutKe ca«p>Ke pe3yjrraTe Kpahnx, ajiii flOBpiueinix iiCTpaHCHBaa>a hjih npiu<a3yjy

concTBeHa opurHHaima HCKycrea H3 Jia6opaTopHjcKe npaKce (MeroflHKe, anapaType h cji.). 06hm

fSe.ieiuKe He Tpe6a fla npel)e 500 pe*m.

npeuixogua caoumtuena ipe6a fla cajopaKe opHrHHaime my^oe HHtpopiviaHJije hbju KapaK-

Tep 3axreBa 6pao oojaBJBH Baite h He Tpe6a fla 6y/ry fly>Ka ofl 1000 pew.

JItauepauiypcKU upeiAegu ce urraMnajy Ha Hame/fl je3HKy h Tpe6a fla o6aBecre luupu Kpyi

Humanaufi o HajHOBnjn.M flocTHrHyhHiwa xe/HHje h TexHOJioraje. 06hm tumHBKa je orpamweH

Ha 16 nrnuwnaHHx cTpamma, oah. oko 30 crpaiuma KyuaHor TeKCTa, yKJbyMHBiim onme h

TaSnHue.

Peu&wtje xnuia ofl nraper inrrepeca He 6h Tpe6ajio fla nper)y o6hm oa 300 pein.

Ouuaue HoAoumt

Pan MOJKe Shtii micaH Ha cpncKoxpBaTCKOM (xpBaTCKOcpncKoiw) hjih HeKOM oa cjieflehnx

CTpamix je3UKa: eHTJiecKOM, HeMa^KOM, pycKOM hjik (ppamiycKOM. Aymopuua ce upeuopynyje

ga uoguoce pagoee na dupanoii jemxy jep TaKO nocrajy npHCTynamni flajieKO Beheiw 6pojy 3anH-

TepecoBaHHX KOJiera.

Pafl Tpe6a fla je HanHcaH y uajKpdheu noiyhem oSmtKy a fla npn TOMe oapaHe jacaH. y

yBOAHOiw flejiy Tpe6a jjaTH caMO HajHy>KHnjH nperaeA paHHjHX ncTpa>KHBajfaa h o6jacnnTn cBpxy

pafla. Hapo<oiTy na>KH>y Tpe6a nocBeTHTH npeuu3H0M h jacHOM H3Houiea>y eKcnepwHeHrajiHHX

noflaTaKa, TaKO aa ce omicaHH eKcnepHMcHTH Mory 6e3 Tenmoha penpoflyKOBara. Ilo3HaTe

MeTO/jHKe h TexHHKe Tpe6a 03Hawrn hmchom h jmTepaTypcKHM iHrraTOM.

CBaKH pafl Tpe6a aa HMa flBa MBOfla: npBH Ha je3HKy Ha Kojew je inaHaK rracaH, a flpyra

Ha cpncKoxpBaTCKOM (xpBaTCKOcpncKOM) oah. Ha jesHOM ofl noMeHyTiix CTpairnx je3nKa.

PaAOBH kojh no TexHHWoj onpe-MH u HawHy uaiiaraita He oflTOBapajy cnury paflOBa

kojh ce o6jaBJi>yjy y rjiacHHKy, 6nhe Bpahemi ayropHMa Ha npepafly. Orora ce ayTopniwa CKpehe

na>KH>a fla ce irpn nncaity paflOBa npaflp>KaBajy cjiefleher yrryrcTBa:

OupeMa pyKouuca

PyKonnc Tpe6a flocraBHTH PeflaianijH y gea npHMepna, KyuaH MauiHHOM ca flBOcrpyKHM

npopeflOM. IIpH nyuaity He Tpe6a kophcthth noce upie yiwecro OKpyrjinx 3arpafla. PyKonac

Tpefia fla caflp>KH cbc cjihkc, flnjarpajwe h Ta6jiHue, Koje Tpe6a npH.nojKHTH Ha noce6HHM jihcto-

BRiwa Ha Kpajy pyKonnca, a y icKCTy 03HaiHTii h>hxoeo npn6jiKH<Ho MecTo. Peay^Tara ce Mory

npHKa3aTH umi cjihkom uau Ta6jnmoM. Hcib pe3yjrraT ce He mojkc npHKa3ara Ha o6a HavHHa.

He npmcBaTa ce penpofl>KOBaH>e cnHKa h Ta6jmua H3 npynix paflOBa (ceM y nperjieflHHM uiaH-

UHMa).

HapoiHTy na>KH>y Tpeoa nocBeTHTH HOMeHKJiaTypH h TepMHHOJioinjH, Koje Tpe6a fla

6yfly y cKnafly ca npenopyKaiHa HHTepHaqHOHaime yHHje 3a query h npHMe&eHy xeiwajy. Tpe6a

ce npHflpwcasaTH Metftuapognoi cuciueMa jegumtqa (SI), Kano je to HanoweHO y rrpHJiory cBe-

ckc 3—4 rjiacHHKa 3a 1974. roflHHy.



HacAoe paga, aKO je iiioko MoryhHO, He Tpe6a aa caAP«<n «»M6ojie h (popiwyjie h Tpe6a

na je iirro kohuh3HH)H. Cnenp HiweHa ayropa ca cpeflibHM cjiobom, na Ha3iiB HHCTinynHje. Y3

HB3HB rpana Tpe6a nam k nonrraHCKH 6poj. IIpBH mtog n.ojia3H npe TeKCTa, aok apyrH, koj'ij

TaKor)e Tpe5a na HMa npeBefleH TeKCT nacjicma, jxanasti Ha Kpajy Hcnpen. jiHTepaType.

MaTeMam^Ke o3Hai<e y TeKcry Tpe6a na cy urro jeflHocTaBHHje. Tpe6a Ha CBaKH Hamm

H36eraBaTH KOM6wHamije ca HHjjeKCHjwa HHneKca hjih eKcnoHeHTHMa eKcnoHenaTa. TaKotje Tpe6a

a
tokhth na ce paanoMim He ninny y flBa peaa, Beh y jeflHOM, Hnp. He — Beh a/6. TaKorje Tpe-

b

6a H36eraBaTH 03HaKe Tuna e* Beh nHcara exp x. JleuHMajiHH 3ape3 ynoTpe6n>aBaTH y TeKCTOBHiwa

Ha Hameiw, (ppamrycKOM, pycKOM h HeiwawoM je3HKy, flOK neuHMajmy utauKy kophcthth caiHo

y eHTJiecKHM TeKCTOBHiwa.

Upiuexu Tpe6a na 6>ny na>KJi>HBO H3pal)eHii TynieiH Ha 6ejioj xaprajii hjih naycy H TpeSa

fla6yAyoKO gea uyuia eehu oflKJiHuiea KojHhe ce H3paAHTH 3a nrraMiry. BeJiHMHHy cuoBaHmi-

cpapa ona6paTH TaKo na ocxaHy totjbhbh h nocjie yiwaiteHia. (Ilpenopyqyjy ce nia6jioHH 4 np

6 mm). <t>outoipa<jmje uipeSa u36eiaeaiuu, a yKOJiHKO cy HeonxonHe, iwopajy 6hth Ha 3aACBo-

JbaBajyheM TexHHwoM HHBoy 3a H3pany Kjounea. He npuxsaTa ce brqk ofl 6 CJiHKa hjih qpTOKa.

JIuiuepamypcKU uuuiauiu Tpe6a na 6yny npHJioweHH noce6HO h HyMepHcaHH pefloiw kojum

ce nojasjbyjy y TeKcry. (Y JunepaTypcKHM nperjieniiAia jviory ce noper)aiH h no aoeneAH ano to

ayrop ciwaTpa npaKTHWHiijHM). HyMepHca&e y TeKcry Tpe6a flam apancwiM inttppajvta guinyuiuM

jegau upopeg mnag pega. CKpaheHHiie 3a qaconnce Tpe6a y3HMaTH npeiwa Chemical Abstracts, 55,

lj—397j (1961). PajjoBH ce iriiTHpajy Ha cjienelm Ha*iHH: D. C. McKean, J. L. Duncan, L.

Batt, Spectrochim. Acta 29A, 1037 (1973). Kn>Hre ce inmipajy Ha cjienehn wmslh: J. S. Row-

linson, „Liquids and Liquid Mixtures", Butterworth Publ. Co., Ltd., London 1969, p. 53.

UmTipaae paflOBa kojh HHcy nocTyrmH mnpoj jaBHOCTH, Kao Hnp. HHTepHHX H3Beurraja, no

npaBHJiy ce He npnxBaTa.

3a panoBe nncaHe Ha Hauie.M je3HKy pycKy jiHTepaTypy Tpe6a HaBonHTH y H3bophom

o6jiHKy, aok 3a TeKCTOBe Ha neKOM on. 3anaflHHx je3HKa HaBoae Tpe6a TpaHCKpH6oBaTH (>k—zh;

x — kh; q — ts; q — ch; m — sh; ni — shch; w — y; io — yu; a — ya; a — e; ii — i; b —').

IloinTO ce y Maconacy Yinije xeMHjcKHX npynrraBa JyrocjiaBHje, Yugoslav Chemical

Papers, penpBHo nrraMnajy nponmpeHH h3boah cbhx panpBa kojh ce nojaBJbyjy y jyrocjioBeHCKHM

xeMHjcKHM ^aconHCi'Ma, yMOJtaBajy ce ayTopn na npHnpeMe noce6HO upmuupeuu useog CBor

pana Ha eHTJiecKOM je3HKy. 06hm OBor TeKcra je 1—2 KynaHe CTpaHHqe. OBaj H3BOfl MOH<e ca-

npHora a Kpafcy Ta6jmuy, 1—2 cjiHKe, Kao h HeonxonHe jiHTepaTypcKe iTKTaTe. Ta6nHue h

cjiHKe ne Tpe6a noHaBJtaTH (axo cy HflemiwHe ohbhu y rjiaBHOM TeKcry) Beh caMO 03HairaTii

i<oje cy OAa6paHe. OBfle Tpe6a npHKJbytmTH h cnucaK BamHiijHx nojMOBa KojH KapaKTepaniy

flonpHHOc pana, Hnp. KaTajra3a, eH3HMCKe peaKUHje, xe*iHH, hhaoji, xeMorjio6HH, oKCHflarnija

H CJIHUHO.

PaaH y6p3aH>a cJiaH>a omcaKa Ha Kopeicrypy, noTpe6Ho je Ha3HaMHiH Kojeiw ofl ayTopa

(aKo hx je BHine) h Ha Kojy anpecy KopeKTypHe OTHCKe Tpe6a ynyTHTH.
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A streptidine-like compound has been found among the biotransformation

products of streptomycin by the action of Penicillium notatum strain No. 101 and

characterized as strepturea.

Penicillium notatum, strain No. 101, isolated from the soil of the Adriatic

littoral zone, as reported previously1-2, may transform and as such utilize strep

tomycin as the sole source of carbon in submerged fermentation conditions. At

different intervals and at the end of cultivation of this strain — on media con

taining streptomycin — several products have been isolated, and some of them

already characterized, while the characterization of others is in progress.

This paper is devoted to the isolation and structure elucidiation of one among

these biotransformation products of streptomycin, not being characterized as yet.

The product was isolated from the fermentation broth by passing it through

a system of ion exchange columns, eluting with dilute acids and finally by passing

through Sephadex C-10. The pure substance obtained after repeated crystallization

from water/acetone as white crystals, melting at 290°, with decomposition (crystals

darkened at 265°). It was soluble in water, not is organic solvents. No optical

activity was observed. The substance lacked any antibiotic activity. Molecular

weight determination and elemental analysis gave the molecular formula C8H16N4O6.

Based on this, three conclusions were drawn: (a) streptomycin was degraded in

the above reaction, (b) the isolated product, having four nitrogen atoms, must

derive from the streptidine moiety of streptomycin, and (c) the guanidino groups

of streptidine are modified in the new product.

By inspecting IR spectroscopic data of the biotransformation product and

streptidine prepared in our laboratory3, the above mentioned was confirmed.

Taking into account all the available data, spectroscopic and analytical, it was

assumed that the isolated compound might be strepturea, a streptidine-like com

pound obtained by acid and alkaline hydrolysis of streptomycin4. In order to sup

port this assumption, an authentic specimen of strepturea was prepared by this

method4 and subjected to the analytical and spectroscopic investigation as well.

By comparison of the data obtained for both compounds we were able to ascribe

to the biotransformation product of streptomycin — the structure of streptuera:
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An additional proof that this compound must be strepturea was obtained

by synthesis of some derivatives of strepturea, such as streptamines4, hexaacetyl-

streptamine4 and N, N'-diacetylstreptamine4 starting from the biotransformation

product and by comparing their analytical and spectroscopic data to those of the

authentic strepturea specimen.

Based on the accumulated experimental evidence it may be stated that the

biotransformation of streptomycin by the action of Penicillium notation strain

No. 101 proceeds stepwise, ending with a complete fragmentation of the strep

tomycin molecule. The sequence of steps and structure of all products involved

will be subject of the next paper.

EXPERIMENTAL

Melting points are uncorrected. Infrared spectra were recorded on a Perkin-Elmer in

strument, Model 337 (in KBr pellets). NMR spectra were recorded on a Varian A-60 A instrument

in heavy water and 2,2-dimethyl-2-silapentane-5-sulphonate as internal standard (chemical shifts

are reported in ppm units). Molecular weight determinations were performed on a Knauer Dampf-

druck Osmometer. Thin-layer chromatography was water-methanol-butanol-/>-toluenesulphonic

acid (4:2:1 :1%)5 and n-propanol-acetic acid-pyridine-water (15:3:10:10)*. Detection was made

with potassium dichromate (5%) in sulphuric acid (40%), at 150°.

Penicillium notation No. 101 was cultivated on media containing KHsPO^ (0.05%), MgSOi

(0.01%) and streptomycin (1%). The cultivation was performed under aerobic conditions at

37°, 96 h.

The fermentation broth, after removal of the biomass, was passed through a Zerolite 225

(H+) column. Elution was made with hydrochloric acid ranging from 0. 1 to 1 mol/dm3. Eluates

containing the product were collected, passed through a Dowex 50 (H+) column and eluted with

0.075 mol/dm3 hydrochloric acid. The eluate was evaporated to a small volume and passed through

Sephadex C-10. By adding methanol to this solution, a white precipitate separated. Recrystal-

lization was made by dissolving it in hot water and adding methanol. On cooling white crystals

separated, melting at 295° (crystals darkened at 265°). Molecular weight determination gives a

value of 264.76.

Anal. Calcd. for CsHieNiOe: C, 36.36; H, 6.10; N, 21.20; Found: C, 35.8; H, 6.7; N,

21.69.

IR: 3420, 3280, 1650, 1380, 1450, 1115, 1090, 1060, 1010, 870, 680 cm-1;

m NMR: 3.52 (s) (H, C-2, C-4, C-5, C-6); No optical rotation.

Preparation of streptidine: According to method of Brink et al3.

Preparation of strepturea: According to the method of Peck et al*.

Preparation of streptamine, hexaacetylstreptamine and N, N-diacetylstreptamine: According

to the method of Peck et al*.

Aknoviledgements. The authors are grateful to the Serbian Research Fund for financial

upport. Thanks are also due to the Laboratories for Instrumental Analysis, Faculty of Science,

diversity of Belgrade, for their assistance.
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MHKPOEHOJIOIUKA TPAHCcDOPMAUHJA CTPEnTOMHUHHA. III. H30JIOBAH>E

H HflEHTHOHKAUHJA JEflHOr nPOH3BO.HA .HErPAflAHHJE CTPEnTO

MHUHHA

MHJIHUA MHJIOCABJlEBHTi, AHEKCAHOAP "BEJIHHEO, BEPHUA 'BEPMAHOBHT1 h
•BOPBE nETPOBH'B*

llHcmuutyiu ja xejuujy, utexuo/ioiujy u Meiua/typlujy, Eeoipad u *XejnujcKU Mncuiuiuy{u npupodho-

-MauieMauiuHKoi (fiaxyjiiueuia y Eeoipady

Jefffai npoJMBOfl aerpaaaiiiije crpenTOMHUHHa HaojicmaH je Mer)y npoii3BoanMa 6ho-

TpaHcipopMauHje crpenTOMHUHHa noA flejcTBOM coja Pencillium notatum Nt. 101 h hhachth-

4>HK0BaH Kao CTpenTypea.

(npHivubeHo 14. ,aeueM6pa 1981)
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HCIIHTHBAH>E KATAJIHTHHKOr nPOHECA flOBHJAH>A

AUETAJIJIEXHJIA H3 ETAHOJIA

HAflEaCHA H. JOBAHOBHTi, MHPOCJTAB B. CTAHKOBHTi, flYIIIAH M. JOBAHOBH-R

h CJIOEO.HAH M. JOBAHOB1TB*

HXTM-OOyp Odejbetbe sa Kamaiaisy, Ibexmuta 12, 1 1 000 Eeoepad u * TexHO/uxuHo-MeuiajtypuiKU

4>OKyMuem ywtsepiuuieuia y Eeoipady, n. np. 494, 11001 Beotpad

(TIpHMAeao 11. HOBeiw6pa 1981)

EncnepiiMeHTajiHo je HcmrraH yrmiaj BpeMeiia KoinaKTa h TeMnepaType Ha

06pa3OBaH>e aqrnuiflexKna npH npcBoi)CH>y cMcuie eraHOJia r Baaoyxa npexo ko-

MepimjajiHor cpe6poBor KarajnraaTopa. KBaHTHTaTHBHOM aaamaoM npoAyiarra

yTBpl)eHe cy peaKimje Koje ce cvprajajy npH ycnoBHMa H3Bol)eH>a npoueca y jia6o-

patopHjyMCKOM o6nMy.

AjjerajiflexHfl ce y HHzrycTpHjcKHiw pa3Mepajwa Haj^einhe floSnja npeBO-

t)eH>ei« CMcme eraHOJia h Ba3jryxa npeKo cpe6pa, Kao KaTajiH3aTopa, Ha noBmnemiM

TeMnepaTypaMa ou 700 go 900 K1.2. Ilpn obom nocryiiKy ai^erajijiexH/i MOH<e

y npHHonny aa HacraHe peaKUHjaivia OKCHaaunje hjih /jexHAporeHanHje eTaHOJia,

Koje cy no npaBmry npaheHe hckhm cnopeumiM peaKUHjaina. OGjaBJbeHH pe-

3yjiTaTH koj'h ce oznroce Ha npoyiaBaifce KHHeraKe h inexaHH3Ma oflBHjaita no-

jeoHHHx peaKinija y TOKy npoueca uo6HjaH>a aueTajmexHfla H3 eraHOJia, Ha cpe6py

Kao KaTajra3aTopy, cy Bpjio tiecro npoTHBypemni. TaKO cy Choudhuri h capau.3,

ycraHOBHJiH aa y Tony npoueca K0HBep3Hje eraHOJia Ha cpeSpy He flOJia3H ao

o6pa30BaK.a aneTannexHfla peaKUHjojw /jexHuporeHanHje, Beh HCKJbyqHBO okch-

uanHjoM eTaHOJia, npH iei«y ce ounrpaBajy h cnope^He peaKintje o6pa30BaH>a

CHpherae KHcejiHHe h yrjbeHAHOKCHfla. MeljyTHM, H3 pe3yjrraTa Hcrpa>KHBaH>a

IlnaHOBCKe h cap.4 npoHcnme jja cy o6e peaKUHje, h oKCHflaipija h aexHupo-

reHaunja eTaHOJia, o/jroBopHe 3a o6pa30BaH>e aueTajmexHfla h aa ce ou cnope^HHx

peaKnnja ouBHja yrjiaBHOM uexHflpaTanHja eraHOJia no eTHjieHa.

Ha ocHOBy TepMOflHHaMHMKHx pa3MaTpaH>a5 aoimio ce ao 3aKJi.ym<a ua y

TOKy npeBol)eH>a eTaHOJia h Ba3flyxa npeKO cpeSpa Kao KaTajrH3aTopa Ha noBH-

meHHM TeMnepaTypaMa wory ua ce o/nnpaBajy cjieaehe peaiomje:

C2H5OH -> CH3CHO + H2 (1)

C2H5OH + 0,5O2 -> CH3CHO + H20 (2)

C2H5OH + 302 -> 2COz + 3H20 (3)

CH3CHO + 0,5O2 -> CH3COOH (4)

CH3CHO -> CH4 + CO (5)

CH4 -> C + 2H2 (6)

C2H5OH -* CH2CH2 + H2O (7)
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IXhjb OBor pa.ua je fla ce CKcnepHMCHrajiHO HcniiTa yTHuaj BpeMeHa KOHTaKTa

h TeMnepaType Ha o6pa30BaH>e aneTajiaexHaa npH npeBO^eay CMeuie eraHOJia

h Ba3flyxa npeKO KOMepnHjajiHor cpeGpoBor KaTajiH3aTopa h KBaHTHTaraBHOM

aHajiH30M npOAyKfrra yTBpfle peaKirnje Koje ce oflBHjajy npH yoioBHMa HSBO^eaa

npoueca y jiaoopaTopHjcKOM o6HAiy.

EKCnEPHMEHTAJIHH flEO

Kao KaTamuaTop 3a oaa BCTpa>KHBa&a npoueca Ao6njaH>a aqenuiAeximi R3 ctsiiojui

KopimiheH je KOMepimjajiHH cpeCpoB KarajucMTop, nojn ce y HHjrycTpHjcKHM pa3MepaMa npH-

Meibyje y npouecii.wa napmijajrae oKcimamije ajDcoxojn y uwfaaiflfi. KaxamaHop npcucraBjba

MeTanHO cpe6po, Koje je HaHero Ha MaKponopo3HOM aMopcpHOM ajryMOCHJiKKaTHOM Hoca^y h

Bjwa cneitfKpHHHy noBpuiimy 0,7 m2/g. I1pHMeH>eHH KaTaiuoaTop je TepMHMKH CTa6njiaH h hc

saxTeBa noce6He nocrynKe aKTHBaimje.

HcnHTiiBaibe npoueca KaTajurnpiKe KonnepaHje eraHOJia ca Ba33,yxoM Ha cpeSpoBOM

KaTajiH3aTopy BpmeHO je y JiaGopaTopHjcKoj npoTO^Hoj anapaxypii ca HHTerpajiHHM peaKTopoM.

3a 3arpeBaH>e peaKTopa, y KojeM ce KaiuttHO HenoKpeTHH cnoj KaTajiiisaTopa, cny>KHJia je Tpo-

cerjweHTHa neh ca MoryhHoiuhy 3a He3aBHCH0 peryjiHca&e TeMnepaType y cbbkom cerMeirry,

uiTo je npy>KajTo MoryhHocr aa ce QfQMKaBi KoHcraHTHa leMneparypa Ay* cnoja KaranH3aTopa,

oahocho aa MirraB cnoj paAH y H30TepManHHM yciiOBHMa. Obom anapaTypoM Moryhe je Hcrm-

THBaTO npou.ec Ha TeMnepaTypaMa no 1 100 K.

3a jjo6njaibe yjia3H e peaKimoHe CMeuie KopnuiheH je ancojryTHH eTaHOJi h cyB Ba3Ayx,

npH Toiwe je y TOKy cbhx h cmrrHBau>a mojickh oahoc eraHOJia H KiiceoHHi<a 6ho KOHcraHTaH.

H3BpineHa je KsaHTHTaTHBHa aHajui3a tcmhhx h racoBHrax npoAyxaTa kojh ce o6pa3yjy

y obom npouecy . Caapwaj eraHo.ia o/ipefiifBaH je 6HxpoMaTHO.M MeTOAOM*, aueTajiAexHAa cyji-

(pHTHOM MeToaoM7 , a cHpheTHe KHcejmHe craHAapAHOM He\Tpajni3auHjoM noMohy 6aae. TacoBHTH

npoayKTH cy oflpetiHBaHH racHoxpoMarorpaipCKH.

Ha ocHOBy KBaanrraTHBHe aHajuiae o6pa30Baanx npOAyKtra h HenpopearoBaHor eraHOJia

ys no3HaBaibe yna3Hor eTaHOJia, H3pauyHaTH cy CTeneH KOHBep3nje eTaHOJia y anerajmexiiA,

CTeneH yKyrme KOHBep3iije eTaHOJia, Kao h creneH K0HBep3Hje eTaHOJia nojeflHHawo y cnopeflHe

npoayKTe npoueca.

PE3YJ1TATH H ^HCKyCHJA

JJa 6h ce HcnHTao yranaj BpeMeHa KOHTaKTa h pa^He TeMnepaType Ha creneH

KOHBep3Hje eTaHOJia y aneTajiflexHfl h yKynny K0HBep3Hjy eraHOJia, H3BpmeHO

je neT cepnja onmra y KojHAia je npn BpejvieHHMa KOHTaicra 0,16, 0,32, 0,64, 0,96

h 1,61 s HcnHTHBaHa K0HBep3Hja Ha 703, 733, 773, 808 h 863 K. Y cbhm onHTHMa

mojickh oahoc eTaHOJia npeMa KHceoHHKy y yjia3Hoj peaKHHOHoj CMeuin h3hocho

je 5,5 ± 0,1 : 1. KoHneHrpairHja eTanojia y yjia3Hoj peannHOHoj cmcuih H3H0CHJia

je 0,0215 mol/dm3.

Pe3yjiTaTH HcnHTHBaH>a ynniaja BpeMeHa KOHTaKTa Ha creneH K0HBep3Hje

eraHOJia y aneTajmexna h Ha CTeneH yKynHe KOHBep3Hje eTaHOJia npn pa3JiH*iHTHM

TeMnepaTypaMa npHKa3aHH cy Ha cthhh 1. Kao uito ce bhhh, creneH yKynHe

KOHBep3nje eraHOJia ca nopacroM BpeMeHa KOHTaKTa Harjio pacre flocrcoKyhn

rpaHHMHy BpeflHOcr, Koja je Beha yKOJiHKO je BHuia TeMnepaiypa Ha Kojoj ce

H3BOflH nponec. CTeneH K0HBep3Hj'e eTaHOJia y aneTajiflexHfl, hcto Tano, Harjio

pacre ca nopacTOM BpeMeHa KOHTaicra, ajiH no nocrH3aH>y Hene MaKCHMajiHe Bpea-

hocth noMHHbe aa onafla. Ca nopacroM pa/iHe TeMnepaType CKpahyje ce BpeMe
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KoirraKTa HeonxoaHo 3a nocrH3aH>e MaKCHMajiHor creneHa KOHBep3Hje Ha Toj

TCMnepaTypn. JJok rpaHHTHa BpejiHocr yrcynHor creneHa KOHBep3Hje eTaHOJia y

HcnHTHBaHoj TeMnepaTypHoj o6jiacrH pacre ca noBeha&eM pajjHe TeMnepaType,

Bpe^HOCT MaKCHMyjwa creneHa KOHBep3Hje eraHOJia y aneTajiflexHfl je HajBeha

Ha TeMnepaTypH on. 773 K 3a Bpei«e KOHTaKTa 0,32 s.

0.7f 

0.2 OA 0.6 Q8 1.0 1.2 1.4 1.6

VftEME KONTAKTA Is)

Cnmca 1 Figure

3aBHCHocr creneHa KOHBep3Hje on BpeMeaa KoirraKTa. A — CTeneH yKynHe

KOHBep3Hje eraHOJia: 1 — 703, 2 — 733, 3 — 733, 4 — 808 h 5 — 860 K.

B — CTeneH KOHBep3iije eTaHOJia y aqeTanjjexH/i: 1 — 703, 2 — 733, 3

— 773, 4 — 808, h 5 — 860 K.

Dependence of the conversion degree on the time of contact. A — Total

degree of conversion of ethanol: 1 — 703, 2 — 733, 3 — 773, 4 — 808,

and 5 — 860 K. B — Degree of conversion of ethanol into acetaldehyde;

temperatures as with A.

KBaHTHTaTHBHHM HcnHTHBaH>eM cacraBa peaKUHOHe cjweme no H3JiacKy H3

peaKTopa KOHcraTOBaHO je jja npn cbhm eKcnepHMeHTajuom yaioBHMa creneH

KOHBep3Hje eraHOJia y yrjbeHAHOKCim no peaKHHjH (3) h y CHpheTHy KHcejmHy

no peaKnnjH (4) h3hoch oko 0,01, ihto npaKTHiHO 3Ha*iH jia ce yqeurhe o6e pe-

aKUHje y yKynHOM nponecy j«o>Ke 3aHeMapnTH. y npoflyKTHMa peaiamje HHje

npoHar)eH erHJieH, na ce MOH<e KOHCTaTOBara aa ce npn HaBe/ieHHM encnepHMeH-

Ta-iHHM ycjiOBHMa peaKitnja (7) He oflHrpaBa. Mer)yTHM npH cbhm eKcnepHMeHraji-

hhm ycjiOBHAia y npo/iyKTHMa je KOHcraTOBaHO npncycrBO MeTaHa, yrjbeHMOHOK-

CHfla H BOflOHHKa. Bp3HHe o6pa30Bafta aneraji;j,exHfla, MeTaHa h yrjbeHMOHOKCHma,

npopayyHaTe H3 eKcnepHMeHTajiHHx noaaTaKa 3a Bpeiwe KOHTaKra 0,16 s, h hc-

nHTHBaHe nponecHe TeMnepaType, npHKa3aHe cy Ha cjihhh 2.

Bp3HHa o6pa30BaH>a aneTajuiexHAa pacre ca noBeha&eM TeMnepaType pp-

CTii>KyhH MaKCHMyiw y HirrepBajry oji 773 ao 808 K, a 3aTHM onajja. Bp3HHa o6pa
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30B8A8 iweraHa pacre ca noBehaiteM TewinepaType y mrraBoj HcnHTHBaHoj oGnacTH,

h to ca BehHM rpaAHjeirroM y oCjiacTH TeMnepaTypa bhiiihm oa 770 K. Ha TeM

nepaTypaMa BehHM oa 860 K Ha HcnHTHBaHOM KaTajiH3aTopy je 6p3HHa o6pa-

30BaH>a MeraHa Beha oa 6p3HHe o6pa30BaH>a npeocTajior anerajiAexHAa. Ha ocHOBy

 

700 MO NO 120

TEMPERATURA(K)

CriHKa 2 Figure

3aBHCHOCT 6p3HHe o6pa30BaH>a bckhx npo-

nyKBra oa TeiwncpaType : 1 — aueTajiAexnn,

2 — McraH, 3 — yrjfceHMOHOKcun.

Dependence of the rate of formation on

temperature : 1 — acetaldehyde, 2 — methane,

3 — carbon monoxide.

pe3yjiTaTa npHKa3aHHx Ha cjihuh 2, Mowe ce 3ana3HTH h Aa je 6p3HHa o6pa30Baaa

yrjBeHMOHOKCHAa Ha bhuihm TeMnepaTypaMa Beha oa 6p3HHe o6pa30BaH>a MeraHa.

C o63npoM as ce MeTaH h yrjbeHMOHOKCHA y TOKy OBor nponeca o6pa3yjy no

peaKHHjH (5) hctom 6p3HH0M, MOH<e ce H3BecrH 3aKJty»iaK Aa ce y Tony nponeca

Ha bhuihm TeMnepaTypaMa OABHja h peaKunja pa3jiaraH>a MeraHa (6).

y npoAyKTHMa nponeca, npH cbhm HcnHTHBaHHM yaiOBHMa, yTBpr)eHO je

h npncycTBO BOAOHHKa y Behoj kojihiihhh Hero uito 6h Tpe6ajio Aa ra HMa Kao

pe3yjiTaT OABHjaaa caMO peaKunje pa3Jiaraaa MCTaHa (6). Ha ocHOBy Tora M0>Ke

ce tbpahth Aa ce Ha HcnHTHBaHOM cpeSpoBOM KaTajra3aTopy aqeTajiAexHA o6pa-

3yje He caMO no peaKirnjH oKCHAauHje (2) Hero h AexHAporeHauHje eraHOJia (1).

SUMMARY

INVESTIGATION OF THE CATALYTIC PROCESS OF ACETALDEHYDE

FORMATION FROM ETHANOL

NADE2DA N. JOVANOVIC, MIROSLAV V. STANKOVIC, DUSAN M. JOVANOVlC «nd SLOBODAN M.

JOVANOVIC*

Department of Catalysis, ICTM, NjegoSeva 12, YU-11000 Belgrade, and *Faculty of Technology

and Metallurgy, University of Belgrade, P.O.Box 494, YU-11001 Belgrade, Yugoslavia

The influences of the contact time and the temperature on the formation of acetaldehyde

in the reaction of ethanol vapour — air mixtures on a commercial silver catalyst were experi

mentally investigated. By quantitative analysis of the products, the reactions which are taking

place on the laboratory scale were established.

(Received 11 November 1981)
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Das mechanische Verhalten von Polycarbonat A - Folien wurde untersucht.

Zu diesem Zweck wurden im Zugversuch charakteristische Kenngrößen wie der

Elatizitätsmodul, die Fließspannung, die Bruchspannung und die Bruchdeformation

in Abhängigkeit von der Streckgeschwindigkeit und der Vorverstreckung bestimmt.

Im zweiten Teil der Arbeit, der folgt, wird der Einfluß der thermischen und der

chemischen Vorbehandlung auf die mechanischen Eigenschaften der Polycarbonat-

-Folien beschrieben werden. Die Ergebnisse sollen einen Beitrag zum besseren

Verständnis des mechanischen Verhaltens von Polycarbonat A - Folien liefern.
 

Polycarbonat ist ein relativ neuer Werkstoff. Mit seiner industriellen Pro

duktion wurde erst Ende der fünfziger Jahre begonnen1. Dieses Polymere ist

ein schlecht kristallisierbares Material, trotzdem weist es sehr gute mechanische

Eigenschaften auf. Bemerkenswert ist vor allem seine hohe für die Praxis wichtige

Schlagzähigkeit und die ausreichende Festigkeit im ganzen Temperaturbereich

bis hin zur Einfriertemperatur, die mit etwa 140—150°C sehr hoch liegt. Im allge

meinen werden die mechanischen Eigenschaften eines Stoffes durch sein Re

laxationsverhalten bestimmt. Das Relaxationsspektrum des Polycarbonats zeichnet

sich durch zwei Hauptdispersionsgebiete aus: das eine findet bei etwa 140—150°,

und das zweite bei ungefähr —100° statt. Außerdem lassen einige Untersuchungen,

sowohl dynamisch-mechanische2-4 als auch dielektrische5, ein drittes schwach

ausgeprägtes Dispersionsgebiet bei etwa 60—100° vermuten, das stark von der

thermischen Vorbehandlung beeinflußt wird.

In dieser Arbeit wurde der Einfluß der Streckgeschwindigkeit, der Vor

verstreckung, der Temperung und der Antiweichmacherkonzentration auf einige

ausgewählte mechanische Kenngrößen beim Polycarbonat untersucht.

EXPERIMENTELLES

Das zu untersuchende Material lag in Form der Folien vor — „Macrolon" - Folien der

Fa. Bayer AG. Die Meßproben wurden mit einem Stanzeisen aus der Folie ausgestantzt. Beim

Ausstanzen wurde nicht besonders auf die Richtung geachtet, da eine Meßreihe überzeugen

konnte daß die Richtung keinen Einfluß auf die Meßergebnisse hat. Die Proben waren 20 mm

lang, 4 mm breit, die Dicke schwankte um 0,2 mm. Um sicherzustellen daß sich Proben bei allen

Versuchen im gleichen Zustand befinden, wurden sie vier Stunden unter Vakuum bei 163°C

— also oberhalb der Glastemperatur — getempert, anschließend im Eiswasser abgeschreckt8.

Die vorbereiteten Proben wurden an einer Materialprüfmaschine der Fa. Instron im einachsigen

Zug mit konstanter Streckgeschwindigkeit getestet.
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MESSERGEBNISSE UND DISKUSSION

Einfluß der Streckgeschvrindigkeit

Es wurde der Einfluß der Streckgeschwindigkeit auf den Elastizitätsmodul,

die Fließspannung, die Bruchspannung und die Bruchdeformation untersucht.

Die Fließspannung ist die Spannung an der Fließgrenze („yield point"), die Bruch

spannung und die Bruchdeformation sind die Spannung und die Deformation

im Bruchpunkt. Die Proben wurden bei Raumtemperatur getestet. Die Streck-
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Abb. 1. Abhängigkeit des Elastizi

tätsmoduls Ey und der Fließspan

nung er von der Streckgeschwin

digkeit e

geschwindigkeit wurde zwischen 5%/min und 500%/min variiert. Die Ergebnisse

sind in den Abbildungen 1 und 2 dargestellt. Sie zeigen daß die Fließspannung,

die Bruchspannung und die Bruchdeformation durch Erhöhung der Streckge

schwindigkeit eindeutig heraufgesetzt werden. Dieser Anstieg ist beim Elastizitäts

modul schwacher ausgeprägt, er ändert sich wenig.

Im allgemeinen, unter Berücksichtigung der Zeit-Temperatur-Superposition>

sollte eine Erhöhung der Streckgeschwindigkeit gleiche Auswirkungen auf die

Meßgrößen haben wie eine Erniedrigung der Meßtemperatur. Dies bedeutet

daß mit steigender Streckgeschwindigkeit alle Meßgrößen, bis auf die Bruch-
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Abb. 2. Abhängigkeit der Bruch

deformation Xb und der Bruch

spannung ctb von der Streckge

schwindigkeit e

deformation, auch steigen müßten. Zahlreiche Meßergebnisse an verschiedenen

polymeren Materialien7'8 bestätigen diese Voraussage. Unter anderen hat z. B.
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Brinson9 *ien Einfluß der Stxeckgeschwindigkeit auf den Elastizitätsmodul und

auf die Fließspannung beim Polycarbonat bei Raumtemperatur untersucht und

gefunden daß im Streckgeschwindigkeitsbereich von 0.1 %/min bis 1000 %/min

der Elastizitätsmodul konstant bleibt und die Fließspannung mit steigender Streck

geschwindigkeit linear zunimmt (s. dazu auch die Abb. 1) nach folgender Ge

setzmäßigkeit: <tf= V+ o' In (e/e') wobei Y', a' und e' stoffspezifische Kons

tanten sind. Eine lineare Beziehung dieser Art ist seit langem aus der Metall

kunde bekannt10.

Eigene Meßergebnisse stimmen im wesentlichen mit denjenigen aus der

Literatur überein, bis auf jenes wo der Einfluß der Streckgeschwindigkeit auf

die Bruchdeformation untersucht wurde (Abb. 2). Es sind wahrscheinlich die

Crazes, die für dieses atypische Verhalten verantwortlich sind. Bei geringen Streck

geschwindigkeiten sind die Crazes in der Regel größer als bei höheren Streck

geschwindigkeiten. Große Crazes begünstigen die Bildung der ersten Risse die

wiederum schnell zum Bruch führen und dadurch wird die maximale Deformation

herabgesetzt.

Mechanisches Verhalten der vorverstreckten Proben

Viele polymere Stoffe, darunter auch das Polycarbonat, weisen beim Ver

Strecken unterhalb des Glaspunktes das sogenannte Kaltfließen auf. Diese Er

scheinung tritt oft bei Temperaturen die mehr als 100° unterhalb des Glaspunktes

liegen auf. Im Gegensatz zu dem „normalen" viskosen Fließen können beim Kalt

fließen keine weittragenden Molekülbewegungen ausgeführt werden. Es wird

angenommen daß das Kaltfließen durch die Umlagerungen zwischen den einzelnen

Vernetzungspunkten — sowohl chemischen als auch physikalischen — zustande

kommt. So erklärt z. B. Legrand11 daß das Kaltfließen aus drei voneinander ge

trennten morphologischen Schritten besteht: a) der bevorzugten Orientierung

der Moleküle endang der Deformationsachse, b) der Konformationsänderung

innerhalb der Moleküle und c) der Änderung der Packungsdichte. Beim Verstrecken

einer Probe geht das Kaltfließen (= konstante Meßkraft) über in den Bereich

des erneuten Anstiegs der Kraft, der erneuten Verstärkung des Materials („strain"

— oder „work-hardening"). In dieser Arbeit wurden gerade die Proben aus dem

Bereich der „strain-hardening" untersucht und einige mechanische Kenngrößen

bestimmt.

Die Folien wurden bei Raumtemperatur mit 250 %/min auf doppelte Länge

verstreckt, da sich bei diesen Verstreckgraden Polycarbonat eindeutig im „strain-
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-hardening" — Bereich befindet. Dann wurde ein Teil der vorverstreckten Proben

bei verschiedenen Tempertemperaturen unterhalb der Glastemperatur 24 Stunden

mit freien Enden getempert. Schließlich wurde an allen Proben, sowohl nur vor

verstreckten als auch vorverstreckten und getemperten, der Elastizitätsmodul,

die Fließspannung, die Bruchspannung und die Bruchdeformation bestimmt

(Abb. 3 und 4).

Die Ergebnisse zeigen daß die Bruchspannung und die Brucbdeformation

weder durch die Vorverstreckung noch durch die anschließende Temperving

beeinflußt werden. Der Anstieg der Bruchdeformation bei den vorverstreckten

Proben im Vergleich zu den vorher getesteten (s. Abb. 2) ist auf die höhere Streck

geschwindigkeit bei der Vorverstreckung (250 %/min) zurückzuführen. Andererseits
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hatte der Vorverstreckvorgang großen Einfluß auf den Elastizitätsmodul. Er stieg

um mehr als 30 % (Abb. 3). Die Fließspannung trat verständlicherweise über

haupt nicht auf. Die anschließende Temperung des vorverstreckten Materials

bewirkte allmählich mit steigender Tempertemperatur fast die vollständige Rück

kehr zum ursprünglichen Eigenschaftsbild.

Diese Meßergebnisse deuten auch darauf hin daß durch das Kaltfließen

während des Vorverstreckvorgangs und durch die Temperung die Struktur des

Polycarbonats beeinflußt und geändert wurde, z. B. Parallelisierung der Moleküle

beim Kaltfließen, Herausdiffundicrc n des freien Volumens bei der Temperung

usw. Im übrigen, die hier dargestellten Ergebnisse bestätigen nur andere schon

bekannte Befunde hinsichtlich der Strukturänderung und deren Auswirkungen

beim Verstreck- und Tempervorgang. Die Dichtewerte in folgender Übersicht

unterstützen diese Ansicht auch (die Dichten wurden nach der Schwebemethode

bestimmt) :

Polycarbonatfolien im Ausgangszustand

Getempert 24 Stunden bei 140°C

Auf doppelte Länge mit 250 %/min verstreckt

Verstreckte Proben mit freien Enden

getempert (wie oben)

1,1961 g/cm3

l,196912g/cm3

1,1991 g/cm3

1,1966 g/cm3.
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H 3 B O JS,

MEXAHHHKE OCOBHHE IIOJIHKAPEOHATHHX H>OJIHJA

MHJiyTIIH H. TOBEflAPHUA

HXTM, UTE — CeK&op 3a WAUMepne Mamepujane, Ibeioiueea 12,

1 1000 Eeoipag

JlaTH cy pe3yjrraTH HcmmiBaaa hm<hx measopaaa. ocooHHa (pojmja Haroriteroix oa.

nojiHKapSoHaTa A. KopHcrehH omefl HCTe3aH>a KOHcrairrHOM 5p3HH0M, o/ipeljeHe cy HeKe Ka-

paKTepHCTHMHe BejTHHHue, Kao Moayn ejiacTHMHocrH, rparoma xjiaAHor TeqeH>a, aareaHa MBpcroha

h MancHMajiHa fleepopiHaiotja MaTepHjajia, u to y mrhchocth op, Spawn fletpopMairoje h creneHa

npeTXoflHor ncTe3an,a. Tokom flayer iicmrrHBaifca y3opmf cy Tep.MHHKH h xcmhjckh MOflndm-

KOBaroi. TepMHHKa o5pa.ua ce cacrojajia y TeivuiepoBaH»y y3opaj<a Ha paarowHTHM TeMnepaTypajwa,

ajm yBeK hoioa raw ocTaKJBHBajta, a xeMHjcKa MOAKt^HKaimja y flOflaBaay T3B. aHTH-ruiacTH-

(pHKaTopa. MepeiteM rope Ha5pojarorx KapaKTepHCTHiHHX BejiHMMMa ycTaHOBJbeH je yraqaj

onucaHor TepiwHwor k xeMHjcKor MOAK(pHKOBaH>a Ha Mexamiwe ocooime noJiHKapooHaTHe

(pojmje. Pe3yjiTara Tpe5a na aonpiujecy oojbeM paayMeBajby KoiwiuieKCHor npoBjieMa Mexamm-

Kor noHaniaita nojnwap5oHaTa A.

(IlpKMJbeHC 3. ceirreM5pa 1981)
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The electron impact processes producing positive parent and fragment ions

from the CH3CN molecule were studied by mass spectrometery. The appearance

potentials of the observed ions were measured and interpreted in terms of possible

fragmentation mechanisms. The measured values of the appearance potentials

of CH2CN+ and CH+, ions, /4P(CH2CN+/CH3CN) = 14.37 ± 0.10 eV and

AP(CHyCH»CH) = 14.50 ± 0.10 eV, were used to calculate the bond dissocia

tion energies DJXH-CHzCN) = 338 ± 19 kj and £>S(CH3-CN) = 451 ± 10 kj.

The stabilities of the CH3CN molecule and of the CH2CN radical have

been subject of considerable interest in the last few years, but the literature values

extend in some cases over a range of 80 kj*. In a recent publication1, Ashfold

and Simons reviewed some of the previous work on the heat of formation, AH%,

of CH3CN and reported results of a vacuum ultraviolet photodissociation spectro

scopic investigation, from which a value of D°(CHz—CN) = 517 ± 3 kj, or

A£z7(CH3CN) = 54 ± 8 kj/mol was determined. These results are in agreement

with the determinations by bomb calorimetry2 and with photodissociation meas

urements3.4, which give AH% (CH3CN) values of 66 ± 7 kj/mol and 59 ± 4

kj/mol, respectively, but considerably disagree with the electron impact results

of DSCCHa—CN) = 456 kp, 436 kj6, and A//?(CH3CN) = 80 kj/mol7.

A photoionization study with mass analysis of CH3CN8 yielded a value

of AH?(CH2CN) = 1 80 kj/mol, from which one obtains DS(H—CH2CN) = 301 kj,

while the mass spectrometric studies of the free radicals9 gave values of 201 kj

and 330 kj for these energies.

In the present work the ionization and the fragmentation of CH3CN under

electron impact were studied and the appearance potentials of various positive

ions were measured and interpreted. From these results the bond dissociation

energies in the CH3CN molecule were evaluated.

EXPERIMENTAL

The measurements were performed on a 20 cm radius of curvature, 90° — magnetic de

flection mass spectrometer equipped with a conventional Nier — type ion source and an elec

tron multiplier detector. The following experimental parameters were used throughout the meas-

♦Throughout this paper, 1 cal = 4.184 J, 1 eV = 96.487 kj/mol.
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urements: filament current 4.5 A, trap current 20 uA, ion accelerating voltage 3 kV. The ioni

zation efficiency (IE) curves were obtained by recording the ion currents on a lOmV potentio-

metric recorder while the electron accelerating voltage was varied in equal steps. The electron

energy values were read directly on a Hewlett-Packard Type 3490A, Digital Voltmeter and the

energy scale was calibrated using argon as a standard.

Evaluation of the appearance potentials. The IE curves in conventional ion sources are obtained

by ionization with electrons emitted from a hot filament, which possess a thermal energy spread

of 1 to 2 eV. The effect of this distribution of the electron energies will be to obscure the fine

structure in the IE curve. The solution of this problem is found either in using electron velocity

selectors, or in applying certain numerical methods for deconvolution of the experimental IE

curves.

Among the most cerviceable procedures for deconvolution of the IE data is the Energy

Distribution Difference (EDD) technique10. The advantage of this method is in its straightforward

mathematical application to data obtained with a conventional ion source. The method involves

replacing the experimentally observed ion intensity, /, by a function A/ defined by the expression

A/=/(i;)— bl(v+ At;), where b is an experimentally derived constant, and I(v+Av) is the ion

intensity observed at an incrementally higher (<0.10eV) potential. This method was applied

in the present work.

Some problems arise in applying the EDD method on experimental IE curves possessing

considerable noise. In order to overcome this difficulty, the original IE curves were smoothed

by computer techniques using a 5-point smoothing procedure, and the EDD curves were cal

culated from the smoothed data by a computer, using Av = 0.10 eV and b = 0.65.

RESULTS AND DISCUSSION

The principal positive ions observed in the mass spectrum of CH3CN, their

relative intensities at ionizing energy of 50 eV are listed in the Table I. The Table

summarizes also the ionization and appearance thresholds of these ions and the

tresholds calculated from thermochemical considerations. The IE curves of the

positive ions are shown in Figs 1 and 2.

 

12 14 16 18 20 22

ELECTRON ENERGY (eV)

Fig. 1. Deconvolved IE curves of the CH3CN+, CH2CN+, CHCN+ and CCN+ ions.
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The ionization threshold for the CH3CN+ ion is in excellent agreement

with the previous photoionization and photoelectron spectroscopy results12-17.

The experimental value of 12.26 eV corresponds to the vertical ionization potential

 

14 16 18 20 22 24 26 26

ELECTRON ENERGY (eV)

Fig. 2. Deconvoluted IE curves of the CH+, CHi, C2H++HCN+, CN+, CH+, C2H+,

C+ and C£ ions.

of the CH3CN molecule from its ground state to the ground state of the CHSCN+

ion. The breaks in the IE curve at 13.17 and 15.13 eV have been already observed

and were attributed to the ionization of a lone-pair electron on nitrogen and to

the removal of an electron from the C—C bonding or C—H antibonding orbitals,

respectively.

The threshold for the CH2CN+ ion does not differ significantly from the

previously reported electron impact values6'9, but is slightly higher than the photo-

jonization results8-17.

The appearance potential of the CHCN+ ion is in very good agreement

with previous electron impact6 and photoionization8-17 data.

The CH£ ion has been observed previously in both electron impact6 and

phozoionization8'17 studies. The ^P(CH^/CH3CN) = 15.04 eV is close to the

value of 14.94 eV reported in the photoionization work8, but differs slightly from

the data in refs 6 and 17.

The appearance potentials of the CCN+, C2H$, HCN+, C2H+ and CJ ions

produced from the CH3CN molecule were determined for the first time in the

present work.

Since the CN~ ion is produced from CH3CN only by a resonance capture

process8-18, one can conclude that the CH3 ion can be produced by the dissociative

process CHaCN + e ->■ CH$ + CN + 2e.
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The first threshold in the IE curve of CH3 ion observed at 14.50 eV is in

agreement with previous electron impact experiments6, but is almost 1 eV lower

than the recent photoionization value of 15.34 eV17.

The thermochemical threshold for the formation of the CN+ ion is 0.71 eV

lower than the experimentally observed one, and this difference could be explained

by the dissociative process (7) (Table I), with the fragments possessing excess

kinetic energy.

TABLE I. Appearance potentials of the positive ions in the mass spectrum of CH3CN

Relative

abundance

Ion

species

Threshold energy (eV)

Thermochem. a Experimental Probable process

41 100 CHsCN+ .— 12.26 CH3CN(XiA,)+e=

= CHsCN+(X*E)+2e

40 61.2 CH2CN+ 14.31 14.37 — CH2CN++H (2)

39 17.6 CHCN+ 15.14 15.24 — CHCN++H» (3)

38 12.1 CCN+ 19.82 19.69 — CCN++H.+H (4)

27 2.4 CtHt and 16.33 16.39 — CH-J+N (5)

HCN+ 18.52 18.46 — HCN++CH* (6)

26 3.2 CN+ 19.58 20.27 --CN++CHs+£wn(7)

25 2.7 C«H+ 21.60 21.66 — C2H++Ha+K (8)

24 1.4 c,+ 26.94 27.05 —C»++H»+H+N (9)

15 2.0 CH3+ 14.77 14.50 — CHt+CN (10)

14 8.5 CHa+ 15.14 15.04 —CHj++HCN (11)

13 1.4 CH+ 19.45 20.08 —CH++H+CNH+

+£kin (12)

12 3.7 O 23.54 23.60 —C++2H+HCN (13)

a) The thermochemical threshold energies have been calculated using data of ref. 1 1

Bond dissociation energies. The appearance potential data can be used to

evaluate the bond dissociation energies in the CH3CN molecule.

The bond dissociation energy D£(H—CH2CN) may be derived by consid

ering the following processes:

CH3CN+e=CH2CN++H+2 e AP(CH2CN+/CH3CN)

CH2CN+e=CH2CN++ 2 e IP(CH2CN)

CH3CN=CH2CN+H DS(H-CH2CN)=^P(CH2CN/CH3CN)-/PrCH2CN)

From the known value of 7P(CH2CN)= 10.87 eV9, and the measured ^P(CH2CN+/

/CH3CN)=14.37±0.10eV, one calculates

D°0(H—CH2CN)=338±19 kj.

This value, combined with literature data for the heat of formation of CH3CN 7,

the ionization potential of CH3CN 18, and the heat of formation of H 19, yields

the heat of formation of the CH2CN radical, AH?(CH2CN)=215± 19 kj/mol.

The value of the DS(CH3—CN) can be derived from the processes

CH3CN+e=CH£+CN+2e ^P(CHyCH3CN)

CH3 +e=CH^+2e 7P(CH3)

CH3CN=CH3+CN DS(CH3-CN)=AP(CH+/CH5CN) -/P(CH3).
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With the photoionization value of /i3(CH3)=9.825±0.01 eV20 and the

measured value of ^P(CH5/CHaCN)=14.50±0.10eV, we obtain

Z>§(CH3-CN)=451 ± 10 kj.

Another route for determining the C—C bond energy employs the process

(7), Table I, but as we have already shown, the fragment products in this process

are produced with excess kinetic energy and therefore it was not possible to cal

culate D§(CH3-CN).

The value of the heat of formation of the, CH2CN radical 215± 19 kj/mol, ob

tained in the present work can be compared with the mass spectrometric electron

impact data, 201 kj/mol9. Our result for the C—H bond energy, of 338±19kJ

is in good agreement with both mass spectrometric9 and photoionization7 data.

Certain controversy appears however when comparing the electron impact

and photoionization data for the bond dissociation energy, Do(CHs—CN). While

all electron impact data, the present, 338 ±19 kj, ref. 5, 456 kj and ref. 6, 436± 14

kj are in reasonable mutual agreement, the photoionization data are more than

50 kj higher, 5I7±3 kj1, 513±3kJ3 and 511 kj. Further research is necessary

to resolve this discrepancy.
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H 3 B O fl

EHEPrHJE flHCOLTHJAUHJE BE3A y MOJIEKyJIY CH3CH H3

nO^ATAKA MACEHHX CIIEKTAPA

OJIHBEP^ HEIHKOBH'R, MHOMHP BEJbKOBHH, JTyuiAH rOJIOEOHAHHH,

MHOflPU MHJIETHT1 h KHPO <t>. 3MBOB

Huciuutuyiu 3a nyKMapne uayxe ,,Eopuc Kugpm", ii.up. 522, 11001 Eeoipag

HcroiniBaHH cy npouecu craapaika MaTmnmx h (bparMeHTHHX joHa npw cyaapy Mcrce-

Kyna CH3CN ca ejiei-CTpoHHMa y cnei<TpoineTpy Mace. Mepemi cy noTemHijajiH nojaBJbiiBaH>a

AeTeKTOBamix joHa h pa3MOTpeHH cy iworyhH MexaHK.3MH <pparMeHTaunj(\ M3 pe3ynTaTa wcpeita

noTemwjawa nojaBJbiiBaita joHa CH2CN+ u CH\ floSHBeue cy eHeprnje flncouHjamije. 3a Be3y

H—CHj—CN OHa h3hoch 338±19, a 3a Be3y CH3—CN 451 ±10 kj.

(ripHMJi>eHO 7. Aeuej«6pa 1981)
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BJIHHHHE BLICOKHX JIABJIEHHH HA OCOBEHHOCTH KOHCOJIH-

^auhh jmcnEPCHoro nOPOIIIKA OKHCH MArHHfl*

MAPHHA B. BJIACOBA, CEPrEH H. rOPBAMYK, CBETJIAHA H. rPOMbIKO,

HHKOJIAH T. KAKA3EH, BJIAUHMHP M. MEJTbHHK, HBAH H. *PAHIIEBHM

Mmmumym npotmm mamtpuajiotedemui AH YCCP, 252142 Kuee-\42, CCCP

■

MOMHHJIO M. PHCTHM

IlHcmumym mexHUtecKux HayK Cep6cKo6 anadtMUU uayK u ucKyccme, EeAipad, C<PPK)

(riocrynHJio b peaaKiono 11 flataSpfl 1981)

HccjieaoBaHo bjibhrhc bmcokhx 3>bjkhh8 Ha KOHCOJiHAainao AHcnep-

CHOrO nopOIUKa OKHCH MOTHHJI. Bo BpCMH npeCCOBOHBH npOHCXOflHT KMDKCBHe

KpHCTajuitmecKoft pemeTKH MaTepiiajia. B cbjbh c 3TBM paccMOTpeHO buhhhhc

netpeKTOB KpHCTajuunecKon pemeTKH Ha H3MeHeHHe mapBHU h cpopMu jihhhh

ueHTpajibHtix nepexoflOB b cneicrpe 3HP Mn2+ b MgO. ycraHOBJieHO, *rro ae-

({KipMHpyeMocTb nopouiKa pacreT c yMeHbuiemieM ^acrau. ycraHOBJieHO hhkidi-

poBaHHe F-ueHTpoB npH npeccoBaHHH, o6ycjioBJieHHoe paapymeHHCM HCXOflHtix

Hacnm.

CorviacHO pa6oTe 1 cymecrByioT Merbipe ocHOBHbie craflHH yiuioTHeiMH

nopouiKOB: 1) necTa6njibHbix npocrpaHCTBeHHbix crpyKTyp, 2) craSHJibHbix npo-

crpaHCTBeHHBix crpyKTyp, 3) MHKpoflecpopiwaijHH o6,beMa macron, nopouiKa, 4)

oBBeiwHoro HcreqeHHH. jieepopiwauHH. nopouiKOB npHBO/JHT k yBenmeHHio ruior-

hocth OTcnoKaipift b MaTepna^e, a npoijecc pa3MH0>KeHHH AHCJioKamrii conpo-

BO>«aaeTCH B03pacraBHeM KOHqeHTpaiym BaKaHCHH2. BbicoKan HyBCTBHTejibHOCTb

napa-warHHTHbix iiempoB k HapyuieHHHM KpHCTajuiiraecKOH pemeTKH, bo3mo>k-

HOCTb nepeBO^a aHHOHHbrx BaKaHCHH b F-uempbi, o6jia#aiomnx napaMarHeTH3MOivi,

npeanojiaraer npHMeHHMOCTb MeroAa ajieicrpoHMoro napaMarmiTHoro pe30HaHca

Win H3yHeHHH npoqecca aecpopMaujni nojiHKpHcrajuiOB no/r fleftcTBHeM CHJibHoro

BcecropoHnero caaraa.

OBPA3IIbI. METOUHKA SKCIIEPHMEHTA

B KaiecTBe o6i.eKTOB HccneflOBaHHH Bbi6npajicH noJiHKpHcnuunwecKHH MgO: a) npo-

MWUUieHHble nopOUIKH MapKH 004 C 3(p(j)eKTHBHOfi nOBepXHOCTbK) RS 10 M2/r, 6) KpHCTajIJIM

MgO, H3MCjn><ieHHbie b crynKe h pa3aeJieHKbie Ha tppaumm co cpe/jH HMpa3MepoM wacrau. <fc*35,

65, 90, 130, 180 h 300 mkm, b) H3MejH>HeHHbie KpHcrajuiw, OTOHOKembie Ha B03/ryxe npn 1400

K b TeMCHHe 2-x nacoB h pa3jjeJieHHbie Ha cppaKqHH, r) o6pa3iu>i b), oTOHOKeimbie npH 1500 K

Ha B03ayxe b TeneHHe 2-x qacoB h pa3aejieHHbie Ha cppaKUHH.

* Pa6oTa HBJiHeTCH MacTbio npoeicra „4>H3HKo-XHMHMecKHe npoueccw b TexHOJioniH

coBpeyenHbix MaTepnajioB", Koropbia BbmojnunoT AKa/jeMHK HayK CCCP (HHcnrryT npo6jieM

MaTepHanoBCAeHHH AH YCCP) h Cep6cKan aKaiieMHH HayK H HCKyccTB.

Ill
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riopouiKH MgO, npeflBapHTCJibHo cnpeccooaHHbie b Ta6jieTKH npH OTHocHTejibHo cinfioM

OKaniH, noMeinajutcb b Kaiwepy BbrcoKoro AaBjieHHH. 06pa3Ubi o6>KHMajiH Ha ycraHOBKe aim

npoH3BOACTBa cHHTenniecKHX CBepxTBepAbix MaTepnanoB ycmmeM 2000 TC (MOAeJtt D 0043).

AaajlcHHe b KaMepe onpeAejuum no rpaAynpoBOHHOMy rpatpHKy „AaBJieHHe b KaMepe-ycHJme

npecca", nocTpoeimoMy no H3BecTHbiM <pa30BbiM nepexoaaM b Bii-n — 2,54 nil, Tan-m

— 3,67 ma r Bini-iv — 7,75 ma3. CmioBoe B03fleficTBHe Ha HCCJieAyeMbifi o6pa3en. ocy-

mecTBJiejiHJiH b aBTOManwecKOM pe>KHMe paSoTbi npecc-ycrraHOBKH4 no 3aAaHH0ii nporpajvwie

c HcnoJib30BaroieM npeuH3H0HHbix cpeAcra o6ecneMeHHH CTa6HJiH3aintH AasjiemiH. npH stom

B03M0)KHbie KOJieoaHHH b KaMepe He npeBbiuiajTH ±0,05 rila. BpeMH AOcnoKeHHH Bejunnmbi

Heo6xoAHMoro AaBJieHHH b o6pa3ne mowo BbiGnpaTbCH ot I = 10 ao 3000 c. Hjin 6oJU>meH

Macro o6pa3upB oho cocraBJUuio 30 c. Macrb o6pa3noB H3 noponiKOB OCU npnroTOBJiHJiH 6e3

npeflBapHTejibHoro npeccoBannH Ta6jieroK nyreM cbo6oahoh 3acbmKH noponiKOB b KaMepy

BbicoKoro AaBJieHHH. B pa6oTe Hcn0Jib3OBajmci> Asa rona KaMep BbicoKoro nfBneatfi: „topoha"

h „ie»ieBHAa". Btodoh ran KaMepbi, hmch AocTaTonibiH o6i,eM, no3B0Jiiui An<p(pepeinnipoBaTb

HecneAOBaHHe npoueccoB, npoTeKaioiinxx b pa3Jinmibix yuacTKax npeccoBKH. Jlna sroro npo-

BOAHJiocb pa3AeJieHiie cnpeccoBaHHoii Ta6jien<H Ha 10 cjiocb npnwepHo oahh3koboh TonmHHBi.

C nejibio BbiHCHeHHH pojm njiacTHtpHKaTopa b npouecce BcecTopoHHero chothh GbiJiH

H3roTOBJieHbi o6pa3Ubi H3 noponiKOB cjtiecH 3 BecoBWx MacTeii MgO h 1 iacro rpaepHTono-

Ao6Horo BNr-

H3iwepeHHH cnehnpoB 3IIP npoBOAHjnicb Ha paAHocneKTpoMCTpe P3 1306 npH KOMHaraoH

TeMnepaType.

SKCnEPHMEHTAJILHblE PE3yjIbTATbI

a) Hcxodnue nopouatu

Bo Bcex HcxoAHbix nopouiKax Ha6jnoAajiCH xapaKTepHbiii cneicrp 3IIP hohob Mn2+ b

MgO: g = 2,0014, a — 18,6 lO"4 cm-1, A = — 81,0 10~4 cm-1 5. B H3Mejn>MeHHbix KpHcrajuiax

HAeHTH(pHUHpOBaH CHTHaJI OT Fl-nCHTpOB (aHHOHHaH BaKaHCHH, 3aXBaTHBUiaH 1 3JICKTPOH)

c g = 2,0023 ± 0,0002, An = 3,7 ± 0,1 -lO-4 cm-1 h iiihphhoh neHTpajibHoii jihhhh A// =

- 0,8 ± 0,1 3. B oroHOKeHHbix KpHcrajiJHwecKHx nopouiKax h nopoiiiKe iwapKH OCM cnrHaji

OT F-UeHTpOB OTCyCTBOBail.

06Hapy>KeHo H3MeHeHiie aiwnjiHTyAbi CHrnana jihhhh Mn2+ (7mh2+) b H3Mejn>»ieHHbix

KpHCTajuiax b 3aBHCHM0CTH ot pa3Mepa Macron. (pe3Koe ee ocjia6jieHiie npw d < 130 mkm) (cm.

pnc. la). nocKOJttKy HHTerpajibHan HHTeHCHBHOcn. He 3aBHcejia ot pa3Mepa Macron, Tanoe

noBeAeHHe /Mn2+ CBH3aH0 c B03pacTaiomeH pojibio A«peKTHOH crpyKTypbi npn yMeHbiueHHH

pasMepa Macron. B nojn>3y 3Toro npeAnojioweHHH cBHAeTeJibCTBOBajin8: a) yiimpeHHe jihhim

CTC, 6) yBejiHMeHHe aMiuiHTyAbi CBepxTOHKHX 3anpemeHHbix nepexoAOB (C3I1), b) ycujieroie

acHMMcrpHH cneKTpa (oraouieHHH aMiunrryAbi HH3KonojieBoii h BbicoKonojieBOH KOMnoHeHTos

cneKTpa Iijh) (pnc. 2a). B OTOHOKeHHbix nopouiKax 3aperHCTpoBaH cnrHaji Mn2+, xapaKTepHbift

AJM 6e3Ae<J)eKTHoro MgO, npHwew aMmiHTyAa jihhhh AOCTaTOWHO xopouio OTpaiKajia H3MeHeHiie

coAep*aHHH hohob Mn2+ b o6pa3uax. TaK otwht Ha B03Ayxe npHBOAHJi k 3aMeTH0My ocjia-

6jieHino CHraajia Aa»e b Kpyrmbix Hacraiiax (pnc. la). TaKoe ocjia6neHHe o6ycJioBJieHO AH(p-

(py3Heii KHCJiopoAa b noBepxHOCTHbie cjioh nacTHii h nepeBOAOM pacnoJio>KeHHbix TaM hohob

Mn2+ b Mn3+, 3I1P Koropbix H3-3a Majibix BpeMeH pejiaKcaioiH He Ha6jiK>AaeTCH. OAHaira AH(p-

(J>y3Heii KHCJiopoAa b noBepxHocTHbiii cjioh nocTOHHHOii tojuuhhw HeJU>3H o6-bHCHHTb xapaKTep

H3MeHeHHH HHTeHCHBHOCTH CHTHajia HCMepnbiBaiomHM o6pa30M. HeoSxoAHMO ynecTb eme pHA

nponeccoB, npoTeKaioiuHX KaK npH H3MejibHeHHH nopouiKOB, TaK h hx odkhtc

CpaBHeHne AHcnepcHoro cocraBa nopoiiiKa jip h nocne OT>Kiira noKa3ajio, mto TepMO-

o6pa6oTKa Ha B03Ayxe npHBOAHT k noHBjieHiuo b AainroH (ppaianui mcjikhx Hacnm, T.e. cno-

co6cTByeT oxpynHHEairaio h „Aopa3pymeHHio" Kpyimbix nacTHH. 3to corjiacyercn c pe3yjn>-

TaTaMH H3MepeHHH HHTeHCHBHOCTH cneicrpa 3nP Mn2+ no cppaKHHHM nopouiKa, KorAa; I)

OTHCHT npeAmecTBOBaji pa3AeJieHiuo Ha cppaKHKH, II) pa3AeJieHHe npoBOAHJiocb ao OT)Kiira.

CneKrp b nepBOM cjiyiae aim HacTHA Kpymo>ix (ppaioniH OKasajicH 6ojiee HHTeHCHBHbLM.
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IvOTHEA.
I.IOTREA. tf

 

35 GB 90 ISO 180

d. MKM p.rno

PHC. 1. 3aBHCHMOCTb H3MeHeHHH aiWIUIHTyflfel CT-KOMnOHeHTbl (m=— 5/2) OT

pa3Mepa KpHcranjiH^ecKHx Macrau (a) h Be.'iimwHfei aaBJiemiH npeccoBaHHH (6):

1 — U3Mejn>tieHHbie KpHCTajuiw; 2 — H3Mejn>MeHHMe KpHcrajulbi nocne OT>Knra

npn 1400 K; 3 — H3MejimeHHbie KpHcrajuiw nooie oTJKHra npn 1500 K; A —

nopouiKH; B — noponiKH nocne npeccoBaHHH npn P=2 ITIa; B — 5 ITIa; V

— 8 ITIa; a — pa3iwep Hacrau 35 mkm; 6 — 65 mkm; b — 180 mkm.

 

36 65 90 00
d. MKM prria

Phc. 2. 3aBHCHM0crb OTHOtueHHH aMnjunyfl CT-KOMnoHeHTOB m= — 5/2 h m= 5/2

ot pa3Mepa KpHCTannireecKHX Hacnm (a) h BejiHMHHbi jxaanemm npeccoBaHHH

(6). O603HaHeHHH mto h Ha pwc. 1.
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6) npoccoeaHHue o6pastfu

B npeccoBSHHbix o6pa3uax c yBejnneHHeM flaBJieHHH BcecropoHHero okbthh OTMe^eHO :

a) yMetibuieHHe ummrryABi carauu Ma** npn HeHSMCHHOH umci pajn>HOH hhtchchbhocth

jihhhh (cm. phc. 16, 3), 6) yBenmeHHe iubphhbi jihhhh (psc. 3), b) BOspaciaHRc napumpa

acHMiweTpHH Kai< Bcero cneicrpa (7i//«), Tan h otacjbhhx ero CT-KOMnoHeirroB (AjB) (phc.

 

p.rno

Phc. 3. H3MeHeHne ot BejiHMHHW jja-

BJieHHH npeccoBaHHH nopomKOB AiapKH

OCT CHTHajia 3IIP Mn2+: 1 — anuuni-

Tyflbi ueHTpajibHoro nepexo^a c m= 5/2;

2 — aMmiHTyAM ueHTpajibHoro nepexo.na

m = —5/2; 3 — unipHHbi jihhhh c m —

= —5/2; 4 — OTHOiaeHHH IIIhi 5 —

napaMeTpa acHMMCTpHH AIB jihhhh c

m = 5/2.

26, 3), r) pocT HHTeHaiBHOCTH C3I1, a) B03HHKH0BeHHe aMnjnrryflw (nponopu.HOHaju.Hoe aa-

BJieHHio npeccoBaHHH) cjirnajia F-uenrpoB (pnc. 4). OcHOBHbie HaojnoaaeMbie M.MeHeHHH

b npeccoBKax H3 nopouiKOB iwapKH OCH H H3Mejn>weHHbix KpHcrrajiJiax npiiBeAenbi Ha piic.

1—4.

H3BecTHo, hto npn MefljieHHOM njiacnwecKOM fletpopMHpoBaHHH KpHcrrajuioB MgO

reHepHpyioTCH aHHOHHbie BaKaHCHH, KOTopbie nocneflyiomHM y yo^Jiy^eHHeM nepeBOflHTCH

b F-ueirrpbi7. YflapHoe HarpyHceHHe8, fleepopMHpoBaHHe c 6ojimijhmh CKopocravw9 conpoBOw-

AaeTCH HenOCpeflCTBeHHbIM IIOflBJieHHeM F-UeHTpOB. IloCKOJIbKy OflHOH H3 npHMHH HHHUjmpo-

BaHHH F-iieHTpoB Moma oxa3aTbcH 6oJibUiaH cxopocTb H3MeHeHHa BejnmnHM npHJiOHceHHoro

AaBJieHHH, HBMH 6bIJIH npOaHajlII3HpOBaHbI CneKTpbl 3FIP B o6pa3qaX, flJIH KOTOpblX CKOpOCTb

flOcnOKeHHH Heo6xoaiIMOrO AaBJieHHH H3MeHHJiaCb OT 10 flO 300 C. 3aMeTHOH 3aBHCHMOCTII

If ot CKopocni Harpy>«eHHH o6Hapy>KeHo He 6mjio (cm. Ta6ji. I).

CpaBHeHiie pe3yju>TaT0B no npeccoBaHHio npii aaBJiemra 8 Tlla b Ka.wepax paajiHMHbix

thhob cymecTBeHHbix otjihtoh b H3MeHeHHH cnewrpoB Mn2+ He BbiHBHJio, oflHaKo aMiunrryaa

ciirHajia ot F-ueHTpoB b „HeMeBHue" 6bma npHMepHO b 1,5 pa3a 6oju>me, *ieM b „Toponn.e"

(tzQji. I). HHTeHCHBHOCTb H<e ciirHajia F-ueirrpoB jjjih pa3jmwHbix cnoeB 6wjia paamraHott.

IlsMeHeHHH cneKTpoB 3IIP Mn2+ a HHHinmpoBaHHe F-ueHTpoB b o6pa3uax, npHroro-

BJieHHbix H3 CMecH MgO h BNr, 0Ka3ajiHCb cnaSee, MeM H3 HHcroro MgO, cnpeccoBaHHoro

b Tex >«e ycJioBHHX. IlpH pa3AejieHHH TaKHX o6pa3u,oB Ha cjioh He oSHapyjKeHO KaKHx-jin6o

pa3JIHWHH MOKfly HIIMH B HHTeHCHBHOCTH CHTHajia F-UCHTpOB H OTHOUieHHH III It (TSOJI. I).

Jle(t)opMauHOHHoe H3MeHeHHe cneicrpa 3I1P Mn2+ b o6pa3uax, nojiyieHHBix H3 npejj-

BapnTejibHo cnpeccoBaHHoro nopounca OC1!, oKa3ajiocb 6ojiee 3aMerHbiM (oooSeHHO jjjih aa-

B.ieHHH 5 h 8 ma), ie.w npii „cbo6o,ahoh 3acwnKe" (cm, pnc. 3 h Ta6ji. I).
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TABJ1H11A I. CooTHoineatHc awunnyA hlh b cneicrpe 3ITP Mn2+ h hhtchchbhocti amsuia

ot F-iieirrpoB b npeccoBaHHbix noponiKax MgO

Tim nopoiiiKa Ychobhh npecooBBHHH hlh Ip, OTH. ea.

(±5%) (±10%)

8 rna, TOpOHfl, t-= 10 c 2,0 6,0

8 rna, TOpoHfl, t-= 300 c 2,0 5,4

8 rna, 2,0 9fi

KpHCTajuumecKHe 7 rna, CJIOH I 1,9 9fi

neoroHOKeHHtiej <fc»35 MKM II 8,7

HI—V 8,4

VI 8,1

VII •v 7,8

VIII 8,4

IX 8,1

X 7,5

3 MgO+1 BNr 7 rna, qeqeBHita, I—X CJIOH 1,65 3,5

2 rna, TOpOHfl 1,3 —

OCM 5 rna, TOpOHfl 1,5 0,05

8 rna, TOpOHH 1,8 0,15

OBCYJKJIEHHE PE3yjIbTATOB

a) Anasiu3 cnenmpa 3FIP Mn2+ e MgO

J1.TH 06l>HCHeHHH H3MeHCHHH B CneKTpe Mn2+ B0CII0JIb3yeMCH CTaTHCTH-

MecKoii TeopHeii HeoaHopoAHoro yuiHpeHHH pe30HaHCin>ix jihhhh10-11. Pe3yjibTaTM

3TOft TeOpHH HeOflHOKpaTHO npHMCHHJIHCb JJIISI 06l.HCHeHHH aKcnepHMeirrajibHoii

yrnoBOtt 3aBHCHM0cra iiihphhm h (popMM jihhhh 3I1P tohkoh crpyKrypbi B

KpHcraanax. OflHaKO, ijjih nepexoflOB — 1 /2-—> + 1 /2 Tanoii aHajiH3 He npoBOflHJicjr.

lTocKOJibKy b nojiHKpHCTajiJie HaSjiioflaiOTCH, rjiaBHbiiw o6pa30M, TOJibKO ara

Tiepexoaw, paccMOTpHM ocoSchhocth hx <J>opMHpoBaHHH npa h£Uih*ihh b KpHcrajuie

AecpeKTOB pemeTKH. B o6iyeM cjiyMae cnHHrajvuuibTOHHaH, onHCbiBaioiHHH cneicrp

3lTP HOHa Mn2+ b HCKa>KeHHOM KySHiecKOM nojie, mowho npeacraBHTb6 KaK:

96=g£H-S + --a [S*+S*+Si - — S(S+ 1) (3 S2+ 35- l)]+A S- 1+

6 5

+ Z)[5|-i-5(S+l)]- (1)

TIocjieflHHH MJieH y^HTbiBaeT HajiHMHe HCKaHceHHii . OnmeiH, hto ocb HCKaweHHH

•coBnaaaeT c OflHott H3 KpHCTajuiorpa<pH*iecKHx oceft <001>. C yMeroM nonpaBOK

BToporo h TpeTbero nopnflKa TeopHH B03MymeHHH ymoBaH 3aBHCHM0CTb nepe-

xoaob — l/2,m—+l/2,m 3ainmieTCH b BHfle12-14:

2 a2 ,„ , , „ . A2 /35 „\ . 4D2sin2 262 a2 A2 /35 \

£^H = g^H0~-^-C2+3p-5p2)-Am--——U -m2 +

3 g$H0 2g$H0\4 }
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2D2 sin4 26 5 aD . , „. . „ _ ' „ 70 A2am
sin2 26(sin20cos 4<p-7cos20+3) H ■ p —

g$H0 2 g£H0 r (g£H0y *

4A2Dm„ 36D2Am . . „a 2D2 Am . ,n(3 cos2 0-1) sin2 28 H sin40, (2)

G?Ptfo)2 (sP#o)2 (*P#o)2

rfle /> = — (35cos40-3Ocos20 + 3 + 5sin40-cos49)-

8

Ecjih cflBHr 3Hepran oflHHOHHoro nempa onpeflejiaeTCH *uieHaiviH BToporo

nopjmKa, KOTopue b paccMaTpHBaeiviOM cjiyiae hbjihiotch MaKCHMajibHbiMH, iiih-

pHHa pe30HaHCHoro CHraajia h ero cMemeHHe OKa3biBaiOTCH nponopn,HOHaju>HbiMH

IIJIOTHOCTH flHCJIOKaUHH11 . IIOCKOJIbKy MOK/jy njIOTHOCTbK) AKCJIOKaUHH H CpeflHHAI

napaMerpoM HCKa>KenHft cymecrByer flocTa-ro^mo npocran cba3b Z)cp~ Vn15>

flonycTHMO npe^nojiOKeHHe, mto KajK^oiviy fletpopjviHpoBaHHOMy coctohhhio coot-

BeTCTByeT cboh njioraocTb AHCJioKauHH, T.e. cboh BejiH^HHa Dcp.

HeoflHopoflHO-yiiiHpeHHyio 3a cqer aecpeKTOB jihhhio 3I1P b KpHcrajuie

mo>kho paccjwaTpHBaTb KaK KOMno3Himio (cBepTKy) jiopeHuoBa h rayccoBa pac-

npeaejieHHfl, npnraeM JiopemjOBa jihhhh xapaKTepHa ajih 6e3flecpeKTHoro Kpncrajia,

a rayccoBa o6yaiOBJieHa HajnraHeM AecpeKTOB. H3 (2) HaiS^eM cabht (uinpHHy

rayccnaHa) pe30HaHCHoro CHraajia:

Hd — Hd=o — —

4£sin220 2Dsin40 5 a . , , . „.

sin2 20 (sin2 0 cos 4<p —

1 n Am ~\

(3)

_ nn , _. 4A2m „ „ 36 D Am . ... , 2 D Am , . n
— 7cos20+3) (3cos20-l) sin220H sin40

CtfHo)* WHo)2 (g$Ho)2

IlpH CBepiKe uiHpHHa pe3yjibTnpyiomero CHmajia BbipaH<aeTCH *iepe3 cocraB-

jiniomHe ero jiopeHUOBy h rayccoBy jihhhh Kan16:

J*£+to> (4)

GneflOBaTenbHO, hcxoah H3 (3) h (4), umpHHa neirrpajibHoro nepexoaa (11,11)

b Kpncrajme c AeipeicraMH oojiaaaeT yrjiOBon 3aBHCHMocTbio. IlpH Manbix 3Ha-

neHHHx D h a (Koiyja 3KcnepnMeHTanbHO Tpy^HO H3MepHTb CMemeHHe h ynm-

peHne HII) AecpeKTti KpHCTajuiHiecKOH pemerKH aoji>khbi npHBecTH k oaia6jieHHio

aMnjiHTyflbi CHraajia h noHBJieHHio ee aHH30Tponmi, KOTopan CHJibHee Bbipa>KeHa

AJIH BblCOKOnOJieBbK CT-KOMnOHeHTOB .

B nojiHKpHCTajiJie pe3yjibrapyiouyiH cneicrp (popMHpyercH 3a c^ct cur-

sin 0
HajIOB-OTKJlHKOB, nono>KeHHe KOTOpbK onpeAejiHeTCH yCJIOBHeM ^ — ——> oo,

r^e dH (0)/d0— npoH3B0AHaa BbipaweHHH (2). JIjih UJl, npHHHAiaH cp=450, cht-

Hajibi-OTKUHKH Ha6^K)AaiOTCH npn 01=90° h 02=54°45 ajih cjiyqaa D<^a h 01=90°^
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h 62= arctg /— 36^wi/gpflfo ^ a . pa3flejieHHe CHrHajiOB-OTKJiHKOB npH

V 5-37/Jm/£pJ/0

0i h 02 B03pacraeT c yBejnraeHHeM D h 3aBHCHT ot m. IlpH 0i urapinia hhjthbh-

iiyajibHOH jihhhh OTjiHqaeTCH ot AH npn 02. T.e. yeeAwtenue detfieKtmocmu no-

pouiKoe donoKHo conpoeooKdamcbH kcik ocAcdoAeHueu cutnmcmydbi UJI, max u eo-

3pacmaHueM napaMempa acuMMempuu ciuhciaob, 3aeucnufUM om m.

ripoBeaeHHbift TeopeTH«iecKHft aHann3 noBefleHHH jihhhh u,eHTpajibHoro ne-

pexofla b nojiHKpHCTajuie noimocTbio o6bHCHHeT nojryneHHMe SKcnepHMeHrajibHbie

pe3yjn>TaTbi h no3BOJiHeT nepeftTH k kojikmcctbeHHOft oueHKe napaMerpa HCKa-

meHHH D. HanSojiee npocro oueHHTb BernraHHy Dcp mtokho H3 H3MepeHHii ot-

HOiueHHH HHTerpajibHbix HHTeHCHBHOcreft C3II h UJl. CornacHO pa6oTe 6 #jih

no.iHKpHcrajijiOB :

H3iweHeHHH Dcp ot BejnmHHbi aaBjieimH npeccoBamiH o6pa3HOB npHBeaeHbi

Ha phc. 5. XapaKTep noBefleHHH acHMMerpHH CT-KOMnoHeHTOB yKa3biBaeT Ha to,hto

D Hsieer oTpHuaTejibHbiH 3Han.

KaK cjie,nyeT h3 Ebipa>KeHHH (3) h (5), HyBCTBHTCJibHOCTb jihhhh 3IIP

k HapymeHHHM KpHcrajuiH*iecKOH peuierKH 3aBHCHT ot urapHHbi jihhhh b hc-

xoflHbix o6pa3uax (weM AieHtme AH, tcm npn MeHbiunx 3HaneHHHx D mojkho

3aperHcrpHpoBaTb H3MeHeHHH cneKTpoB), h pa6oyeH MacroTbi cneicrpoMeTpa (yeM

Mem>uie pa6o*iaH MacTOTa, Tew k Sojibuihm H3MeHeHHHM b xapaicrepHCTHKe pe-

3yjn>THpyiomero cneicrpa ano npHBOflHT).

AHajIH3 (|)OpMbI JIHHHH CT-KOMnOHCHTOB noKa3aji, MTO BMeCTO yBejIH^eHHH

BKJiajja rayccoBOH cocraBJWiomeH b pe3yjibTHpyK>myio jihhhio, npncymero mjih

HeoaHopoflHO-yuiHpeHHbK CHraajiOB, HaSjnonaeTCH pocr jiopeHUOBOH cocra-

BJIHK»meH. HfleHTHtlHOCTB KpHBbK HaCbllHeHHH B HCXOAHOM H fletJjOpMHpOBaHHOM

o6pa3uax HCKJuoqaer B03M0>KH0CTb onpeaejiaiomeH pojih jwexaHH3MOB oflHopon-

HOrO yiUHpeHHH HHflHBHflyaJIbHOH JHIHHH. JIopeHHOBblH XapaKTep fle<j)OpMaHHOHHO-

-yiHHpeHHbix KpiiBbix 3aMeneH b cneKTpax 3IIP Fe2+ h Co2+ b MgO10.

Bnojnie bo3mo>kho, hto TaKoe H3MeHeHne 4>opMbi jihhhh o6ycjiOBJieHO co3jj,aHHeM

b o6pa3uax urapoKoro HaSopa jj[ec|)eKTOB (ancjioKauHH, BanaHCHH h ap.) h He-

paBHOMepHOCTbio hx pacnpe/JtejieHHH no o6beiny.

6) Hcxodnbie nopouinu

AHajm3 H3MeHeHHH b cneKTpe 3I1P hohob Mn2+ no3BOjiHeT caejiaTb He-

KOTopbie BbiBOflbi o fle^jeKTHOH crpyicrype Hcxo^Hbix nopouiKOB. TaK, 3aBHCH-

MOCTb Inn2+ (pnc. la) h hjH (pHC. 2a) ot pa3Mepa MacTHH yKa3biBaeT na bo3-

pacraiomyio pojib miacnmecKoro ae^opMHpoBaHHH npn c£>opMHpoBaHHH pa3py-

uieHHeM nacTHH pa3MepOM MeHee 130 mkm, Korjia 30Ha jie(J)opMHpoBaHHii oxBaTbi-

Baer aapo ^acTHHbi. 3to corjiacyercH c yTBep>KfleHHeM17.18, ^ito qjih yacrau;

tunpoKoro KJiacca jweTajuiOB h cmiaBOB c yMeHbiueHHeM pa3MepoB (< 100 mkm)

xapaKTepHO yBejnmeHHe hx npoHHOcra h njiaciHMHOCTH.
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ynieHLUieHHe Iyin2* Ha 30% b OTOHOKeHHbK nopouiKax c d » 300 mkm

ii Ha 60% b MacTHuax c d~ 35 mkm no cpaBHeHHio c HeoTOHOKeHHbiMH noponiKaMH

TaioKe CBHfleTe^bCTByeT o hckotodom otjihmhh nec^eKTHOH crpyKTypbi nopouiKOB

pa3JiHMHbix (ppaKiuiH. TaKoe OTJimiHe Jierno o6i>HCHHTb, eora yMecrb, mto b

iacTHi;ax npH H3Me.ibqeHHH o6pa3yioTCH pacKpbiBiunecH h HepacRpbiBUinecH

Kpynnbie h MejiKHe TpemHHbi h hx 3apoflbiuiH, npnieM hx o6pa30BaHHe 3aBHcirr

or pa3Mepa Macinn. K KpynHbiM OTHeceM TpemHHbi, reoiweTpHMecKHe pa3Mepbi

KOTOpblX / 6JIH3KH K pa3MepaM CaMOH MaCTHUbl, k mcjikhm — l<^.d. rioBepxHOCTb

CKOJIOB paCKpblBIIIHXCH KpynHblX TpeiUHH nOKpblTa CeibK) MejIKHX TpeuuiH.

Cyan no BceMy, npH MexammecKOH flecrpyKiuiH b Macranax d> 130 mkm co3,aaeTCH

MacTHMHo ynopHflOMeHHan flec^eKTHaa crpyKTypa, npeacraB-iHioinaH coooh cerb

HepacKpbiBuiHXCH KpyiiHbix TpemnH c pa3MepoM hmchkh MeHee 60 mkm. OT>KHr

Ha B03flyxe npHBOAHT k hx pacKpwTHK), mto cnoco6cTByeT flH(p(J)y3HH KHCJiopoaa

yn<e no mcjikhm TpemjtHaM b oGteM Macron,. JXjik Macron. d< 100 mkm xapaKrepHO

o6pa30BaHHe, b ochobhom, mcjikhx TpeinHH. JJaHHbie jjjih noponiKOB, otohokchhmx

npn 1400 h 1500 K noMra coBnanaiar, mto mo>kho CBH3aTb c HannMHeM b MacTHnax

onpeflejieHHon noBepxHOCTHOH (npnrpaHHMHOH) aecpeKTHOH 30Hbi mcjikhx TpeinHH

TOJiuuiHOH x 4 mkm, b KOTopyio JierKO aH(J)4)yHflHpyeT KHCJIOpOfl. EcrecrBeHHO

npeflnojio>KHTb, mto hohbi Mn2+, .naioinHe cHraaji 3IIP b 0T0>KH<eHHbrx o6pa3nax,

pacnoJio»<eHbi b o6i>eMHbix cjiohx Macron.

b) IlpeccoeaHHbie o6pa3t4u

OTcyrcTBHe 3aMeTH0H 3aBHCHMOCTH If ot ckopocth Harpy>KeHHH n Ha6jno-

AeHHe JIHHHH F-neHTpOB B H3MejIbqeHHbIX KpHCiajIJiaX n03BOJIHJIO OTHeCTH nOH-

B.ieHHe cHraajia 3a cmct nponecca xpynKoro pa3pymemiH hcxoahbix KpncTaniiH-

mcckhx Macron nopouiKa npn npeccoBaHHH. ITpHpoaa o6pa30BaHHH F-HempoB

mokct 6biTb o6"bHCHeHa oie/xyioinHM o6pa30M. H3BecrHO, mto pa3pymeHHio

KpHcrajuia npe/iniecTByeT B03HHKHOEeHiie cKoiureHHH nHCJioKauHH2, T.e. co3;iaHHe

oSjiacreii c noBbiuieHHbiM conep>KaHHeM BaKaHCHft. C npyroft cropoHbi, cpopMH-

poBaHHe hoboh noBepxHOCTH npn pacKpbrrHH TpemHHbi conpoBOKnaeTCH s.MiiccHeft

3.ieKTpOHOB C pa3JIHMHbIMH SHeprHHMH, HOHH3aiTHOHHbIMH, OnTHMeCKHMH H flp.

HBjieHHHMH19. IlocKOjibKy o6a 3th nponecca nporeKaioT npaKTHiecKH onnoBpe-

MeHHO, moh<ho ciHTaTb, mto npn pa3pyuieHHH TBepabix tcji reHepanHH BaKaHCHft

b 30He pa3pymeHHH conpoBOKAaercH HHTeHCHBHbiM oSnyMeHHeM stoh 30hm,

cTHMyjmpyiomHM o6pa30BaHHe F-uempoB. 3to oGtHCHHer Ha6jno/iaeMyio paHee

HAeHTH^HOCTb napaMarHHTHbix nempoB, nojiyMeroibix KaK npn oojihmchhh Kpn-

crajijioB, TaK h npn hx iwexaHHMecKOM pa3pymeHHH20.

HHTeHCHBHOCTb CHraajia F-neHTpoB b hcxo/thmx H3MejibMeHHbrx KpHcrajuiax

0Ka3ajiacb nponopirnoHajibHon 3(p$eKTHBHoft noBepxHOcro o6pa3noB, h o6paroo

nponopHHOHajibHOH d. TaiuiM o6pa30M, cpaBHHBan hhtchchbhocth cnrHajiOB ot

F-neHTpoB b ncxoflHbix nopouiKax h cnpeccoBaHHbrx o6pa3nax, mo>kho oneHHib

cpeflHHii pa3Mep Macron b Ta6jieTKe noaie BcecTopoHHero chothh. npn TaKoft

oneHKe oie/ryer yMHTbraaTb, mto AHcneprHpoBamte Ha B03/ryxe yHHMTOH<aeT

s;80% F-yeHTpoB, o6pa3yiomHxcH npn pa3pyineHHH b BanyyMe hjth HHepTHoft

cpe^e6, a BcecropoHHee oKarae npoucxonHT b orpaHHMeHHOM oe^eMe, Ky^a

flocryn B03«yxa 3aTpyaHeH. BbiMHCiieHHbie cpeaHHe pa3Mepbi MacrnH b cnpec-

coBaHHbix o6pa3nax npHBe^eHbi b Ta6ji. II.
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TAEJ1HUA II. CpeflHHft pa3Mep M£icthu b o6pa3uax nocjie npeccoBahhh no flawa,iM anp

ycjIOBHH npeCOOBSHHA CpeAHHH pa3i«ep nacTim b o6pa3uax, mkm

HcxoflHbie o6pa3m»i 35 65 90 130 180 300

HeoTO>K>KeHHbie 2 ma 30 43 60 65 80 100

Heoro>KH<eHHbie 5 THa 24 24 24 27 32 40

HeoTOHOKeHHtie 8 TCIa 20 21 18 18 23 32

OTOMOKCKHbie 8 rila 32 50 68 80 87 100

Jlfla noflTBep>KfleHHH 3(p(peKTa H3MejibveHHH npn npeccoBaraiH HaMH 6biJio

npoBeaeHO HcaieaoBaHHe Macron. nopouiKa nojiyneHHbix o6pa3u,OB, b npoxoAHmeM

nojwipH30BaHHOM CBere b HMMepcHOHHOM npenapaTe Ha MHKpocKone MHH-8.

IlojiyieHHBie MHKpo4>OTorpacpHH juih nopouiKOB (ppaKUHH c d » 300 mkm, cnpec-

coBaHHbix npH paajnraHbix ^aBJieHUHX, npHBeaeHbi Ha pnc. 6.

IIpH aHajiH3e pa3MepHoro 3(p(peKTa pa3pynieHHH npn npeccoBaHHH (cm.

pnc. 46 h Ta6ji. II) Hy>KHO ynrrbiBaTb no KpaihieH Mepe jxbz oco6eHHOCTH: a)

MacunaGHoe ynpouHeHHe — yBejiHMeHHe npoyHOcra c yMeHBiueHHeM pa3Mepa

MacTHii, mto o6bi^Hc CBH3biBaioT co cTarocroiecKHM pacnpeflejiemieM TpeuiHH

F.OTEfl.

  

prna

no 200 300
d, MKM

Phc. 4. H3MeHeHHe hhtchchbhocth cBTHajia Fi-ueinpoB b 3aBHCHM0cra ot: a)

BejnnHHbi npmicoKeHHoro flaBJieHHH P «jih Macnm, pa3MepoM 35 mkm (1), 65

(2), 90 (3), 130 (4), 180 (5) h 300 mkm (6); 6) pa3Mepa Macroy d b hcxoahmx He-

OTOHOKCHHblX KpHCTajUHWeCKHX nOpOUIKaX (1) H CnpeCCOBaHHblX npH flaBJieHHH

2 ma (2), 5 rila (3), 8 rila (4), a TaiOKe b OTOHOKeHHbix noponiKax, cnpecco-

BaHHbix npH 8 rila (5).

b o6i.eMe Tejia18, 6) KOJiiraecTBO onacHbix TpemHH hjih hx sapoflbimeii b yacrouax,

KOTopoe onpeflejiaeTCH KaK pa3MepoM ^acrim, TaK h ihcjiom BHeuiHHX B03Aen-

CTBHH, HeoGxOflHMbDC flJIH nOJiyieHHH flaHHOH qaCTHUbl. TaKHM o6pa30M, B M3
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jieHbrax lacTHuax, nojiyMeHHe KOTopbix TpeSyer Sojitmero MexammecKoro bo3-

fleHCTBHH, jjojdkho BoaHHKaTb 6ojibmee MHCJIO onacHbix TpeU^HH, KOTOpbie B

aeiicTBHTejibHOCTH xapaKTepH3yioTCH „HeonacHbiMH" HanpaBJieHHeM h 4>opMOH21.

TjiaBHyio pojib MaciiiTa6Hoe ynpotHeHne m-paer b cny^ae otohokchhbix nopouiKOB,

KOr^a KOJIH*reCTBO B Jinx TpemHH npaKTHMeCKH He 3aBHCHT OT yCJIOBHH H3MejIb-

MeHHH, a onpeaejiHeTCH hx pa3MepoM. napaMerpbi a) h 6) hbjihiotch aomhhh-

pyiOIUHMH npH npeCCOBaHHH HeOTOHOKeHHbDC nOpOIIIKOB . ITpH npHJIOHCeHHH

BcecropoHHero c>KaTHH cpeAHHH pa3Mep qacmu. yMeHbuiaeTCH h BbiHBJiHeTCH

TeHfleHUHH K BbipaBHHBaHHK) KOHeMHbDC 3IiaHeHHH 3T0H BeJUWHHbl, COCTaBJIHIOmeH

~ 20 mkm npH 8 rila, *rro OTpaH<aeT 4>aKT cymecrBOBaHHH b KpynHbix HCxoflHbix

qacTHqax crpyKTypbi HepacKpbiBiuHXCH TpeiuHH c nepHOflOM » 20 mkm.

 

Phc. 5. H3.MeHeHHe napaMeTpa HCKaweHHH D ot BejiHMHHbi flaBJieHHH npeccoBaHHH

(cny^aii „CBo6oflHOH 3acbinKH" nopouiKOB OCTQ.

H3MeHeHHe napaMerpoB cneicrpa 3IIP Mn2+ (cm. pnc. 16, 26, 3 h 5) c

pOCTOH flaBJKHHH npeCCOBaHHH flOCTaTOMHO XOpOUIO 06-bHCHJieTCH yBejiH^eHneM

iijiothocth flec})eKTOB b o6pa3uax. TaK 6ojibmeMy othoiuchhio, HanpHMep, Ii/Is

cooTBeTCTByer 6ojibiuee 3Ha^eHHe D h, ecTecrBeHHO, 6ojibiuaH njiOTHOcrb rkc

 

Phc. 6. MHKpo(})OTorpacpHH Macrau nopoiuio c d = 300 mkm (a) noane npec-

coBamw npa aaBJiemm 2 rria (6), 5 TUa (b) h 8 TOa (r).
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.-ioKanHft N. no AaHHbiM pnc. la, 2a, c yMCHBiucHHeM pa3Mepa HCxo/xHbrx macron.

creneHb hx flecpopiHairHH npn npeccoBaHHH B03pacTaeT. 3to corjiacyeTCH c yno-

MHHaeMBiM Bbime MacuiTa6HBiM ynpoHHeHHeiw, conpoBO>K/;aeMbiM yBejinqeHHeM

njiaCTHMHOCTH nOpOUIKOB.

HecKojitKO AieHbiuaH creneHB rniacTHiecKOH necpopjwanHH b otohokchhijIX

o6pa3uax nocjie npeccoBaHHH, oneHHBaeMaH no othoihchhio aMiuiHTya CT-

-KOJUIOHeHTOB Il/h, BbI3BaHa, nO-BHflHMOMy, HeKOTOpOfi HepaBHOMepHOCTBK)

pacnpeaejieHHH flHCJioKaimii no o6beMy nacTHn h ocoSchhocthmh mctoahkh H3-

MepeHHH. ITjioTHOCTb flHoioKauHH 6ojn»uie b nOBepxHOCTHbix cjiohx hjih Mecrax

MOKMaCTHHHblX KOHTaKTOB, HCM B Hflpe qaCTHITbl, a perHCTpaUHH H3MeHeHHH

npoBOflHTCH no HOHaiw Mn2+, KOTopbie, KaK ynoMHHanocb Bbinie, pacnojio>KeHbi

b nape qacTHUbi. Kpoiwe Toro, cjienyeT y^HTbiBaTb h Hcxo/jHyio necpeKTHyio

crpyKTypy noponiKOB, KOTOpan mtokct OKa3bmaTb bjihhhhc Ha reHepannio ahc-

jiOKauHH npn npeccoBaHHH.

riOCKOJIBKy HeOTOHOKeHHblt nOpOUIKH no CpaBHeHHK) C OTOHOKeHHblMH

npOHBJiHKvr 6oji£>myio ciuiOHHocTb k pa3pymeHHK> npn npeccoBaHHH, b pe3yjib-

TaTe KOToporo o6pa3yiOTCH 6ojiee iuiacTHHHbie MejiKHe qacTHUbi, B03HHKaeT

Bonpoc: noneiHy KOHeHHan fle(popMHpyeMOCTb o6pa3na onpeAejiHeTCH, rjiaBHMM

o6pa30M, pa3Mepoi« HCxonHbix macron? B cbh3h c sthm pacciwoTpHM (popMHpo-

Baime MOK^iacTHUHbix KOHTaKTOB b npeccoBKax. IlpH ynJioTHeHHH Hepa3py-

UiaKJIUHXCH HaCTIUI KOHTaKTbl MOKAy HHMH OnpeflCJIHIOTCH, B OCHOBHOM, HX

(popMOH. B cjryqae npeccoBaHHH pacKajibiBaioiHHxcH MacTHi; BHaqajie nponcxonHT

nponecc hx pacKajibiBaHHH, a 3aTeM netpopiviHpoBaHHH. Ilpn stom KOHTaKT iwe>Kny

ocKOJTKaMH (popMnpyercH no nnocKOCTHM pacKOjia HexoaHoft qacrHUbi. Hajraqne

flocTaToqHO ruiOTHbix KOHTaKTOB MOK/ry ocKOJiKaiwH cnocoScTByeT TOMy, hto npn

ae<popiwairHH TaKOH komiuickc Bener ceon KaK KpynHan qacraua.

E6jibinaH aMiuiHTyna CHrnajia F-uempoB b o6pa3nax, cnpeccoBaHHbix b

„qeMeBHne", ieM b „TopoHae", MOH<eT 6biTb oSbHCHeHa pa3jiHHHeM b rpanneHrax

npHJioweHKoro naBJiemiH. Reno b tom, vro nepenaqa naBJieHHH o6pa3ny ocy-

mecTBjiHeTca KaK 3a cner BepTHKajn>Horo nepeMeineHHH SjiOK-MaTpnii npecca,

TaK h 3a cqeT TeqeHHH MaTepnana KOHTeiiHepa b ropH30HrajibHOH iuiockocth.

Otjihhhh b BejiHTOHax 3thx flaBjieHHH, npHjiOKemibix k kedkaoh Hacnme, h

6yayT onpenejiHTb acpcpeicr pacKajibiBaHHH. Pasjnraie b I? hjih pa3JiHMHbix

cnoeB OflHoro h Toro >Ke o6pa3ua (Ta6n. I) yKa3biBaeT Ha HeonHopoflHOCTb pac-

npeflejieHHH „rpa,iiHeHTOB aaBJieHHH" no ero o6beMy. Bjihhhhc TaKoro rpaaneHTa

oco6eHHO cymecrBeHHo h Ha*iajibHbiH nepnofl npeccoBaHHH. HeH30TponHocrb

nojiH MexaHH^ecKHX HanpHHcemiH crjianaiBaeTCH c TeqeHHeM BpeMeHH KaK 3a

cieT H3»iejibHeHHH, TaK h 3a cqer nuacTHiecKoro TeneHHH npeccyeMoro MaTepnana .

CymecTBeHHyio pojib b nponecce pa3pyuieHHH npH npeccoBaHHH HrpaeT

cpopjvia HcxogHbix MacTHi^. MeM 6ojibmee OTKtOHeHHe cpopjvibi nacTHHbi ot ccpe-

pHMecKOH, TeM k GojibiuHM rpaflHeHTaM HanpjDKeHHH 3to Mo>KeT npHBecTH npn

npeccoBaHHH. He HCKjnoieHO, mto 0T>KHr cnoco6cTByeT oxpymHBaHHio h no-

cneayiomeMy OTKajibraaHHio HaH6ojiee BbicTynaioinHX qacTeii oTAejibHbix qacrau,

flejian nacrHny, oco6eHHO MejiKOH cppaKiniH, Sojiee ccpepnqecKOH. 3to hbjihctch

eine oahhm oSbHCHeHHeM MeHbuiero 3HaqeHHH If b otohokciihhx nopouiKax

nocjie npeccoBaHHH.

MeHbUJHe fle(popMHpyeMOCTb h creneHb H3MejibqeHHJi qacraii MgO, a TaioKe

orcyTCTBHe rpa^HeHTa pacnpeaejieHHH F-qeHTpoB no o6beiwy (Ta6n. I) b npec-

coBKax cjvteceH MgO + BNr (npn nponnx paBHbrx ycjioBHHx), CBHAeTejibCTByeT



122 BJIACOBA h ap.

0 TOM, WTO HHTpHK 6opa HrpaeT pOJIt BbipaBHHBaT&riH K£1K JIOKajIbHbDC, TaK H

o6i>eMHbix rpaflneHTOB MexaHHMecKHx HanpjoKeHHH. B cmry cBoeft BbicoKofi

macTHMHOCTH BNr y>ne npn hh3khx aaBJieHHHx, BbrrecHHHCb H3 30Hbi KomaKTOB

Macnm MgO, 3anojiHaeT MOKMacnmHbie nycroTbi, npenHTCTByn KaK pa3pyineHHio

macron,, Tan h ee ae^opMauHH. Pons „BbipaBHHBaTejiH" Mower HrpaTb h pa3-

BHTbiii noBepxHOCTHbift cjioii Macron. 3thm o6cTOjrrejii.cTBOM, no-BH^HMOMy,

mowct 6biTb o6bHCHeHa MeHbuiaH creneHb jje^opMainiH nopoiiiKOB OCH no

cpaBHeHHK) c nopouiKaMH KpHcrajuiHMecKHx Macron, c d x 35 mkm.

Pa3jiiWHe b ae(})opMHpyeMocTH nopouiKOB OCM b „cbo6oahoh 3acbinKe"

b npecccpopMy h „H3 npeflBapHTejibHO cnpeccoBaHHbix TaGjieroK" OTpa>KaeT mhcto

reoMeTpHMecKHe oco6eHHocra mcto/jhkh npeccoBaHHH. riocKOJibKy Kawaan npecc-

(J)opiwa pac^HTaHa Ha npeccoBaHHe Kanoro-io MHHHMajibHoro oSbejvia MaTepna-ia,

TO 3T0T MHHHMyM B CJiyMae „CB060flHOH 3aCbmKH", nOBHflHMOMy, He 6bIJI RO-

CTHrHJT.

ITpH H3MepeHHH yuiHpeHHH pemreHOBCKHX jihhhh (ycraHOBKa ,HPOH-2)

uinpHHa jihhhh (222) b HcxoflHbrx nopoiiiKax AvapKH OC^I cocraBRna a 0,50°,

a b AecpopMHpoBaHHbix o6pa3nax npn 8 FTla (cBo6oa,HaH 3acbinKa) — 0,58°,

mto HaxoflHTCH b npe^ejiax norpeiuHOcin SKcnepHiweHTa. 3to no3BOJiHeT oneHHTb

nopnflOK KOHueHTpauHH AHOiOKauHH b flecJjopMHpoBaHHOM o6pa3ne X 5 • 109CM 2.

H3 npHBeaeHHbix pesyjnvraTOB no 3I1P cjie,nyeT, mto MyBCTBHTejibHOcrb qeH-

TpanbHbix nepexoAOB cneKrpa 3IIP Mn2+ b nojiHKpncrajiJiHMecKOM MgO k Ha-

jihmhio fletpeKTOB peuieTKH onpeaejineTCH uihphhoh HHflHBHzryajibHOH jihhhh b

HcxoAHbix o6pa3nax h 0Ka3biBaeTCH no KpaifaieH Aiepe Ha jjBa nopnflKa Bbiuie,

ueM npn H3MepeHHH yumpeHHH pemreHCBCKHX jihhhh.

3AKJIIOMEHHE

B pe3yjibTaTe npoBefleHHbix HCCJieflOBaroiH ycraHOBJieHO :

a) BbicoKan HH^opMaroBHOCTb MeTO/ia napaiwarHHTHoro 30Hfla npn H3yMeHHH

AC(J)OpMHpOBaHHbIX npeCCOBaHHeM COCTOHHHH nOJIHKpHCTajIJIOB. IlpOBefleHHblH

aHajiH3 cneKTpa 3I1P Mn2+ b nojiHKpHcrajuie noKa3aji, mto y^ier aKCHajibnoft

cocraBJiHiomeH KpHcrajuiHMecKoro nojiH h Hcnojib30BaHTte pe3yjibTaT0B craTHCTH-

MeCKOH TeOpHH HeOAHOpOflHOrO yUJHpeHHH pe30HaHCHblX JIHHHH n03BOJIHeT oQ-bflC-

hht Bee HaSjnoflaeMbie H3iweHeHHH;

6) cHjibHoe BcecTopoHHee OKaroe npHBO^HT k H3MejibMeHHK> ncxoAHbix

nopouiKOB, KOTopoe 3aBHCHT ot coctohhhh h pa3Mepa MaCTHII. 3to yKa3biBaeT

Ha HeoSxoflHMOcib yMera npn paccMOTpemiH npouecca yruioTHeHHH nopouiKOB

CTa^HH pa3pymeHHH. H3MejibMaeMOCTb nopouiKOB onpeAeJineTCH TaK>Ke reoMeTpneH

npecc4)opinbi h 0Ka3biBaeTCH Heo,ipropo,nHOH no o6be«y o6pa3ua;

b) AecpopMHpyeiwocTb KpHcrajuiHMecKHx Macron, nojiyqeHHbix H3MejibMeHiieM

KpHcrajuiOB, nofl^HHHeTCH npHHHnny MacmTa6Horo ynpoMHeHHH: HaMHiian c

d < 130 mkm ona pacreT c yMeHbmeHHeM hx pa3Mepa;

r) yBejiHueime aaBJieHHH npeccoBaHHH npHEOflHT k BOspacraHHio njiacra-

MecKoro flecJjopMHpoBaiiHH nopouiKOB, npHMeM CHJibHee ae^opMHpyiOTCH nopouiKH

MejiKHX tppaKUHH. Ilponecc pa3pymeHHH HcxoflHbix lacTHii npn npeccoBaHHH

cjiaSo BjinneT Ha hx fleq^opMnpyeMOCTb;
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a) ae(})opMHpyeMOCTb nojiHKpHCTaiuiOB (a Taione hx H3»iejibyaeMOCTb) npH

npeccoBamm ocjiaSeBaer npH flooaBJieHHH b o6pa3eii npHAiecn 6<xnee iuiacrHMHoro

Mapnajia. Porib TaKoro njiacrmJwKaTopa MoryT nrpaTt h noBepxHocnrbie pa3pbix-

jieHHbie dioH caMHx Macrair.

SUMMARY

INFLUENCE OF HIGH PRESSURES ON THE CONSOLIDATION PROPERTIES OF

DISPERSE MAGNESIUM OXIDE POWDER

MARINA M. VLASOVA, SERGEI I. GORBATCHUK, SVETLANA N. GROMYKO, NIKOLAI G. KAKAZEI

VLADIMIR M. MEL"NIK, IVAN N. FRANTSEVICH

Institute for Problems of Materials Sciences, Academy of Sciences of the Ukrainian SSR,

252142 Kiev, USSR

and

MOMTCHILO M. RISTICH

Institute of Technical Sciences, Serbian Academy of Sciences and Arts, YU- 11000 Belgrade,

Yugoslavia

The influence of defects of the crystal lattice on both the width and shape of Mn2+ EPR

lines in MgOwas investigated. The lattice defects cause anisotropics in the widths and shapes

of some lines. In cases of polycrystalline samples this lowers signal amplitudes, causes broadening,

asymmetry and changes in the superfine components in the spectra. It is shown that the sensi

tivity of central transitions of Mn!+ in MgO, in presence of dislocations, becomes two orders

of magnitude higher, compared to X-ray methods of analysis. The obtained results were used

for investigation of the regularities of the pressing process of polycrystalline MgO. It was estab

lished that the deformability of the powder increases with the decrease of the grain size. It was

also found that the decomposition of the initial particles initiates formation of new F-centres.

(Received 11 December 1981)

H 3 B O a

YTHHAJ BHCOKHX nPHTHCAKA HA CnEHHc&HMHOCTH KOHCOJIHJIALIHJE

JIHCnEP3HOr nPAXA MATHE3HjyMOKCH^A

M. B. BJIACOBA, C. H. rOPEAHYK, C. H. TPOMHKO, H. I\ KAKA3EJ, B. M. MEJbHHK,

H. H. <DPAHUEBHM

lliicutuiuyw 3a pa3«oj Maiuepuja.ta AH YCCP, Kuee, CCCP

it

M. M. PHCTH'B.

Huciuuuiyiu iuexmwKux nayxa Cpucxe axadeMuje nayxa u yMeuiHOciuu, Eeoipad, Jyioc.iaeuja

Pa3M0TpeH je yrauaj aecbeKaTa KpiicranHe pemeTKe Ha npoiweHy umpHHe h oSjiHKa juiHHja

EPR Mn2+ y MgO. JIe(peKTH pemeTKe /jouoae flo nojaBe aHH30TponHje mupmie h oGiiHKa no-

je.0HHJix JiHHHja, uito y cjiy^ajy nojiHKpucTajiHHX y3opaKa ycJiOBJbaBa ciwaibeibe aMnjimyae

CHTnajia, noEehajfce KHXOBe mnpiiHe, nojaBe acHMerpHje y cnetcrpy a o6jMi<y C<t> (cynepibiiHux)

— KOMnoHeHaTa. noKa3ano je fla je ocerjiHBOCT ueHTpanHHx npejia3a Mn2+ y MgO y npucycTBy

HHCJioKanaja 3a flBa pe,na Biiuia Hero uito je oceutHBOCT peH;n-eHCKHX Merofla aHanH3e. JIoSnjeHH

pe3ynTaTH HCKopimmeHH cy 3a npoyMaBatfee 3aKOHHTOCTH npecoBaaa nojiiiKpticTajiHor MgO.

yTBpheHo je aa flecbopMaSHJiHocr npaxa pacrre ca CMaibe&eM BeJiHMHHe lecTHua. Otkphbcho

je HHHUirpaH>e F-ueirrapa tokom npecoBaiba, uito je ycraoBjbeHO pa3apaibeM nojia3iiHX (no<jeTmix)

MecTHua.

(npHMJbeHO 11. AeueM6pa 1981)
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<t>yramrreT caTypaunje h KOHcrairra paBHOTOKe KOHflemoBaHO — napHo

craifce Li, Na, K h Cs OApetiitBamt cy yTBp&HBa&eM Tei«nepaTypcKe saBRCHOCTB

flpyror BHpHj'ajiHor KoecpHmijeHTa, mhjh cy napaMerp HonTHMH3npaHH Ha ocHOBy

HfleHnrreTa H3pa3a 3a CTanaapflHy eHTajirmjy HcnapaBaita npeKO III h II 3aK0Ha

TepMOAHHaMitKe. CraHAapflHa ewreuinHja HcnapaBaita hcthx MeTajia 3a pe<pepeHTHy

TejwnepaTypy 298 K oapetjHBaHa je npeKO H3pa3a H3Be;jenHx Ha ocHOBy III h II

aOKOHa TepMOflHHaiHHKe. jo6HjeHe BpeflHocro OBe BenHmme, ca paomaaeM pe-

3yjrraTa oko cpe/nte BpeflHOcra mhoto MaH>HM ofl rpeuiKe oapel)HBaH>a, y nyHoj

cy carjiacHOCTH ca jiHTepaTypHHM BpeflHOCTHivia, noceSHO JANAF noflaimMa. JXhc-

KyTOBaHe cy Ao6HjeHe BpeAHocTH nofleKcnoHeHiwjajmor napaMerpa TcwnepaTypcKe

3aBHCH0CTH flpyror BHpnjajiHor KoecpHUiijeHTa.

npoynaBaite TepMOAHHaMHMKHX KapaKTepHCTHKa paBHOTOKe KOHneH30BaH0

craite — napa ajiKajmux Merana HMa HecyMH>HB npaKTHMHH 3Hanaj, c o63Hpoi«

Ha pacryhy npHMeny obhx Merana koa BHCOKOTeMnepaTypHHX KOHBep-ropa eHepraje,

noce6HO y HyKJieapHoj tcxhhuh.

3acnheHe nape ajiKajiraix Merana npencraBjbajy CMemy iwoneKyjiCKHX Bpcra,

y npBOM peny aToiwa h flBoaTOMCKHX MOJienyjia1, a onpe^HBaite cTaHnapnHe eH-

Tajiimje cySjiKMauiije ajiKajiHHX Merana Av^S,Mi Kao eHTajmHj e nponeca

Me (C, P°, 298 K) Me (g*, P°, 298 K) + Av/f° Me, (1)

oShmho je 6a3HpaHO Ha H3pa3y H3Be,neH0M Ha ocHOBy III 3aKOHa TepMOAiiHaMHKe

AvH^m^TA^-RT In Kv (2)

y Kojvie Kv npencraBJba KOHcraHTy paBHOTOKe KOHfleH30BaHa cyncraHna — napa,

a cp =—(G^.—H%)jT penyKOBaHy Gibbs-oBy (pyHKHHjy.

IlpH TOiwe ce huh 3aHeiwapyje npncycTBO flHMepa y napn, h Kopucrehn 3a

npopanyHe nonarae ca hhckhx TeMnepaTypa, napHa cpa3a Tperapa Kao HAcanaH

MOHoaTOMCKH rac, nana je

Kv=p* (3)

Hnn napHa <pa3a iperapa i<ao HeHAeanaH rac, npn qejviy je KOHcraHTa paBHOTOKe

onpe^eHa paBHOTOKHHM cpyranHTeroM

*WB (4)
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OBaj apyra nocrynaK y3HMa y o63Hp Ha nocpe^aH HaiHH npncycTBO BHineaTOM-

ckhx Mecrima y napaMa3 6-9.

Evans a capaA-1 npncycTBO AHiwepa y 3acnheHHM napajvia ajiKajiHHX Merajia

y3HAiajy y o53Hp Ha Taj humhh uito AvH£,Mei Kao TepnumKH ecpeKaT peaKujije

(1) oape^yjy Kao 36hp

1 12 AVHS,m« + 1 /2AdH§, we. (5)

eHTajirmja nponeca

2Me (C, p°, 298 K) -> Me2 (g*, p°, 298 K) + AVH° Mei

Me2 (g*, p°, 298 K)^2Me (g*, p°, 298 K)+Ad//S,Me,

AvHS.Met ce oape^yje npeno H3pa3a (2) h (3), c thai iuto ce 3a p* y3H»iajy enc-

nepHAieHTajiHO OApet)eHe BpeAHOcra paBHOTOKHor napinijajiHor npHTHCKa abo-

aTowcKe MOJiCKyjicKe Bpcre, a 3a Ad/io,Met cneicrpocKoncKH oapetjeHe BpeflHOCTH

OBe BeaHHHHe1.

y OApet)HBaH.y AvHS,Me, npeno H3pa3a (2) h (3) Hultgren h capaa.4 3a-

CHheHe nape anKajiHHX MeTana Tperopajy Kao HeHAea^aH rac, ^nje ce 3anpe-

mhhcko noHainaibe onncyje jeflHaiHHOM CTaH>a o6jiHKa

Pv=RT+(bplTm)+(cp2IT2) (6)

npn ie»iy ce BpejiHOCTH napaivieiapa b, c h m flo6Hjajy onTHMH3an,HjoM Ha ocHOBy

pejiaHHje

Av//S.Me, = Tb*p-RT]np»-(bp[T™)-(cp*l2T*) (7)

H3Be4CHe H3 H3pa3a (2), (4) h (6). OyranHTCT y jeAH. (2) OApef)eH je npeKO na-

paMerapa jeAH. (6). HaqnH onTHMH3HpaH>a napaweTapa aaje jeAHa^HHH (6) cacBHM

eMnnpHjcKH uapaKTep.

H3 eKcnepHMeHTaimo 0ApeI)eHHX P-V-T noaaTaKa 3a napHy (pa3y Na, K

h Cs, y HHTepBajiy nparacaKa oa 20—3500 kPa h HHTepBajiy TeAinepaTypa oa

950 no 1650 K, Ewing h capaA-2 yTBpl)yjy TeivinepaTypcKe 3aBHCHOCTH BHpHjajiHHx

KoetpHnnjeHaTa B, C h £>. Ha ocHosy nocjieAftHX, Aaicrce, Ha ocHOBy aHajiHTH*n<or

H3pa3a 3a P-V-T Be3y H3BeAeHor H3 AHpeKTHHx Mepeita P, V h T, Kao h Ha oc

HOBy eKcnepHMeHaTa yrapljeHe TeiwneparypcKe 3aBHCHOcni HanoHa nape, npeno

H3pa3a (2) h (4) OApet)yjy AvHSiMe,. Hecy»m>HBO KopeKTaH npopayyH 6a3npaH

Ha eKcnepHMeHTajiHHM MepeH>niwa Hiwa neaocraTaK y TOiwe uito ce oncer npimiCKa

h TeAinepaType y KOMe je yTBpl)eHa 3aBHCHOCT BHpHjajmii KoecpHnnjeHT — tcm-

nepaTypa h oncer TeiwnepaTypc 3a Kojn ce Bpuie npopa*r/HH AvHS,Me, He no-

KJianajy.

OflPE-BHBAIbE TEPMOJIIIHAMHMKHX BEJIHHHHA

3a oApel)HBaH>e cTaHAapAHC emuinHje cy6:iHMau,Hje Ha pec})epeHTHoj tcm-

neparypii r0 =298K Li, Na, K n Cs npHAieiteH je nojeAHOCTaBJteH nocrynaK

KojH cmo nocraBH.iH panHje10-11, nojHM ce HcroBpeiweHO oapel)yje h Teivinepa-

TypHa saBHCHOCT apyror BHpHjajmor KoecpmmjeHTa sacuheHHX napa obhx Merajia

3a oS.iacr TeMnepaxypa Henocpe^HO hoioa HopMajme TeMnepaType KJiywaaa.

3acHheHe nape ajiKamnx weraua TpernpaMo Kao ivvoHoaTOMCKH HeHAeajian

rac HHje sanpewnHCKo noHama^e onncyjeMo BHpujajiHOM jeAHa<JHHOM craaa
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orpaHineHOM Ha Apyra BHpHjajmH Koe4)HimjeHT B. TeopnjcKa pa3iwaTpaH>a

Hill-a3, Kilpatrick-a6 h Sinanoglu-a h Pitzer-a9 noKa3yjy aa je 3a rac KojH nopeA

aTOiwa caap>KH (ppaKipije h>hxobhx BHiueaxoMCKHX Bpcra, Ha noBHuieHHM TeMne-

paTypaiwa, ycrceA H3paweHe AHConHjanHje h aconnjanHje, npiuweHa (popMa^H3iwa

BHpHjajiHHX KoaJ)HUHjeHaTa 3a ciweuiy Kao nejinHy nejmcxoAHHja oa TperapaH>a

cHCTe.wa Kao cjweiiie, Koje HMiumnHpa npHMeny napTHunoHnx (JjyHKintja. Ha

ocHOBy TeopHjcKHx pa^oBa O'Connell-a h Prausnitz-a8 h Woolley-a13 TeMnepa-

TjpcKy 3aBHCH0cr B npeAcraBJbaMO pejiannjoM

B=-aTexp (b[T). (8)

y npopa^yHHMa cy KopniHheHe eKcnepHMeHTanHO yrepljeHe 3aBHCH0CTH

HanoHa nape ajiKajiHHx iwerajia o&JiHKa

lnp«=^+ (p/r)+Ylnr (9)

ca BpeaHocTHMa napaMerapa A, [3, y y3eraM 3a Na, KhCshs pa^a Stone h capaA-12,

a 3a Li H3 KH>Hre KySanieBCKor14.

Oape^HBaH>e Av.H8,Me je BpuieHO npeKO H3pa3a H3BeaeHHx Ha 6a3H III

H II 3aKOHa TepMOAHHaMHKe

Av/^(IH)= rA(p-^rinp8B/)8 (10)

AVH° (II) = -A (tfij.- Hi) + RT2 + T* —I—)■ (11)

H3 nocjieAH^a ^erapH H3pa3a H3BeaeH je H3pa3 3a apyra BHpnjanHH Koe-

(JlHUHjeHT B

B T^(H°T-H$Tby9-RT InP-RQ+yT)

[(1+y) T+p-fc]P

napaiwerpH a h b TeiwnepaTypHe 3aBHCH0CTH apyror BHpnja^Hor KoecpHHHjeHra

Li, Na, K h Cs onrHMH3HpaHH cy nojia3ehH oa ropiter H3pa3a

ln(|B|/r) = lna+6/r (13)

kom6hhob3hom mctoaom npocTHX HTepannja h jiraieapHe perpecnje. 3a nojia3Hy

BpeaHOCT b0 H3payyHaBa ce, npeno H3pa3a (12) BpeaHOcr B0 3a ceaaiw Teinne-

paTypa y TeiwnepaTypHOM oncery oa 500 K hoioa HopiviajiHe TeMnepaType KJby-

Man>a. H3 HH3a AoSnjeHHX BpeAHocra B0, Ha 6a3H H3pa3a (13) mctoaom jinHeapHe

perpecnje OApeljyjy ce BpeAHocra napajweTapa a\ h b\. Ca HOBOAoSnjeHOM BpeA-

Houihy bi H3paMyHaBa ce hobh hh3 BpeAHocra Bi, n3 Kojnx ce mctoaoivi JinHeapHe

perpecnje A0Jia3H ao BpeAHOcrn at n b% hta. HTepannje cy BpineHe ao SAt* 10 5,

npn nejwy je KoecpHnnjeHaT Kop&nannje 3a jinHeapHy perpecnjy jeAHannHe (13)

AOCTH3ao BpeAHocra 0,999.

KopncTehn onraMH3HpaHe bpcahocth napajweTapa a n b (Ta6jinna I) oa-

pel)eHe cy BpeAHocra AvHS,Mei npeKO H3pa3a (10) n (11) H3BeAeHnx Ha 6a3H

III h II 3aKOHa TepMOAHHaMHKe 3a rope noMeHyTnx ceAaM TeMnepaTypa 3a cBaKH
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ajmajiHH Meiaji. Ilpn onTHMH3annjH napaineTapa a h b, a 3antM h npH OApeljH-

Baiiy AvHl KopHinheHe cy BpeaHocro peayKOBaHHX (pyHKUHja H3 TaSjinna JANAF5

3a KOH^eH30BaHO craH>e h craH>e HAeajmor raca mohostomckhx Mecrana Li, Na,

K h Cs, a H3pa»iyHaBaH>a cy BpuieHa Ha pa»ryHapy Varian 73.

TABJ1HUA I TABLE

BpeAHOCTH napaMerpa a h b y TCMnepaTypHoj 3aBHCHocTH B=i(T) h cpefln>e bpchhocth A§//,Mei

Values of the parameters a and b in the temperature dependence B = f{T) and the average

values of AT//2, Met

Meraji

Metal

axlO» bx 10-* AT//J, Mel

(m3/mol) (K) G/mol)

Li 0,02164 17,239 160 558 ± 30

Na 0,17220 10,523 107 877 + 50

K 2,96293 5,201 89 484 ± 188

Cs 1,48163 6,204 76 876 ± 167

KopHiiiheH>eM BpeAHOCTH onTHMH3HpaHHX napaMerapa a h b, npeno H3pa3a

3a OAper)HBaH>e ^yrauHTeTa 3acHheH>a Kojn npoH3mia3H H3 H3jio>KeHor onncH-

BaH>a 3anpeMHHCKor noHamaiia 3acHheHHX napa ajiKajmnx Merajia

ln/»=^+ (p/r)+Ylnr—(aTTlR) exp[A+(P+6)/T] (14)

jwory ce npopawyHaTH, a y Tony o^per)HBaH>a &VH% (III) 3a nojeflHHe TeMnepaiype

npopaqyHaTe cy BpeAHOCTH dpyrauHTera 3acHheH>a, oahocho KOHcraHTe paBHOTewe

KOHAeH30BaHO craae — napa nao MOHoaTOMCKH HenfleajiaH rac auKajiHHx iwerajia.

flHCKYCHJA PE3YJ1TATA

y TaGjiHUH I cy npHKa3aHe cpeaite BpeAHOCTH AvHo,Mei (h3 OAper)HBaH>a

3a 7 TeiwriepaTypa hoioa HopiwajiHe TejvuiepaType KJiyqaita) y3 HajBeha pern-

crpoBaHa OAdynasba BpeflHOCTH paqyHarax npeno III H II 3aKOHa TepMOAH-

HaMHKe. C o63Hpoivi Ha Ta^THOcr noAaTana 3a <p, (H^—H%) h p8 KopmnheHHX y

cbhm npopaiyHHMa, MaKCHMsuiHa Moryha rpeinna H3paMyHaTnx BpeAHOCTH je Be-

ha y oiyuajeBHAia oa perHcrpoBaHHX OAcrynan>a oa cpeAifcHx BpeAHOCTH. Ilpopa-

*iyHaTa H3 rpeuiana BpeAHOcro peAyKOBaHnx (hyHKunja h HanoHa nape, oHa je

3a Li, Na h K <±500J/mol h < 1500J/mol 3a Cs.

JI,o6HjeHe BpeAHOCTH Av//S,Me 3a CBe iweTa^e cy y nyHOM aiaraity ca BpeA-

HOCTHMa obhx BeJiHTOHa HHTHpaHHM y JiHTepaTypH (Ta6jiHua II) He caiwo KaA

ce HMa y BHAy Ta*mocT HaBeAeHHX BpeAHOCTH, Hero h KaA ce y3iviy y o63np oa-

crynafta oa cpeAH>HX BpeAHOcra. YKa3yjeM0 Ha H3BaHpeAHO cjiaraite Hamnx

pe3yjrraTa ca BpeAHoemMa Av//S,Mei H3 HajHOBHjHx JANAF TaSnnna5 (TaGjinua

II). YoiaBaMo, npn tom, j\a cy pacnnaH>a oko cpeAH>nx BpeAHOCTH y HaiueM

cjiyqajy Hajjuaita, ihto je HopwiajTHO noaieAHna e4)HKacHe onTHMH3anHje napa

Merapa a h b Ha ocHOBy Ana er3aKTHa TepMOAHHaivurvKa H3pa3a, npeno ;:ojnx

cy 3aTHM Bpuiemt npopaT/HH. Obo HcroBpeMeHO npeACTaBJba noTBpAy npn-

MeHJbHBOcra ycBojeHor o6jnu<a TeiwnepaTypcKe 3aBHCHocro B, h H3BeAeHnx

H3pa3a 3a (hyranHTeT 3acHheH>a obhx ajiKajiHHx Merajia, a y h3bcchom CMHCJiy

h TeopHjcKHx MOAena Woolley-a13 h O'Connell-a h Prausnitz-a9.
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TABJIHUA II TABLE

BpeaHocra AT//J, Mei y J/mol 3a pe<})epeHTHy TejvinepaTypy To = 298 K H3 pUHHX H3Bopa

Values of AT//2, mcx in J/mol for the reference Temperature T0 = 298 K according to various

sources

H3Bop, Source Li Na K Cs

Hultgren H cap.4 161 940±1670 108 240±630 89 660±210 78170 ±290

Evans a cap.1 160 940 ±410 108 260±210 89 90 -^340 —;

Ewing h cap.2 — 107 200 90 540 76 360

JANAF Ta6jnme5 160 780±1670 107 810 89 200 ±840 76 690

OBaj pafl, this work 160 558 ±30 107 877 ±50 89 484± 188 76 876±167

MerjyraM, y Be3H ca noarceaifcHM iwopa ce KOHCTaTOBara aa ce casto y cnyMajy

K flo6Hja Bpe^HOCT napaiweTpa b Koja je jiHHeapHa dpyHKuiija craHaapaHe eH-

TajinHje flHCouHjaiiHje K2 (bR ^AdH^ Me.) (Ta6jinqa III) Kane to rrpeaBHrjajy

MoaciH Woolley-a13 h O'Connell-a h Prausnitz-a4 Kaa pa3MaTpajy raary CMemy

aTOMa h flBoaTOMCKHx MOJienyjia. H3 Tafjjnme III ce bhah aa cy BpeaHOcra bR

H3BeaeHe 3a Li, Na h Cs Behe oa AaH^Mei h y cBa Tpn cjry^aja 6jmcKe Bpea-

HOCTHMa craHaapaHe eHTajimije aHcoirHjaiiHje no3HTHBHor joHa aHMepa obhx

Merajia (Ad//° Me 2)- IJocjieaifey KOHCTaTaiiHjy TemKO je npoTyiwawrH, ochm Kao

TABJIHUA III TABLE

BpeflHOCT eirrajinKja flHcouHjauHje15 h Bpe;mocTH bR y kj/mol

Enthalpies of dissociation15 and values of bR in kj/mol

Te.wnepaTypHH

oncer (K)

Range

MeTaJi

Metal

bR Adtf0°, Me, Adf/?,Me,

Li

Na

K

Ct

1000 — 1500

700 — 1100

600 — 1000

500 — 900

143,40

87,53

43,26

51,60

99,04 209,80 157,81 ±8,40

94,19 + 2,1073,26±4,10 77,26 ±4, 10

56,76 ±4,20

40,62

53,58±4,2 87,91 ±25,11

46,05 ±6,3738,01

KOHHirHaemiHjy. C apyre crpaHe, ivier)yTHM, Tpe6a pehn aa cmo KopHcrrehH H3

pa3JiHMHTHX H3Eopa BpeaHOCTH peayKOBaHHx (^yHKaHja1-4.5 h TeivinepaTypcKe 3a-

bhchocth HanoHa nape7>12-14 y cyuiTHHH HaeHnraHHM nocTyiiKOM, ao6nnH 3a

Na BpeaHOCTH &VH% h napajvieTpa b Mer)yco6HO aocra c.iH'iHe, npn lejviy je BpeaHocr

bR yBen 6nna 6jiHCKa Ad//°,Na2 (TaSjiHua IV).

BpeaHOCTH noaeKcnoHeHUHjajiHor napaMerpa b TeivinepaTypcKe 3aBHCH0cra

apyror BHpHjajmor KoedpnaHjeHTa napa Na, K h Cs Koje npe3CHrapajy Ewing

h capaa.2 oaroBapajy TeopnjcKoiw Moaejiy Woolley-a13 (bR = AdH^)Mc,), a;iH ca.\io

aKO ce y3Me aa jc Ad#° m« He3aBHCHO oa TeAinepaType. MerjyrHM, naKO Ewing

h capaa.2 oapef)yjy BHpHjanHe KoecpmrHjeHTe H3 eKcnepHiweHTajiHHX Mepcita

P, V h T 3a TeMnepaType oa 1000 ao 1650 K, ohh npw oiiTHAiii3au,Hjn BHpnjajiHHX

KoedpHimjeHaTa noaeKcnoHeHunjajuoiM napajweTpHMa npcaoapet)yjy BpeaHOcrH

nponopuHOHajiHe craHaapaHHM eHTajinHjajvia ancouHjanHje aeoaTOMCKHx, oaHocno
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TABJIHUA IV TABLE

BpcoHocTH Av//S H noaeKcnoHemiHjajiHor napajweTpa b 3a Na npa Kopmnhetby BpemiocTH pe-

flyKOBaHHX 4>yHKimja h TeMnepaTypcKe 3aBHCHOCTM Hanona nape H3 pa3JiHMHTHX H3Bopa

Values of AvHg and the pre-exponential parameter b for sodium from reduced functions and the

temperature dependence of the vapour pressure, according to various sources

H3BOp BpeAHOCTH H3Bop TeiwnepaTypcKe

3aBHCHOCTH KanoHa nape

Origin of vapour

pressure data

peayKOBaHHx tpyHKiuija

Origin of reduced

function values

b bR

(kj/mol)Q/mol) (K)

Ref. 4 Ref. 7 108 700 10 454 86,96

Ref. 4 Ref. 14 109 060 11 770 97,90

Ref. 1 Ref. 7 108 200 10 600 88,17

Ref. 5 Ref. 12 107 880 10 523 87,53

BumeaTOMCKHx Bpcra 3a OK. 36or Tora o6jihk TeMnepaTypcKe 33bhchocth Tpeher

h »ieTBpTor BHpHja^Hor KoecpHimjeHTa obhx ayiopa He oaroBapa TeopnjcKHM

H3BOflHMa Woolley-a13.

yocrajiOM, mhhh HaM ce HajiviaH>e norpeiiJHO aa pa3Jiore 3a BpeAHOCTH noA-

€KcnoHeHUHjajjHHx napaMerapa b Koje cmo 3a ajinajiHe Merajie H3Benn y obom

paay h 3a Koje He Ba>KH jeflHaKOcr Rb h AdH^Met BeweMO ynpaBO 3a TeMnepa-

Typcny 3aBHCHOCT nocjieflH>e BejiH*iHHe.

3AKJtyMAK

3acHheHe nape ajiKajrHHx MeTajia Kao CMema moho3tomckhx h AHaTOMCKHX

qecTHua TperHpaHe cy Kao peajiaH rac Mnje ce 3anpeMHHCKO noHamaifce oimcyje

BHpnja^HOM jeflHaMHHOM orpaHHHeHOM Ha apyra BHpnjajraH KoedpHnHjeirr. 3a

o6jihk TeMnepaTypcKe 3aBHCHOCTH npyror BHpHjajmor KoecpnnHjeHTa ycBojeHa je

€KcnoHeHiiHjajma 3aBHCH0cr Ha ocHOBy TeopnjcKor MOflejia Woolley-a13.

Oaper)eHe cy BpeAHOCTH craHAapaHe eHTajinnje cy6jiHManHje Li, Na, K

h Cs, H3 noflaTana 3a HanoH nape, pe^yKOBaHy Gibbs-OBy dpyHKimjy h penyKO-

Bany eHTajraHjy Ha TejvinepaTypaMa hoioa HopjwajiHe TCMnepaType KJ&yyaiba,

npeKO III h II 3aK0Ha TepMOAHHaMHKe, opHrHHajnmM nocrynKOM ayTopa KojHM

je HcroBpeMeHo yTBpr)eHa TeiwnepaTypHa 33bhchoct flpyror BnpHjajiHor Koecpn-

UHjeHTa h BpeaHOCT cpyranHTCTa 3acHheHe nape obhx Merajia, oahocho KOHcraHTa

paBHOTe>Ke KOHAeH30BaHO — napHO craae.

JIoSHjeHH pe3yjiTaTH AVHS, ca iwajiHM paama&eM pe3yjrraTa oko cpeAH>e

BpeAHOCTH, aiaH<y ce ca .iHTepaTypHHM noAanni«a noceoHO ohhm h3 HajHOBHjnx

Ta6.iHna JANAF5.

,0,o6HjeHe bpcahocth noAeKcnoHemmjajiHor napaAierpa TeMnepaTypcKe 3a-

bhchocth apjTor BHpHjajiHor KoecpHimjeHTa B cy TaKBe na je npoH3BOA bR 3a

K 6jiH3aK BpeAHOCTH eHTa/innje AHconHjanHje AHMepa, rok je 3a Li, Na h Cs

3HaTHO BehH oa OBe BenwiHHe h y CBa Tpn cjryqaja 6:iH3aK eHTannnjH AHconHjauHje

no3HTHBHor joHa AHMepa.

03HAKE BEJ1HMHHA — NOTATION

P — npmncaK, pressure

V, v — 3anpe,MHHa, volume
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T — TeMneparypa, temperature

Z — 4>aKTop KOMnpecafiiuiHOCTH, compressibility factor

G — Gibbs-oBa cpyHKipija, Gibbs function

H — eHTaranija, enthalpy

<p= — (GJ—H°)/T — peflyKOBaHa Gibbs-oBa (bymamja, free energy function

H°—H° — pejryKOBaHa eirrajnmja, reduced enthalpy

B, C, D — BHpnjanHH KoecpHimjeHTH, virial coefficients

A, p, y — KoecpmnijeHTH TeMnepaTypHe 38bhchocth HanoHa nape, vapour pressure tempe

rature dependence coefficients

a, b, c — napanieTpH TeiwnepaType 3aBHCHOCTH BiipHj'ajiHux KoecpHUMjeHaTa, parameters of

virial coefficient temperature dependence

Kv — KOHCTairra paBHOTewce, equilibrium constant

/ — (pyraiDTreT, fugacity

Me — MeTaji, metal

TopifcH HHfleKCH — Superscripts:

o — craHflapflHO craae, standard state

* — HfleajiHO racHO cTaH>e, ideal gas state

s — craibe 3acHheH>a, saturation state

Jloaii HHAeKCH — Subscripts:

o — pecpepeHTHa TeiwnepaTypa, reference temperature

v — iicnapaBajfee, vapourization

d — nHCOimjamija, dissociation

SUMMARY

DETERMINATION OF THERMODYNAMIC CHARACTERISTICS OF THE VAPOUR

— CONDENSED STATE EQUILIBRIA OF ALKALI METALS

momCilo m. STEVANOVIC

The Boris Kidril Institute of Nuclear Sciences, P.O.Box 522, YU-11C01 Belgrade, Yugoslavia

The fugacity of saturation and the vapour — condensed state equilibrium constants of

Li, Na, K and Cs were derived from the temperature dependences of the second virial coefficients

(B); their parameters were optimized by a procedure based on the identity of third and second

law expressions for the standard enthalpy of evaporation. The obtained values with error margins

considerably lower than experimental ones, are in good agreement with literature data, parti

cularly with the ones of JANAF Tables. The obtained values of the pre-exponential factors of

the temperature dependendences of B are discussed.

(Received 16 October 1981)
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Les paramètres optiques de la surface de cuivre polie électrolytiquement

sont déterminés dans la gamme de la longueur d'onde de 0,431 jusqu'à 0,630 \im. Les

equations des calcul des paramètres ellipsométriques A et 4> qui font les corrections des

erreurs provenant de la nonidéalité de la X/4 plaque d'ondes compensatrices sont

données. Par les mesures des paramètres ellipsométriques A et pour les différentes

valeurs de l'angle d'incidence, graphiquement sont déterminés: le principal angle

de 71° et l'angle pseudo-Brewsterienne de 66° pour la surface de cuivre polie élec

trolytiquement. Il est montré que les paramètres optiques peuvent se déterminer

avec une grande précision si les mesures expérimentales de la surface de cuivre

polie électrolytiquement s'effectuent immédiatement après l'électropolissage, dans la

gamme d'incidence l'angle de 55° jusqu'à 85°. Les paramètres optiques obtenus

par les mesures ellipsométriques de la surface de cuivre polie électrolytiquement

sont comparés avec les paramètres optiques donnés dans la littérature pour les surfaces

de cuivre préparées de différents façons et mesurées avec les différentes méthodes.

Il est montré que la méthode ellipsométrique peut servir de méthode très précise

pour déterminer les paramètres optiques et l'état physico-chimique des surfaces

polies électrolytiquement.

Détermination des paramètres optiques d'un métal est de grande impor

tance dans les études des propriétés physico-chimiques de ce métal et son ap

plication comme matériel constructif dans l'industrie chimique et électrique. Les

études optiques ne sont possibles que sur les surfaces plates et brillantes pour

éviter d'une grande part l'influence negative de la réflexion diffuse à cause de

la rugosité de la surface. Aussi le processus de préparation de la surface métallique

est très important et souvent il diffère pour les différents métaux. Les études des

propriétés physico-chimiques des métaux par les méthodes optiques, en vue de

déterminer des paramètres optiques, en générale se rapportent jusqu'à présent

aux surfaces métalliques obtenues sous forme de film suite de l'évaporation du

métal sur une base de quartz. Cette manière de préparation des surfaces métal

liques exige des accessoires techniques plus compliqués qui protègent de l'influ

ence de l'atmosphère pendant les mesures. Comme l'on le sait l'oxygène de l'at

mosphère change considérablement la composition chimique de la surface mé

tallique. Aussi est-il nécessaire d'effectuer les mesures ellipsométriques dans

le vide dont l'influence de l'oxygène est assez diminuée.

Dans nos travaux précédents nous avons montré que l'influence de l'at

mosphère et la formation du film naturel sur les surfaces métalliques électrolyti

quement polies est beaucoup moins manifesté que sur celles obtenues par éva

133
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poration'-2. Au surplus nous avons montré que les déterminations exactes des pa

ramètres optiques sont possibles si les mesures sont effectuées dans l'atmosphère

et si pendant les calculations des paramètres optiques l'on prend en considération

l'épaisseur du film naturel formé 3. Il a été aussi montré chez quelques métaux,

comme par exemple Ti 4 et Al 5, que si pendant les mesures sur leur surface se forme

un film mince dont l'épaisseur ne dépasse pas 2 nm alors ce film n'influe pas con

sidérablement sur les valeurs des paramètres optiques de la surface métallique.

Aussi dans les derniers temps pratique-t-on de plus en plus les études optiques

sur les surfaces métalliques polies électroytiquement.

Dans ce travail les paramètres optiques de la surface de cuivre polie élec-

trolytiquement sont déterminés au moyen des mesures ellipsométriques dans les

conditions ex situ.

PARTIE EXPERIMENTALE

Préparation de l'échantillon. Electrolytiquement pur 99,99% à l'orientation (111) le monocristal

de cuivre est tout d'abord poli mécaniquement rudement au papier d'émeri 600 et ensuite fine

ment au SiC 1200 sur la machine pour la préparation des surfaces planes parallèles. Après le

lavage ultrasonique dans l'alcool méthylique, les échantillons de cuivre ont été poli électrolyti-

quement dans la solution contenant 65% H3PO4. Pendant l'électropolissage la surface de travail

(l'anode) est plongée dans la solution horizontalement entourée de 3 électrodes représentant

les cathodes de Pt plongées perpendiculairement sous forme de résau. L'électropolissage s'effectue

dans des conditions stationaires à la témperature d'ambiant sous la tension de 2 V et le temps

de l'électropolissage de 15 min. Pendant l'électropolissage la nivelation de la surface métallique

et la dissolution du métal se déroulent de sorte que l'on obtient la surface métallique bien définie

et reproductible ayant les mêmes propriétés optiques et structurelles comme le substrat mé

tallique.

Après le polissage électrolytique chaque échantillon est immédiatement lavé ultrasonique-

ment dans l'alcool méthylique et ensuite très vite centré sur l'ellipsomètre avec un mécanisme

spécial et mesuré dans l'air dans des conditions ex situ.

Mesures ellipsométriques. Toutes les mensurations ellipsométriques sont effectuées dans la gamme

de la longueur d'onde de 0,431 \xm jusqu'à 0,630 jim au moyen du manuel „Thin Film Ellip-

someter" type 43603—200, Rudolph Research. Pour chaque longueur d'onde les azimuts des

polarisateur et analysateur sont mesurés dans les quatre zones principales quand la position de

l'azimut du compensateur est fixée à ± 45°.

Le compensateur se trouvait entre le polarisateur et l'échantillon de sorte que sur l'échan

tillon étudié la lumière polarisée elliptiquement frappe et se transforme après la réflexion au

lumière polarisée linéairement. Pour l'intensité minimale de la lumière réfléchie linéairement

polarisée on lit les valeurs d'azimuts des polarisateur et analysateur par rapport à l'incidence

plane. Les mensurations ellipsométriques sont décrites avec plus de detailes dans réf. 6 et 7.

RESULTATS ET DISCUSSION

Les paramètres optiques de la surface de cuivre polie électrolytiquement

se déterminent par les mensurations expérimentales des paramètres ellipsomé

triques A et <\i. Les valeurs de ces paramètres dépendent des propriétés physico-

-chimiques de la surface étudiée et de l'angle d'incidence auquel les mensurations

sont effectuées. Selon les positions de polarisateur, compensateur et analysateur

de chacune des 4 zones principales on calcule les paramètres ellipsométriques

A et 4». Pendant ces calculs il faut prendre en considération les erreurs qui sur

viennent à cause de la nonidéalité de la plaque X/4 d'onde compensatrice. Auss
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est-il nécessaire d'avoir deux paires de valeurs P et A déterminées expérimen

talement dans les deux différentes zones pour la même position du compensateur

Q. Quand le compensateur se trouve devant l'échantillon étudié les équations

suivantes sont valables.

Pour <2=—45° (1 et 3 zone), les valeurs de P et A mesurées expérimen

talement dans la première zone sont P\ et Ai et dans la troisième P3 et A3.

Xg2<\>=-tgA1- tgA3, Cl)

sin {A3- Ai) ■ sin (-P3-Pi-90)

cos A = —
2tg <\i • cos A\ • cos/ls • sin (P1—P3)

(2)

Pour Q=+45° (2 et 4 zone), les veleurs de P et A mesurées expérimen

talement dans la deuxième zone sont P% et A% et dans la quatrième Pi et Ai

cos A =

tg2+=-tgA2- tgA4

sin (Aj—Az) ■ sin (9O-P4-P2)

2tg • cos A2 • cos Ai • sin (P2 —Pi)

C3)

(4)

Les valeurs moyennes de A et données sur le tableau I, pour les zones (1 et

3) et (2 et 4) représentent les vraies valeurs des paramètres ellipsométriques A

et pour la plaque d'onde réelle.

TABLEAU I. Valeurs de A et <|i, calculées par les équations (1—4), pour la surface de cuivre

polie électrolytiquement; X = 0,5461 (i.m, 9 = 70°

Zone P Q A 4 A

1 3,25

93,40

87,65

117,75

-45

+ 45

38,85

114,45 37,18 96,663

2

4

34,80

140,25 37,24

<^m = 37,21

94,16

Am = 95,41

Choix de l'angle d'incidence. Sur la fig. 1 les courbes de A et sont données en

fonction de l'angle d'incidence dans les limites de 30° jusqu'à 87°. Pour les va

leurs de l'angle d'incidence plus basses que 30° il est techniquement impossible

t.0r

 

 

Fig. 1. A et 41 en fonction de l'angle

d'incidence

60 75 90

Fig. 2. Les facteurs de réflexion Rs, Rm

et Rp en fonction de l'angle d'incidence
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d'effectuer les mesures sur notre ellipsomètre de sorte que pour <p=0 A et 9 sont

extrapolés jusqu'à leurs valeurs théoriques de A=180° et 9=45°. Comme l'on

voit sur la fig. 1 à A=90° correspond l'incidence principale <p=71°. Pour cet

angle il exist une coincidence entre le point d'inflexion sur la courbe de A et le

minimum sur la courbe de Sur la fig. 2 les courbes des facteurs de réflexion

sont données en fonction de l'angle d'incidence. Comme l'on voit sur la fig. 2,

Rp a la valeur minimale de 0,5 pour 9 = 66° qui répresente la valeur pseudo-Brew-

sterienne.

Les études semblables ont été effectuées par Weiss8 qui a mesuré le facteur

de réflexion du film de cuivre obtenu par l'évaporation de cuivre pur sur la base

de quartz. Il a obtenu la valeur minimale de 0,51 pour Rp et l'angle pseudo-Brew-

sterien de 67°, valeurs qui sont très proches des nôtres.

On pose le question: Est-ce-que le choix de l'angle d'incidence auquel s'ef

fectuent les mensurations influe considérablement sur les valeurs des paramètres

optiques? Quelques auteurs comme Feachem et Tronstad9, Vasicek10, Martens

et collaborateurs11 croient que l'angle d'incidence influe considérablement. Par

contre autres auteurs comme Emberson12 et Hall13 affirment que cette influence

de l'angle d'incidence sur les paramètres optiques est négligeable.

Sur la fig. 3 sont données les courbes de n et k en fonction de l'angle d'in

cidence. Pour les angles d'incidence plus bas, n et k ont des valeurs un peu plus

grandes. Avec l'augmentation de l'angle d'incidence n et k diminuent au début

hyperboliquement et ensuite ils prennent des valeurs constantes. La dépendance

linéaire, c'est-à-dire les valeurs constantes de n commencent à partir de 55° jus-

 

Fig. 4. Croissance du film naturel sur

Fig. 3. Les valeurs de n et k en fonction la surface de cuivre polie électrolytique-

de l'angle d'incidence ment, présenté par les variations de

A et 9.

qu'à 85° tandis que pour le k à partir de 50° jusqu'à 85°. Sur la fig. 3 on voit claire

ment que pour la surface de cuivre poli électrolytiquement les mensurations ellipso-

métriques à partir de 9= 55° jusqu'à 9 = 85° peuvent s'effectuer parce que dans

cette région les paramètres optiques n et k sont indépendants de l'angle d'inci

dence. Pourtant comme l'on voit dans la fig. 1 les mensurations ellipsométriques

sont le plus sensibles autour du point d'inflexion pour la courbe de A. Les plus

petites variations de 9 provoquent de grandes variations du A tandis que les va

riations de 9 sont moins manifestés parce que dans cette région la courbe de 9

a son minimum. La majorité d'auteurs recommandent qu'il faut effectuer les

mensurations sur Tangle d'incidence qui se trouve entre l'angle principal et l'angle
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pseudo-Brewsterien14'i5. Dans notre cas les mensurations les plus précises sont

entre <p=67° et <p=70°. Nous avons choisi l'angle d'incidence de 70° de sorte

que toutes nos mensurations suivantes sont effectuées à cet angle.

L'évolution du film d'oxyde naturel. Le cuivre exposé dans les conditions atmos

phériques réagit chimiquement avec l'oxygène et sur sa surface se forme spon

tanément un film d'oxyde naturel. L'épaisseur de ce film dépend de la tempé

rature et du temps d'exposition de la surface métallique dans l'atmosphère.

Sur la fig. 4 les variations de A et ^ sont démontrées en fonction du temps

pour la température ambiante de 20°C et la pression atmosphérique. Comme

l'on voit dans la fig. 4 l'allure de A diminue hyperboliquement avec le temps

tandis que l'allure de <J> augmente paraboliquement. Les variations de A avec

le temps sont beaucoup plus grandes que celles de tji. Après 2500 h A varie à partir

de 95,6 jusqu'à 80,5 tandis que 4* à partir de 37,2 jusqu'à 38,5. Les plus grandes

variations de A et ^ ont lieu au début ce qui est en accord avec la théorie de Mott16"18

d'après laquelle l'oxydation et l'évolution du film d'oxyde naturel se déroule avec

les migrations des ions du substrat métallique traversant par diffusion la couche

naturelle déjà formée, par les défauts du film, et sur la surface du film s'exercent

les réactions avec l'oxygène de l'air. A la différence de quelques métaux comme

par example le titanium sur lequel nous avons montré que la croissance du film

naturel est presque complètement arrêtée après 720 h l, pour le cuivre la croissance

du film naturel n'est pas arrêtée même après 2500 h. Cela nous indique que la

réactivité chimique du cuivre est plus grande tandis que sa stabilité contre la cor

rosion est plus petite par rapport à celle du titanium.

On pose la question si nos mensurations ellipsométriques 5 min après l'élec-

tropolissage sont effectuées assez rapidement de sorte que l'épaisseur du film

naturel n'influe pas considérablement sur les paramètres optiques? On peut ob

tenir la réponse en mesurant les facteurs de réflexion pour l'angle d'incidence

de 45°. Selon Burge et Bennett18 pour la surface métallique pure sans oxyde na

turel, si les mensurations sont effectuées à l'angle d'incidence de 45°, la relation

suivante est valable

R\=RV ou R2JRv=i. (5)

L'éxistence du film d'oxyde naturel change ce rapport de sorte qu'avec l'aug

mentation du film d'oxyde le rapport R%IRP est plus bas que 1. Dans notre cas,

au début de la première mensuration ellipsométrique ce rapport était 0,9999 tandis

qu'après 2500 h il était 0,9913. En prenant en considération la valeur de 0,9999

on peut conclure que le film d'oxyde est très mince. Au début de l'expérience

la première mensuration ellipsométrique peut s'estimer satisfaisante pour les

calculs des paramètres optiques de la surface de cuivre polie électrolytiquement.

Paramètres optiques. A partir des valeurs A et mesurées expérimentallement,

on calcule les paramètres optiques: h, ï,h, Rp, Rset Ro donnés sur le tableau II.

Toutes les données sur le tableau sont déterminées en utilisant les équations dé

crites dans réf. 19 qui se rapportent aux substrats métalliques. Quelques auteurs

croient que sur la surface de cuivre se forme un film mince pendant la polissage

électrolytique dans la solution phosphatique. Selon Novak et coll.20 la plus pro

bable composition de ce film est un mélange de CU2O et Cu(H2P04)2-Lcs calculs

de h par les équations de Lorentz-Lorenz pour la longueur d'onde de 0,5461

|im ont donné les valeurs: «(Cu20) =2,7—2,8 et «(Cu(H2P04)2) = 1,8 — 1,9. Les

valeurs de k sont déterminées expérimentallement par Winterbottom21, et pour la
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TABLEAU II. Les promettes optiques de la surface de cuivre pour les différentes longueurs

d'onde et l'angle d'incidence 9 = 70°)

X,u.m Am +- M k — ci n R. J?p Ro O1-10-15 --<j8-10-ls

0,4313 85,75 34,92 0,90 2,08 3,53 3,75 0,82 0,40 0,54 1,03 1,26

0,4422 89,89 34,99 0,94 2,25 4,20 4,27 0,83 0,40 0,57 1,17

1,28

1,42

0,4535 92,80 35,07 0,97 2,38 4,73 4,67 0,84 0,41 0,59 1,57

0,4758 89,77 35,48 0,90 2,26 4,32 4,07 0,84 0,42 0,58 1,12 1,46

0,4867 97,44 35,27 1,03 2,60 5,72 5,38 0,85 0,42 0,62 1,47 1,84

0,4978 97,43 35,73 0,98 2,62 5,89 5,17 0,86 0,44 0,63 1,42 1,89

0,5091 94,67 35,88 0,92 2,49 5,36 4,63 0,86 0,45 0,62 1,27 1,75

0,5312 94,81 37,15 0,80 2,54 5,80 4,09 0,87 0,50 0,66 1,12 1,86

0,5461 95,64 37,21 0,81 2,58 6,00 4,18 0,88 0,50 0,67 1,14 1,92

0,5640

0,5750

95,19 41,81 0,33 2,64 6,90 1,76 0,94 0,75 0,84 0,485 2,17

96,67 41,94 0,32 2,72 7,33 1,79 0,95 0,76 0,85 0,491 2,28

0,5860 99,70 42,38

43,42

0,29 2,89 8,31 1,72

1,24

0,96

0,97

0,79 0,88 0,472

0,341

2,55

0,5982 104,17 0,19 3,17 10,02 0,87 0,93

0,95

3,02

0,6083 106,63

105,80

43,84 0,15 3,32

3,27

11,08 1,01

1,00

0,98 0,90

0,90

0,278 3,31

0,6192 43,81 0,15 10,72 0,98 0,95 0,275 3,21

0,6301 106,24 43,63 0,17 3,30 10,89 1,17 0,98 0,89 0,94 0,322 3,26

longueur d'onde de 0,5461 y.m elles sont: fc(Cu20) =0,0086 et £(Cu(H2PO4)2)=0,0l.

Pour ces données on voit clairement que les valeurs de n pour le film de cuivre

[Cu20 et Cu(H2P04)2] sont assez plus élevées que les valeurs de n pour le cuivre

pur. Au contraire, les valeurs de k pour le film de cuivre sont assez plus basses

que les valeurs de k pour la cuivre pur. Pourtant, si les mensurations ellipsomé-

triques s'efféctuent immédiatement après le polissage électrolytique, par les données

obtenues on peut conclure que n et k du film n'influent pas considérablement

sur n et k du substrat métallique. Celles-çi nous indiquent aussi que le film formé

pendant l'électropolissage est assez mince et son épaisseur ne dépasse pas 2 nm.

Cette hypothèse est vérifiée dans le tableau III ou sont données les valeurs com

paratives prises de la littérature des indices de réfraction n et k de cuivre préparé

à des modes différents et mesurés par plusieurs auteurs selon des méthodes et

conditions différentes. Comme l'on peut le voir sur le tableau III il existe une

grande dispersion des indices de réfraction du cuivre en dépendance du mode

de préparation de l'échantillon et des conditions des mensurations. La plus grande

valeur de n 0,995 est pour la surface du cuivre poli chimiquement tandis que la

valeur plus basse de n 0,741 est pour le cuivre évaporé. En prenant en conside

ration que l'existence d'un film superficiel augmente «, il est évident que la grande

dispersion de n pour la surface de cuivre poli électrolytiquement est provoquée

par l'existence d'un film superficiel a une épaisseur considérable. Notre « a une

TABLEAU III. Les indices de réfraction du cuivre pour la longueur d'onde 0,5461 (xm

n k réf.

Film de cuivre évaporé 0,806 2,14 22

Film de cuivre évaporé 0,741 2,42 23

Film de cuivre évaporé 0,865 2,05 24

Film de cuivre évaporé 0,790 2,45 8

Surface de cuivre polie

chimiquement 0,995 2,41 25

Surface de cuivre polie

électrolytiquement 0,810 2,580 ce travail
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valeur qui se trouve à peu près au milieu entre les valeurs maximales et minimales

données au tableau III, ce qui nous indique que l'application de la méthode ellip-

sométrique au point de vue statistique est tout à fait justifiée. En ce qui concerne

k, l'existence d'un film superficiel devrait diminuer considérablement la valeur

de k. Notre k a la plus grande valeur de 2,58. Nous ne pouvons pas expliquer le

déplacement de cette valeur par rapport aux autres avec l'existence d'un film

superficiel. Si l'on prend en considération que la croissance du film naturel sur

les surfaces évaporées est assez plus rapide que sur les surfaces électropolies2,

il est probable qu'au moment des mesures ellipsométriques l'épaisseur du film

naturel sur la surface de cuivre poli électrolytiquement est la plus mince par rap

port à toutes les autres épaisseurs du fiJm naturel sur les surfaces de cuivre don

nées au tableau III.

CONCLUSIONS

— Le film qui se forme pendant le polissage électrolytique avec le com

position de CU2O et Cu(H2P04)220 n'influe pas considérablement sur l'exactitude

de détermination des paramètres optiques de la surface de cuivre poli électroly

tiquement.

— L'évolution du film naturel influe considérablement sur les parsmètres

ellipsométriques A et ^.

— La croissance du film naturel n'est pas arrêtée même après 2500 h, ce

qui nous indique que les mensurations ellipsométriques sur la surface de cuivre

polie électrolytiquement chez les cenditions ex situ, peuvent dcr.ner des résultats

satisfaisants s'ils s'tfféctuent immédiatement après l'électropolissage.

Remerciement. Les auteurs remercient vivement le Dr. Ing. Dragomir Arsov peur l'aide

permanente à la réalisation de ce travail.

SYMBOLES ET NOTATIONS

P — azimut de polariseur par rapport au plan d'incidence

A — azimut de analyseur par rapport au plan d'incidence

Q — azimut de l'axe rapide du compensateur par rapport au plan d'incidence

A et <J> — différence relative de phase et amplitude relative des deux composants mutuellement

normaux du vecteur électrique après la réflexion de la surface étudiée.

n = n — ik — indice complexe de réfraction

n — indice de réfraction (partie réele)

k — indice d'extinction (partie imaginaire)

e = ci+i£2 — constante diélectrique complexe

<i=<Ji + i<i2 — constante complexe de conductivité optique

Rp — facteur de réflexion parallèle au plan d'incidence

Rt — facteur de réflexion perpendiculaire au plan d'incidence

J?o — facteur de réflexion à l'incidence normale

Rm=(.Rp+ Rt)l2 — facteur de réflexion de la lumière nonpolarisée

X — longueur d'onde

9 — angle d'incidence
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H3BOA

OIITHMKH EIAPAMETra EJIEKTPOIIOJIHPAHE BAKAPHE nOBPIUHHE

JbYEOMHP a- APCOB M flPArAH CJIABKOB

TexHOAOUiKU (jxiKy.nueui u <X>aKyAu2eiu 3a MeuiaAyptuja, yHueepmuieui „KupUA u Meuioduj",

91000 CKouje

OrrraMKH napaMerpu eJieKTponojmpaHe Gai<apne noBpinime oopeljHBaHH cy crmncoMe-

TpHjcKH y TajiacHOM noflpyijy OA0,4313flo 0,6301 (J.m. JUTe cy KopeKmiOHe jeAHa^HHe 3a npe-

paMVHaBaibe ejrancoMeTpHjcKHX napaMCTapa A h ij» npH neny cy y3CTe y o63Hp rpeun<e Koje

Hacrajy ycjiefl HeHfleanHOCTH TajiacHe X/4 nnomme. IlpeKO Mepeaa ejmncoMeTpHjcKHX napa.we-

Tapa A h iji, 3a paanirarre yna;uie yrnoBe, rpacbumuiM nyreM o.ipebemi cy: rjiaumi yrao oa

71° h nceyflo-Brewster-OB yrao on 66° 3a ejieKTponojiHpaHy 6aKapHy noupuniny. IIoKa3aHO

je fla ce oiithhkh napaMerpH ejieKTponojnipaHe 6ai<apne nonpiunne iwory oapeAinn ca dcjihkom

Tawouihy ano ce ejmncoMeTpHjcKa Mepeita H3uo;ie ncnocpc;ino nai<on e;ieKTpono;nipaH>a Kofl

ynaflHiK yrjioBa on 55° flo 85°. OimwKH napaMCTpii ejiemponojuipaHe 6aKapHe noBpiiiHHe

floOiiHcmi ejiHncoMeTpnjcKHM Mepeibmna ynopeljeHH cy ca jiirrepaTypHHM noflauwwa oiitiwkhx

napa.MCTapa oanapHe noBpiiiHHe npHnpeiwaHe Ha pa3JiHHHTe Haume H Mepena pa3JiHwrniM *ie-

TOAHjwa. IloKa3aHo je m ejmnco.MerpHjcKa Merofla iwowe fla nocriy>KH Kao Beonia npemtma Me-

TO«a 3a o;roobiiuau>c oiithhkhx napaMCTapa h <J>H3HHKO-xeMHjcKor crraiba eJieioponojnipaHHX

MeTajiHHX nonpimma.

(IlpHMJbeHO 27. HOBeM6pa 1981)
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Comparing results of the emission srJectrometric analysis of temper cast

samples of the same chemical composition and of different metallographic structure,

we found that the differences in spectral line intensity of the basic element in dif

ferent semples can be reduced when corresponding spark conditions are applied.

We also investigated the surface erosion of temper cast samples of different quality

and observed the evaporation of F, C, S, P, Mn, Si and Cr in the spark plasma

under six different spark conditions. A working nomogram is made for determining

the amount of carbon in temper cast of different quality.

The usual emission spectrometric method for determining the chemical

composition of temper cast does not yield reproducible results, mostly because

of the sample unhomogeneity. The unhomogeneity of temper cast is due to the

metallographic structure of different quality cast. When discharge takes place,

elements, chemical components of the cast, evaporate from the surface of the

investigated sample, which is used as a supporting electrode in the spectrometric

analysis. Thus the unhomogeneity in the cast structure affects the spark plasma

composition and therefore the spectral line intensity. It is known that the heat

conductivity, which in a certain way influences the reproducibility of the results

of the spectrometric analysis depends on the cast metallographic structure. Further,

the nonuniform spark discharge process is a censeque nee of the disturbed symmetry

of the electric field between the supporting end the counter electrode2 due to

small unhomogeneity in the sample electrode. And finally, the erosion velocity

of the supporting electrode material, i. e. of the sample material used fcr the sup

porting electrode, depends strongly on the energy and length of spark discharge3

and on the atmosphere4 in which the discharge takes place. In the case of spec

trometric analysis of cast iron, the problem of the quantitative spectrometric de

termination of the components presents a special problem due to the presence

of a variable quantity of carbon5. Taking into consideration the unsatisfactory

reproducibility of the spectrometric analysis of the temper cast, the same pro

cedure may not be applicable under the identical conditions if the samples have

different structure. In this paper we have investigated the change in spectral line

intensity of a certain number of elements in the temper cast samples, which were

of the same chemical composition but of different metallographic structures.

141
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EXPERIMENTAL

For spectrometric measurements we used the Hilger Polyvac E600 spectrometer and

the Phillips PV 8300 spectrometer. As excitaters for the spark we used the following electric

circuits:

K 1 — 460 V; 10 (iF; 0.10; 0.56 mH

K 2 — 460 V; 20 (iF; 3.1D; 0.06 mH

K 3 — 460 V; 40 (xF; 3.1fl; 0.06 mH

K 4 — 1000 V; 20 (iF; 2.0fi; residual.

K 5 — 1000 V; 20 (iF; 5.0fl; residual.

K 6 — 1000 V; 5 (iF; O.Ofl; residual.

The intensity of the following spectral lines was measured: Fe 187.7 nm and 271.4 nm,

C 193.1 nm, S 181.7 nm and 212.4 nm, P 192.1 nm and 293.3 nm, Mn 180.7 nm, Si 170.3 nm,

Cr 206.5 nm and 267.7 nm.

A series of black temper cast samples of different metallographic structures and of the

same chemical composition is taken from one spoon and cast into metal chills. The samples were

then tempered for a different period of time in order to accomplish the differentiation in structure.

The chemical composition of the investigated elements is as follows: Fe 95.20%; C 2.68%; Si

1.50%; Mn 0.43%; S 0.14%; Cr 0.05%. The metallographic characteristics of the samples used

for investigating the influence of the temper cast structure on the results of the spectrometric

analysis are listed in Table I.

TABLE I. Metallographic characteristics and hardness of black temper cast samples

Hardness

GN/m*

Perlite Ferrite Cementite

Notation Quality % % %

T— 1 CTe L 35 1.32 10 90
 

T— 2 CTe L 45 1.89 95 5 —

T— 3 CTe L 55 2.17 100 — —

T— 4 CTe L 70 3.31 50 _ SO

T— 5 TL 5.10 — — 100

The counter electrodes were made of tungsten and the supporting electrode was made

of the investigated sample. The sparking was performed either in an argon atmosphere or in

vacuum.

RESULTS AND DISCUSSION

The spectral line intensities are photoelectrically recorded and are indicated

through the voltage originating from charging the condensor by the photocurrent.

In Fig. 1 the integral values of the intensities of iron (271.4 nm) are shown as

a function of the sample hardness (Table I) for different excitation conditions

(from K-l ro K-6). The results show that the temper cast samples, although

being of the same chemical composition, do not have the same values of intensities

because they have different structures and thus different hardness. Further, under

same excitation conditions, these samples of different hardness do not have same

changes in intensity of the investigated spectral line of iron. Namely, if excitation

takes place under conditions K-2, K-3 and K-4, the investigated line intensity

of iron gradually increases as the hardness of the temper cast increases. Under

excitation conditions K-l and K-6 the intensity of iron at first achieves a certain

small increase, in samples having an increasing hardness, but then, with the further



EMISSION SPECTROMETRIC ANALYSIS OF CASTINGS 143

increase of hardness, there is a considerable decrease in the line intensity value.

When excitation conditions K-5 are applied, the line intensity of iron at first in

creases as the hardness of the samples increases and then, for hardness values

I ' 1 1 < 1

greater than a certain value, remains almost constant. These results show that

spectral analysis of iron in temper cast of the same chemical composition, but

of different metallographic structure, may not be performed on a basis of a unique

calibration curve.

It is known that the integral values of the line intensity of a certain element

depend on the concentration of the excited atoms, or ions, of the considered ele

ment in the plasma. The amount of iron evaporating from the electrode surface,

together with the other elements, into the spark plasma, depends on the spark

conditions because iron is the basic element of temper cast. The measurement

results of the integral line intensity of iron (Fe 271.4), mentioned above, show

that, under same excitation conditions, samples of same chemical composition

but of different hardness i.e. metallographic structure, have different integral

intensities of the considered spectral line. The surface erosion of the samples

under same spark conditions is not identical. This follows from the fact that

the line intensity of a certain element is also proportional to the atom concen

tration of the considered element in the plasma. Therefore the surface erosion

depends on the hardness i.e. on the metallographic structure of the investigated

sample.

The results shown in Fig. 1 may be discussed considering the sample hardness

and the magnitude of the surface erosion under different spark discharge con

ditions on one hand and the considered line of iron on the other hand. In the case

of damped spark discharge, K-4 for example, the erosion linearly increases as

the hardness of the sample increases. The increase in the erosion magnitude is

followed by the analogous increase of the integral intensity of Fe 271.4. In the

case of oscillating spark discharge, for example K-6, it was noticed that the surface

 

Fig. 1. Spectral line intensities of Fe

271.4 nm as a function of sample hardness.2 3 5

Hordntn, GN/m2
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erosion of the sample does not depend only on its hardness. Namely, in this case,

the correlation between the surface erosion of the sample and the sample hardness

is not linear, and at that, the greater the hardness the smaller the erosion, i.e. the

smaller the intensity of Fe 271.4.

The so called volatility curves, i.e. the spectral line intensity values of Fe,

C, Si, Mn, S and P as functions of sparking time, are determined using the inves

tigated samples of temper cast as the supporting electrode for spectrometric

analysis. Our investigations have shown that, for all considered elements except

carbon, the volatility curves are identical and that they are independent of the

sample hardness. Therefore only the intensity of Fe 271.4 as a function of sparking

time, the so called volatility curve for iron, is shown in Fig. 2 for temper cast sam

ples of different hardness. From the presented results it is evident that with samples

T-l and T-4 the stationary state, i.e. constant value of the considered line intensity

after a certain sparking time period, can not be achieved as in case of samples T-2,

T-3 and T-5. However, these data show that the investigated line intensities change

the least under conditions achieved after approximately 40 s of sparking. Therefore

in our spectometric analysis we chose the first 40 s to be the pre-exposure time

and the next 20 s of sparking time to be the exposition.

 

The values of the line intensities of elements in the temper cast samples

(notations T-l and T-5), for sparking discharge K-4 (damped) and K-6 (oscillating)

are listed in Tables II and III. The line intensity values for C, Si, Mn, S and

P are given with reference to the value of Fe 271.4.

The results from Tables II and III show that, when temper cast T-5 is

used, the ratios of the line intensities of the considered elements to that of iron

are more uniform for spark discharge K-6. For that same case the standard de

viation and the relative standard deviation are smaller. Further, the greatest de

viations are for the carbon lines in samples of different hardness. This may be

explained by the fact that the cast hardness depends on the cementite content

(FesC) in the sample and that the excitation of carbon atoms is smaller in such

cases.

Having in mind the previously mentioned results we discussed the problem

of the spectrometric analysis of carbon in temper cast considering the fact that

it is not possible to use a single calibration curve for temper cast samples of dif

ferent structure. Namely, for this purpose it would be necessary to make one
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TABLE II. Values of the spectral line intensities of a few elements in the temper cast samples

of the same chemical composition but of different hardnesses. Excitation of spectra with sparking

discharge K-4.

Hardness, GN/m2 Fe C Si Mn S P

1.32 2190 1.90 0.52 0.59 0.72 0.19

1.89 2200 1.48 0.66 0.71 0.84 0.20

2.17 2240 1.41 0.68 0.70 0.80 0.20

3.31 2350 1.38 0.66 0.67 0.73 0.22

5.10 2390 1.15 0.65 0.59 0.71 0.19

Standard

deviation 100 0.37 0.06 0.05 0.04 0.01

Relative

standard

deviation (%) 5 21 9 9 5.5 7.5

TABLE III. Values of the spectral line intensities of a few elements in the temper cast samples

of the same chemical composition but of different hardnesses. Excitation of spectra with sparking

discharge K-6.

Hardness, GN/m2 Fe C Si Mn S P

1.32 1770 1.68 0.41 0.48 0.55 0.17

1.89 1740 1.34 0.45 0.55 0.59 0.18

2.17 1740 1.23 0.46 0.51 0.53 0.17

3.31 1700 1.29 0.43 0.50 0.57 0.18

5.10 1150 0.97 0.39 0.36 0.39 0.17

Standard

deviation 35 0.19 0.02 0.01 0.02 0.01

Relative

standard 2 9 4.5 3 3,5 2.5

deviation (%)

calibration curve for each interval of hardness of the material. However, the fact

that when spark discharge K-4 is used, the line intensity ratios C 193.1/ Fe 271.4

are in correlation with the temper cast hardness of the analysed samples (Fig.

 

Fig. 4. Nomogram for determination of carbon in temper cast.
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3), made it possible to construct a working nomogram (Fig. 4) for determining

the amount of carbon in temper cast. Thus we avoid the use of a number of cali

bration curves for the spectrometric analysis of carbon in temper cast.

CONCLUSION

It was found that the difference in structure of the temper cast samples

influences the reproducibility of the spectrometric results and the surface erosion

of the samples under different spark discharge conditions. That is the reason

for the Fe 271.4 line intensity difference in temper cast samples of same chemical

composition but different hardness, or different spark discharge conditions. Sim

ilar results were obtained when line intensities of carbon were considered. It

was found that in the case of K-4 spark discharge there exists a definite correlation

between the hardness of the temper cast samples and the line intensity ratio

<Z 193.1/ Fe 271.4. That made possible to form a nomogram for the spectrometric

analysis of carbon in temper cast of different quality.

H 3 b o a

YTHUAJ CTPyKTYPE TEMnEP-JlHBA HA PE3YJITATE CIIEKTPOMETPHJCKE

AHAJ1H3E OIUlHBAKA

BOUIKO nABJIOBHTi, EOJAH rOJIYEOB h 3KHBOJHH 5KHBAHOB

TexHOAouiKO-MeiuajiypuiKU (fxXKy.iiuew y Eeoipady, <J>a6puKa a.iauiuux juautuna u Auenutfe „Tlouiucje",

Ada u npupoduo-MaiueMaiuuHKU tfiaxy/iiueui y Hosom Cady

HejeflHaKOtrr crpyKType y3opana TeiwnepoBaHor jwBa OApawana ce Ha pe3yjiTaTe cneKTpo-

MeTpnjcKe aHajuwe h n>jixoBy penpoAyKTHBHOcr. EKcmiTauHja cneKTapa je BpmeHa paanHMHTHM

BapHHWHHM KOJIHMa. IlpH BapHHMeiby TBpflHX y30paKa BapHHUOM ocmuiaTopHor THna KOHCTa-

TOBaHO je na crpyicrypa Teianep-jiHBa MaH>e ynme Ha npoivieHe HHTeH3HTeTa cneicrpajiHe Jimmje

rBOK^a Hero aKO ce npHMeHe flpyre Bpcre BapHHMHHX npa>KH>eH>a. KoHCTpyacaH je paflHii no-

MorpaM 3a cneKTpo.\ieTpnjcKo OAper)HBaite yrjMHHKa y TeMnep-jumy pa3JiHmrre crpyKType,

OflHOCHO TBpflohe.

(npiiMJbeHO 26. jyHa 1981 j peBHAHpaHO 19. Aeu.ew6pa 1981)
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JIHJIATOMETPHJCKO nOHAIIIAH>E MARAGING MEJIHKA

EHJLAHA M. AH-BEJIHTi, HAJIA n. BHJIOJEBHTi h HAHA M.

HOBOBHTv-CHMOBHTi

TexHo.ioutKo-MeutaJiyptuKU fancyAuteiu YHueepzuiueuia y Eeoipady, Cup. 494, 1 1001 Eeotpad

(npmvubeHO 16. OKTo6pa 1981)

AHajiH3a flHcpepeHunjajiHHX awiaTOMeTpHjcKHx kphbhx, Koje cy perncrpo-

BaHe npa 3arpeBan.y npeTXOAHO saiouMHHX AHJiaTo.weTpHjckhx enpyBeTa 6p3HH0M

oa 4°C/min ao paanHMHTHx TeMnepaTypa y oncery oa 500 ao 900°, noKa3yje fla

ce (pa3He npoMCHe npH 3arpeBan>y HcnHTHBaHOr Mejunca HcnaiMBajy y Bumy TpH

jacHO pa3ABojeHe KOHTpaKUHje: KOHTpaKUHja I y TeMnepaTypHOM HirrepBajiy 508—

—583°, KompaKUHje II y mrrepBajiy 583—647° h KOHTpaKimje III H3MeI)y 647 h

780°. Ilocjie 3arpeBaH>a ao 700° h bhiuhx TeMnepaTypa, Ha Acuy AH<pepenu,HjajiHHX

AHJiaTo.MerpHjcKHx kphbhx koj'h ce oahoch Ha xjiat)eH>e sanaxca ce AHJiaxainija

noBe3aHa ca aycTeHHTH0-MapTeH3HTH0M TpaHCcpopMainijoM. CarjiacHO ycjiOBHiwa

paBHOTe>Ke ca nopacTOM TeMnepaType 3arpeBan>a ao 780° cMaayje ce caApncaj HHKJia

y nocneAH»e HacTajiHM noApy^juMa aycTeHHTa, a noBehaBa ce KOJinmuia aycrreHHTa

koj'h je cnocoSaH Aa ce npn xjiat)eH>y TpaHCtpopMinne y MapTeH3HT; obo ce hoio-

jtdUM y nopacTy OAroBapajyhe M, TaiKe npn H>eroBoj TpaHccpopMainijH y TOKy

xjial)eH>a y MapTCH3HT h noBehan>y sanpcKHHCKor etpeKTa oBe TpaHCcpopManiije.

y cnyMajy bhiuhx TeMnepaTypa 3arpeBaH>a, Mel)yTHM, M, Tawa npBO onaAa, a

38IRM ce ycrajbyje Kao nocneAHua BsjeAHViajsa&a caApwaja innc-ia h KoSajrra y

aycTeHHTy paajiHMHTor cieneHa jierHpaHocra ; AHJiaTOMerpHjcKH ecpeKaT MapTeH3HTHe

TpaHCcpopMauHje npH TOMe h Aan>e Sjiaro pacre CBe ao 822°, nrro 3HauH Aa ce Ten

npn XJial)eH>y ca obc TeMnepaType nocTHH<e npaicnwHO norayHa TpaHC<popMau,Hja

aycreHHTa y MapTeH3HT. y Be3ii ca (pa3HHM npoMeHaMa Koje ce OAHrpaBajy y hc-

miTHBaHOM leJiHKy npn 3arpeBaH>y, oahocho xjia)}eH>y, croje h H>eroBe yKynHe

aanpeMHKCKe npoMene.

IlocTojehH jiHTepaTypHH noAairH noKa3yjy Aa ce y cBery hhtchbhbho pa^H

Ha o6e36el)HBaH>y iiito oojbhx ynoTpeoimx CBojcraBa MejmKa bhcokc MBpcTohe,

no3Hanix noa hmchom maraging mcjihuh h to iryTeM nposieHe cacraBa, ycjic-Ba

TepMiiMK-e o6pafle h KOAi6nHauHjoi« TonjiOTHor h MexamiHKor flejcTBa. HcroBpe-

MeHO cy Hcrpa>KHBaiia ycMepeiia h Ha ACTajtHa HcnHTHBaaa crpyKTypHHX h <pa3HHX

npojweHa Koje yaiOBJtaBajy H3y3eTHO AoSpe ocoGhhc obhx yejiHKa, a oa iHjer

nomyHor pa3yMeBaH>a h 3aBHCH creneH HCKopHUiheH>a h>hxobhx noTeHtpijaiiHHX

MoryhHocTH y npaicnmHe CBpxe. JlmiaTOMeTpHjcKa MeroAa je y tom avmcjiy Hamna

Beoiwa uiHpoKy npHMeny 3axBajByjyhH H3pa>K.eHHM 3anpei«HHCKHM npoMeHaMa Koje

npaTe pa3JiH*mTe TpaHC^opMamije y maraging yejnmHivia.

HcTpa>KHBaH>a oSyxBaheHa obhm paAOM OAHOce ce Ha AHnaTOMeTpnjcKO

HcnHTHBaibe npoueca crapeH>a h a-y-a TpaHC(J)opMaimje npn KOHTimyHpaHOM

3arpeBaH>y 3ai<aibeH0r maraging ^ejinKa OAa6paHor cacraBa ao pasjiHwnix TeM

nepaTypa h xjiar)en>y ao co6hc TeMnepaType. Bp3HHa 3arpeBaH>a noja je npn TOMe

KopHmheHa TpeSajio je Aa o6e36eAH ah^Y3**01111 MexaHH3aM a->y TpaHcctpop-

Maunje1.
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MATEPHJAJI, TEPMH^IKA OBPA^A H EKCnEPHMEHTAJIHA TEXHHKA

3a HcmrrHBaifce je KopHinheH maraging lejmK Fe-Ni-Co-Mo-Ti mna, cjieaeher xe-

MHjcKor cacTaBa:* C-0,008%; Si-0,09%; Mn-0,02%; P-0,002%; S-0,009%; AI-0,10%; Mo-

-4,68%; Ni-17,77%; Co-7,28% h Ti Ti-0,51%.

AimaTOMeTpHjcKe enpyBeTe (0 3,4 x 50 mm) KajteHe cy ca 820°C/30 min Ha Ba3Ayxy, a

norojH cy 3arpeBaHe y nehn Chevenard-OBor flJuiaTOMeTpa flo paaimMHTHX Te.MnepaTypa h on-

cery ofl 500—900° h xnabeHe flo co6He TeiwnepaType; 6p3HHa aarpeBaifca H3HO«uia jc 4°C/min,

a 6p3HHa xjial)eH>a oaroBapajia je 6p3HHH Xjiat)eH>a nehn AHJiaTOiweTpa.

3a CHHMaibe flHcbepeHUHjajimix AHJiaToiweTpHjcKHX kphbhx KopmuheHa je rjiaBa Hop-

MajiHe oceTJfcHBOCTH ca KoeepHUHjeHToiw noBehaita TeMnepaTypHe oce ki = 150 h KoeebmmjeHTOM

noBehaH>a flywcHHCKHX npoMeHa kz = 300.

AHajiH3a perHcrpoBaHHx flHJiaTOMerpHjcKHX kphbhx, oa Kojnx cy OAaGpaHe

noKa3aHe Ha cjihjjh 1, noKa3yje ^a ce crpyKTypHe, oahocho <pa3He npoMeHe npa

3arpeBaH>y nciiHTHBaHor qejiHKa HcnojbaBajy y BHUy TpH jacHO pa3flBojeHe koh-

TpaKimje: KOHrpaKinije I y TeiwjieparypHOM HHTepBany 508—583°, KOHrpaKUHje

nOCTHTHyTH PE3YJITATH H HjHXOBA flHCKYCHJA

 
po m ago fig an go too eco «oo *c

"soa t

OiHKa 1 Figure CnHKa 2 Figure

JlHcpepemriijajiHe AHJiaTOiweTpHjcKe KpHBe

KOHTHHyHpaHor 3arpeBaiba 3aKan,eHor

maraging MeJiHKa Fe-Ni-Co-Mo-Ti rana

no paanHHHTHx TeiwnepaTypa h xnar)en,a

AO co6He TeMnepaType

yKyrme ay>KHHCKe npoiweHe, A/u>

3aKan>eHor maraging weJiHKa Fe-

-Ni-Co-Mo-Ti mna nocjie kohth-

nyirpaHor 3arpeBaH>a flo pa3.THMH-

thx Te.vinepaTypa h xnaheiba ao

coSHe TeiwnepaType.

Differential dilatometric curves of the

continuous heating up to various tempe

ratures and cooling of the quenched

maraging steel of Fe-Ni-Co-Mo-Ti type

to room temperature

Total length changes, A/u, of the

quenched maraging steel of Fe-

-Ni-Co-Mo-Ti type after the con

tinuous heating up to various tem

peratures and cooling to room

temperature

* OBaj wejrHK HaM je craBHo Ha pacnojiarafte BojHO-TexmwKH hhcthtvt y Eeorpaay,

Ha neMy My ce 3axBajbyjeM0.
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II y HHrqjBajiy 583—647° h KoinpaKirHje III H3Mer)y 647 h 780°. ITpeiwa jmTe-

paTypHHM noflauHMa KoirrpaKUHja I noBe3yje ce ca npoTHU.aii.eM npoueca cra-

pesba y MapTeH3irry, tj. ca H3flBajan>eM (pHHor Tajiora HHTepMerajiHHx (pa3a,

KompaKimja II ca nojaBOM hhkjiom CHpoiwauiHe <x-(pa3e h (pepoMarHeTHe y-

-<pa3e Sorare hhkjiom, a KOHTpaKunja III ca HacrajaiieM aycreHHTa kojh je cnpo-

MaunrajH hhkjiom h kojh je 3a pa3JiHKy ofl nperxoflHO o6pa30BaHor napaMarHe-

THMaH2-8. y Be3H ca npnpoflOM npoueca kojh ce o/ntrpaBajy y 0flper)eH0M tcm-

nepaTypHOM HirrepBajiy croje h oflroBapajyhe fly>KHHCKe npoMeHe; TaKo je hh-

TeH3HTeT KOHTpaionije II (1,66 • 10"3 mm) mhoto Behn y nopeI)eH>y ca hhtch3h-

TeTOM KOHTpaKimje I (0,80 • 10-3 mm), a 3a 13,8% BehH op, KompaKUHje III

(1,43 • 10-3 mm). Ca cjiHKe 1 ce flajte 3ana>Ka pa. ce nocjie 3arpeBaH»a po 700°

h bhhihx TeMnepaTypa Ha fleny flHcpepeHUHjarimix flHJiaTOMeTpHjcKHX kphbhx

kojh ce oaHOCH Ha xjiatje&e jaBJta flHJiaTauHja A/m, a Kao nocjieflnua aycre-

HHTHO-MapTeH3HTHe TpaHapopMaimje.

Ha 6a3H noflaTaKa Koje npy>Kajy jnuiaTOMeTpHjcKe KpHBe, peracTpoBaHe

npH aarpeBaay 3aKaji>eHor MaparnHT *rejim<a po pa3JiH*mTHX TeMnepaTypa h

xjiar)eH>y po co6He TeMnepaType, MO>Ke ce KOHcraTOBaTH cjieaehe:

— yKymie pyxamcKi npoMeHe A/u, Koje y 33bhchocth op TeMnepaType 3arpe-

Ba&a HJiycrpyje cji. 2, HO<a3yjy ce y cbhm cjiywajeBHMa Kao KOHTpaKimj'a.

IIpH TOMe ce y TeMnepaTypHOM noflpy^ijy op 503 po 590°, 36or hhtchshbh-

pa&a npoueca crapeH>a y MapTeH3HTy, H3MepeHa KOHTpaKunja 6jiaro noBehaBa.

Harjin nopacr KOHTpaKimje npn npejiao<y Ha TeMnepaTypy 3arpeBaH>a ofl

615° cBeAOMH o nojaBH aycreHHTa y crpyKTypn ncnHTHBaHor wejiHKa, aok je

CMaH>HBaH>e KoirrpaKUHje Koje ce 3ana>Ka Ha reMnepaiypaMa bhuihm op 680°

nocneflHua flecTa6HJiH3auHje aycreHHTa, Tj. iteroBe CBe noTnyHnje TpaHOpop-

Mannje y TOKy xjiar)eH>a y MapTeH3HT. YoHeHO cMaitHBaH>e KompaKUHje flHJia-

TOMeTpHjcKHX enpyBeTa nocjie 3arpeBaH>a jj,o TeMnepaTypa bhuihx op 792°,

ynpKoc nenpoMeibeHoj flHJiaTaiiHjH Be3aHoj 3a caMy aycTeHHTHo-MapTeH3HTHy

TpaHccpopMauHjy (Kao uito he ce to KacHHje BHfleTH), BepoBaTHO Tpe6a no-

Be3aTH ca pa3Jin*iHTHM creneHOM xoMoreHOCTH aycreHHTa Hacranor Ha obhm

TeMnepaTypaMa, Kao h ca pa3JiHKaMa y cpHHoj crpyKTypn aycreHHTa, a uito

Mowe pa HMa yrHnaja Ha KoecpHUHjeHT H>eroBor repMHiKor CKynji>aH>a npe

3anoiHH>aH>a MapreH3HTHe TpaHecpopMauHje.

— 3aBHCHOcr MB Ta*n<e flecraSmmcaHor aycreHHTa op TeMnepaType 3arpeBaH>a

qejiima, npHKa3aHa Ha cji. 3, noKa3yje ycreapH TeMnepaTypHy 33bhchoct

npoueca Hacrajai&a hhkjiom CHpoMauimijer aycreHHTa (oSoraheHor KoGajrroM)

Kojn je cnocoGaH fla ce npn xjiah)eH>y TpaHC(popMHme y MapreH3HT. TaKo

ce ca nopacroM TeMnepaType 3arpeBaH>a op 700 Ha 780°, Ms Ta*n<a aycre-

HHTHO-MapTeH3HTHe TpaHOpopMauHje noAHH<e ca 98 Ha 296°, a uito roBopn

o H3pa>KeHOM CMafteay caflpnoja HHKJia h noBehaH>y caflpnoja Ko6ajiTa y

nocjieAH>e HacrajrHM nonpyMj'HMa aycreHHTa y obom oryqajy. 3ana>KeHO chh-

HOBaibe MB Ta*n<e npn npejiacKy Ha BHiue TeMnepaType 3arpeBarba, oahocho

3aapH<aBaH>e H>eHe KOHcraHTHe bp-ahocth noqeB on 838°, yKa3yjy Ha npe-

pacnoflejiy aTOMa HHKJia (h KoSajrra) y aycreHHTy pa3JiHMHTor creneHa Jie-

rHpaHOCTH, Koja boah nocTH3aH>y xoMoreHor cacraBa.

— OSsnpoM Ha HHH>eHmry fla flHJiaTOMeTpHjcKH ecpenaT aycreHHTH0-MapTeH3HTHe

TpaHccpopMaunje, Koja ce jaBJba npn xjiar)eH>y ncnHTHBaHor icjiHKa nocjie

3arpeBaH.a po 700° h bhuihx TeMnepaTypa, pacre ca nopacroM TeMnepaType

3arpeBaiba CBe po 822°, aiHKa 4, mowe ce 3aKJbyiHTH fla Ten Ha oboj TeMnepaTypn
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Tpe6a paiyHara ca ;recra6HJiH3aiyijoM TjejiOKymror aycreHHTa, tj. ca H>eroBOM

npaKTHMHO noroyHOM TpaHapopMairnjoM y MapTeraHT npH xjiar)eH>y ao co6ne

TCMnepaType3.

M,»C

200

100

 
4

4

800 *c

Cnmca 3 Figure

riojio>Kaj Mt TeMnepaType 3aKajbeHor

maraging MenHKa Fe-Ni-Co-Mo-Ti

Tima y 3aBHCHOcrn on, MaKCHMajiHe TeM

nepaType KOHTHHyiipaHor 3arpeBaH>a

The position of Ms-temperature of the

quenched maraging steel of Fe-Ni-Co-

-Mo-Ti type in dependance on the con

tinuous heating maximum temperature

Crimea 4 Figure

JlyHCHHCKe npoiweHe npn aycTemrrHo-Map-

TeH3HTHOj TpaHC<popMamijH, A/m, 3ai<a-

JteHor maraging liejnn<a Fe-Ni-Co-Mo

-Ti rana y 3aBiicHOCTH oa HaKciiMajme

TeMnepaType KOHTHHyirpaHor 3arpeBaiba

Length changes during austenite-marten-

site transformation, A/m, of the quenched

maraging steel of the Fe-Ni-Co-Mo-Ti

type in dependance on the continuous

heating maximum temperature

CyiwapHO y3eTO, nocrariiyTH pe3y.aTara noKa3yjy aa je KOpHinheHa flHrpe-

peHiiHjajma flHjiaTOiweTpHjcKa Merofla oiworyhmia ^o6po AeqbHHHcaiie Te.wnepa-

TypHHX HHTepBajia KapaKTepHCTH^tHHX <pa3HHX npoMeHa noje ce OflHrpaBajy y

nperxoflHO 3aKajBeHOM maraging Mejimxy tokom 3arpeBaH>a ManoM 6p3HHOM a,o

pa3jiHMHTHx TeivinepaTypa h xjiar)eH»a j\o coSHe TeiwnepaType. IlpH TOiwe je o,n,pe-

IjeHa 3aBHCH0CT a->y TpaHcdpopMairnje oa TeMnepaType 3arpeBaH>a, a nocefjHO

TeMnepaTypHa 3aBHCHOcr nojaBe Man>e craSnnHor aycreHHTa kojh je cnocoSaH

aa ce npn xjiar)eH>y TpaHcdpopMHiiie y MapTeH3HT. C thm y Be3H je yTBptjeHa h

MHHHMajiHa TejvuiepaTypa aycreHHTH3amije Koja o6e36er)yje n;ecra6HjiH3anHjy ue-

iioKynHor aycreHHTa, Tj. H>eroBy nanryHy TpaHcqbopMaimjy y MapTeH3HT npH

xjiar}eH>y n,o co6He TeMnepaType, a ujto je ofl 3Hayaja 3a npaKTHray TepMHiKy

o6p£yry HoiHTHBaHor yennKa.
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SUMMARY

DILATOMETRIC BEHAVIOUR OF MARAGING STEEL OF THE Fe-Ni-Co-Mo-Ti

TYPE AT A SLOW HEATING RATE

BILJANA M. ANDELlC, NADA P. VIDOJEVlC and NADA M. NOVOVlC-SIMOVlC

Faculty of Technology and Metallurgy, Ubiversity of Belgrade, P.O. Box 494, YU-11001 Belgrade*

Yugoslavia

The analysis of differential dilatometric curves, recorded during the heating process of

previously quenched dilatometric specimens at the rate of 4°/min up to various temperatures

in the range from 500 to 900°C, showed that the phase changes during heating of the steel were

expressed in the form of three clearly distinguished contractions: contraction I in the temperature

interval from 508 to 583°, contraction II in the interval from 583 to 647° and contraction III

between 647° and 780°. After heating up to 700° and higher temperatures, at differential dilato

metric curves of the cooling process, a dilatation connected with the austenite-martensite trans

formation can be observed. In accordance with the equilibrium conditions, the nickel content

in the last formed areas of austenite decreases with the rise of the heating temperature up to 780°,

while the amount of the austenite which can be transformed into martensite during the cooling

process increases; this was expressed in the increase of the corresponding Ms-point during its

transformation during cooling in martensite and an increase of the volume effect of this trans

formation. In the case of higher heating temperatures the Afs-point first decreases, and then

stagnates as a consequence of the equalization of nickel and cobalt contents in the austenite of

different alloying degrees; the dilatometric effect of the martensite transformation therefore

shows further a small increase up to 822°, meaning that only during the cooling process from

this temperature practically a complete transformation of austenite into martensite can be achieved.

In connection with the phase changes taking place in the investigated steel during heating i. e.

cooling, there are also its total volume changes.

(Received 16 October 1981)
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1. Vbor

2. 0;ipel)HBaH>e 6a3a

3. OflpetjiiBaite KHcenHHa

4. Tmpaiuije OKCH^auHoiatx h peayKUHOHHx cyncTaimn

5. FlepcneKTHBa paaBoja KyjioMeTpnjcKHx Merofla y HeBoaemiM cpeflHHaiwa

1. YBOfl

KyjiOMCTpHjcKe TmpauHOHe MeTOfle 3acHHBajy ce Ha Faraday-eBHM 3aKO-

HHAia h npBH cy hx pa3paflHJBi Szebelledy h Somogyi1 1938. rojjHHe. Ohh cy

Ta^a nygjiHKOBajiH cepnjy paflOBa y KojHMa cy oimca™ ochobhc npHHinme AieTOAe

h flajiH nocrynKe 3a oapel)HBaH>e Beher 6poja je£HH>eH>a y BO/ieHoj cpeflHHH.

HaKOM Kpaher 3acroja, KojH je 3araM Hacrao y pa3Bojy KynoMCTpHjcKHX MeTO.na,

OHe cy nooieflJbHX TpHflecer roflHHa AerajBHO H3yqaBaHe h ninpoKO npniweifcHBaHe

jep noKa3yjy HH3 npeHMyhcraBa Ha/i KjiacHmiHM BOJiyMerpHjcKHM h hckhm (pH-

3HMKOXeMHjCKHM MCTOflaMa aHajIH3C

KyjiOMerpHjcKHM Meroflaiwa, 3axBajbyjyhH ejieicrpoxeMHjcKOM Ao6HBan.y

peareHaca y HcnHTHBaHHM CHcreiwHMa c bhcokhm npoueirroM HCKopHiuheH>a crpyje,

*iory ce aHajiH3Hpara pacTBopn hhckhx KOHueHTpanHja h onpexmn Majie kojih-

HHHe cyncraHUH c bcjihkom Ta^HOiuhy h aoGpoiw penpoayKTHBHOinhy. IlpH h>h-

xoBoj npHMeHH He nocrojH noTpe6a 3a KopHmheH>eiw CTamiapflHHX pacTBopa

THTpanHOHHX cpeacraBa h lecTHM npOBepaBaH>ejw h>hxobhx KOHn.eHTpau.Hja;

H30craje opeKaT pa36jia>KHBaifea h oceraHja npoiweHa cacraBa pacTBopa y TOKy

pafla, yaiea *iera cy flo6nBeHe THTpanHOHe KpHBe penpo;ryKTHBHe h no o6jiHKy

h no BejiHHHHH; Mory ce kophcthth h Hecra6HJiHa THTpanHOHa cpeACTBa, ano

oHa 6p>Ke pearyjy ca aHajiH3HpaHHM cyncraHnaMa oa pacrBapaua. To je oa H3y-

3CTHor 3HaMaja, Ha npHJwep, npn peflOKC-THTpauHjajwa c jaKHM OKCHaauHOHHiw

h peflyKUHOHHM cpeACTBHMa y HeBOflemiM cpeAHHaMa. Ochm Tora Kao THTpauHOHO

cpeacTBO npH KyjiOMCTpHjcKHM OApeljHBaifcHMa y HaBeaeHHM pacrBopHMa Mory

ce ynoTpeSHTH h MHora HeopraHCKa OKCHflanHOHa h peayKUHOHa cpeacTBa, Koja

ce npn BOJiyMerpHjcKHM oApe^HBaftHMa y BoaeHoj cpeflHHH npnMeityjy Kao

craHflapflHe cyncraHne, a Koja ce y HeBOfleHHM pacTBapa™Ma c.iaoo pacTBapajy.
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IIpHMeHOM noroAHHX MeroAa 3a AeTeKUHjy 3aBpume Ta*n<e, KyjioMerpHjcKii

nocrynuH oApet)HBaH>a Mory ce juiko ayroMaTH30BaTH. To oiworyhaBa aiixoBy

iipHiweHy h npn aHajiH3H npoToqHHX CHCieMa KopHiuheH>eM jeAHOcraBHHx h pcia-

thbho jecJiTHHHx anapaTypa. Obhm Meroaaivia Mory ce oapcahth h (pH3H*n<oxc-

mhjckh napaMerpH.

Ep3H pa3Boj KyjiOMerpHjcKHX raTpau>ioHHX MeroAa y HeBOfleHHM cpeAimaMa

HHcy cnpeTOJie hh HeKe TeuiKohe npn h>hxobom H3BoI)eH>y, Kao urro cy: bciiikh

OTnOpH HCnHTHBaHHX CHCTCMa, LUTO H3HCKyje KOpHUlheifce BHCOKOHanOHCKHX

CTpyjHHX H3Bopa qaK h npH cna6oj CTpyjii y reHepaTopcKOM KOJiy; cnopocr yc-

nocraBJbaaa noTeHnnjana Ha craKJieHoj h na hckhm ApyruM ejienrpoflaMa y mho-

thm opraHCKHM pacrBapamiMa ; yTHuaj ejieicrpHMHor nojta reHepaTopcKHx ejiei<-

TpoAa Ha paA HHAHKaTopcKHX cjieicrpofla irpn noTeHUHOMCTpHjcKOM o^pet)HBaH>y

3aBpume TaiKe.

)Kejba Haiw je Aa y obom nperneay npm<a>KeMO pa3Boj h npHMeHJBHBOcT

KyJiOMerpHjcKHX TiiTpaHHOHHX MCTOAa y MeuiaHHM h HeBo^eHHM pacTBapa^HMa,

y Kojoj cy o6jiac™ Hcrpa>KHBaH>a 3HaMajaH AonpHHoc Aajm h Hamn HaymiH

paflHHHH.

2. OaPETiHBAIfcE EA3A

HeBO^eHH pacTBapa»m yTHuy He caiwo Ha pacTBopjtHBOCT cyncTaHu,n h

HaHXOBe KHcejiHHCKO-6a3He oco6hhc, Beh oceTHO npoiunpyjy h noMepajy h oojiacra

noTeHHHj'ajia y KojHMa ce Mory bpujhth Mepen>a. OTyaa y thai cpe^HHaMa omo-

ryheHO je HcnHTHBaH>e ejieicrpoxeMHjcKor noHaniaifca Beher 6poja jeAHH>eH>a

Hero y boah h pa3paAa nocrynaKa 3a itHXona KyjioMerpHjcKa OApe^HBaaa. IIoa

noroAHHM ycjioBHMa paAa hckh oa HeBOAeHHX pacTBapa^ia aHOAHO ce OKCHAyjy

ocno6al)ajyhH boaohhkobc joHOBe c 100%-hhm HcnopHuiheibeM crpyje, urro je

oa SHa^iaja npn THTpaimjH 6a3a. Tano Ha npHMep eneKTpojiH30M pacTBopa cpe6po-

-nepxnopaTa2, hjih ajmajiHHX nepxJiopaTa3-4 y aueTOHHTpHJiy na imaTHHCKoj

ejieicrpoAH rpaAH ce nepxjiopHa KHcejmHa. Vedel h Tremillon3 CHH>iaH>eM /—

— E KpHBHX cy HauuiH Aa ce noMeHyra pacreapaq y npHcycrBy HaTpHjyM-nep-

xnopaTa OKCHAyje Ha oko 2,5 V y3 Hacrajaae boaohhkobhx joHOBa h AHunjaHa

no peaKUHjajvia:

2 CHsCN - 2e -> (CH2CN)2 + 2H+

HJIH

2 CH3CN + 2 C104- - 2e -> (CH2CN)2 + 2 HCIO4.

Billon4 je npn AOAan<y boac pacTBopHiwa ajiKajunix nepxjiopaTa y aueTOHHTpHJiy

3ana3HO noMepaibe noTeHUHjajia OKCHAaiuije Ha aHOAH Ka HeraTHBHHjHM BpeA-

HOCTHMa. Oh je npeAJio>KHO h cjieAehy cxeiviy rpat)eifca nepxjiopHe KHcejiHHe

y Beh noivieHyTOM ochobhom ejieicrpojiHTy :

C104 -e -+ C104-

C104- + CH3CN->HC104 + -CH2CN

2 CH2CN -> (CH2CN)2

Cmvmo TOMe h aHOAna oKCHAannja 6e3B0AHe cupherHe KHcejiHHe y npn-

cycTBy ajncajiHHx aneraTa na imaTHHCKoj ejieicrpoAH je cjioSoAHopaAHKajicKa

peaionija5""7 h Bpum ce c bhcokhm nponeirroM HCKopitmheH>a crpyje no cjieAehew

MexaHH3.wy :
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CHsCOOH - e -> CH3COO- + H+

CH3COO -> H3C- + CO2

2 H3C- CH3-CH3

(1)

(2)

(3)

Mather h Anson8 cy npoynaBajin ejiei<TpoxeMHjcKe peararnje Ha rtnaTHH-

ckhm ejieicrpoAaMa y pacTBopy HaTpHjyiw-nepxjiopaTa y cmcch cHpheTHe KHcejiHHe

h ibeHor aHXimpnaa xpoHonoTeHiBiOMCTpHjcKOiw MeroflOM. IlpH Toiwe cy HaiUJIH

aa ce Ha naTOfln H3flBaja racoBHTH boaohhk, a Ha HeraraBHHjHM noTenunjattHMa

h ejieMeirrapHH HaTpHjyM Kojn ce HaKOH Hcioty^niBaHsa crpyje pacTBapa. Hcto-

BpeaieHO ce Ha aHOflH OKcniryjy cnpherHa Knce^HHa no jeflHannHaAia (1—3) h

h aHXHflpnA cnpheTHe KHcejiHHe no cxesm:

HacTajiH aneroKCH paAHKann 6p30 ce pacnaaajy no jeflHatiHHaMa (2 n 3), a ane-

THJiHjyM joHOBH pearyjy ca CHpheraoM khccjihhom oc:io6al)ajyhH bo^ohhkobc

joHOBe :

HaBeaeHe peannnje yKa3yjy Ha 100%-ho HCKopHuiheH>e crpyje npn floSnBaiby

boaohhkobhx joHOBa. MehyTHM, aneTHJiHjyM-joHOBH pearyjy n ca aHXHflpmioM

cnpheTHe KHcejiHHe flajyhn KOHfleH3anHOHe npon3Boae cjiaSo khccuhx ocoSnHa,

kojh ce He Mory THTpoBaTH aneTaTHHM joHOBHMa. Ha ocHOBy Tora ayropH pa^a

ciwaTpajy #a ce KyjiOMeTpHjcKe THTpaunje 6a3a y awecn cnpheTHe KHcejiHHe h

H>eHor aHXH^pHfla He Mory bpuihth, ano ce pa3Bnjan>e bo^ohhkobhx joHona

Bpiim oKCHAannjoM pacTBapa^a Ha iuiaraHCKoj aHOfln. Cejw Tora ejieKTpoxeiwnjcKa

OKcnaannja cnpheTHe KHcejiHHe n H»eHor aHxnupnfla Bpmn ce npn bhcokhm

BpeflHOCTHMa noTeHunjana, uito owioryhaBa n anpeKray peaKnnjy MHorax th-

TpoBaHHx cyncraHnn Ha ano^n reHepaTopcKor nojia.

y nnJBy npeBa3HJia>KeH>a obhx TeniKoha npn KyuoMeTpnjcKoj THTpannjn

6a3a y Beh noMeHyniM pacTBapatmjwa ejiercrpoxeMnjcKO floSnBaite boaohhkobhx

joHOBa Bpmn ce OKCHflannjoM noroflHHX ejieKTpoaKTHBHnx jeanH>en>a. Tano je

Beh Streuli9, kojh je 1956. roflHHe npBH Bpmno KyjioMeTpnjcKO o,nperjHBaH>e

6a3a y HeBO/jeHoj cpe,HHHH, BOflOHHKOBe joHOBe floBnBao oKCHAannjoM BOAe

Ha nnaTHHCKoj aHo^n. Ilpn TOMe Kao ochobhh eneKTpojiHT ynoTpefino je pacrBop

.THTHjyM-nepxjiopaTa (LiClC>4. 3H2O) y aneTOHHTpnjiy (0,05 mol/dm3), kojh je

ca^pnoBao 0,3% BOfle. Oh je nofl thm ycnoBHiwa p,o6no aoSpe pe3yjrraTe OApe-

fiyjyhH ann(baTnnHe aMHHe, aok npn THTpannjn apoMaTinmnx aMHHa pe3yjiTara

cy 6hjih hh>kh h #0 10% op, o^eKHBaHnx, BepoBamo yoiea KbnxoBc oKcnaairnje

KHCeOHHKOM HaCTaJIHM ejieKTpOJIH30M BOAe:

OBy TeuiKohy npeBa3Hinjm cy Hanselman n Streuli10 AQ^aTKOM xnapoxHHOHa

(aHTHOKCHMaHca) aHojiniy npe no^eTKa THTpannja, i<ojn Beayje KnceoHHK na

ocHOBy peannnje:

Ochm Tora hcth ayTopn HarnaniaBajy aa ce noMeHyro je,ziHH>eifce MOH<e ejieKTpo-

xeMnja<n OKcnflOBaTn Ha no3HTHBHo nojiapn30Banoj njianiHCKoj ejiei<Tpo/;H na-

jyhn BOflOHHKOBe joHOBe y KBaHTHTaTHBHOM npnnocy:

(CH3CO)20 - e -> CH3COO- + CH3CO

CH3CO f CHsCOOH -> (CH3CO)20 + H+

2 H20 - 4e 4 H+ + O2

H2Q + 1/2 02 -> Q + H2O
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H2Q - 2e -> Q + 2 H+

HeuiTO Kacraje Mather h Anson11 cy HOiHTHBajm yaiOBe 3a KyjiOAierpHjcKO

oflpel)HBaH.e 6a3a y pacrBopy HaTpHjyM-nepx.iopaTa y cMecu cHpherae KHcejiHHe

h H>eHor aHXH^pHfla (1:6). IIpH Tosie cy HauijiH Aa ce pa3BHjaH>e boaohhkobhx

joHOBa OKCHflauHjoM ocHOBHor eneKTpojiHTa Ha ruiaTHHCKoj aHOAH Bpiini c 95%-

hhm HCK0pHiirheH>eM crpyje. Ohh cy, MefiyraM, floSpe pe3yjiTaTe ao6hjih npn

THTpaimja Majinx KOJiHtniHa HaTpHjyM-aueTaTa h KajmjyM-6H(pTajiaTa upHjvieHOM

HCHBHHe aHOAe> a HacTajaae boaohhkobhx joHOBa o6jauiH>aBajy oieaehuM pean-

unjaMa :

2 Hg + 2 CHsCOOH - 2e -+ Hg2(CH8COO)2 + 2 H+ (4)

Hg + 2 CHsCOOH - 2e -> Hg(CH3COO)2 + 2 H" (5)

2 CHsCOOH - 2e -> (CH3CO)20 + 1/2 02 + 2 H+ (6)

2 CHsCOOH - 2e -> C2H6 + 2 COz + 2 H+ (7)

rio h>hxobom MHiujBeiby peaiapija (4) je npHopHTeTHa, a.™ HarjiamaBajy aa ce

h npn ocrajiHM peaKimjaiwa (5—7) crBapajy boaohhkobh johobh y KBaHTHTaraB-

hom npHHOcy. HeuiTO KacHHje Durand h Tremillon13 fleiajbHO cy HcrarrajiH

noHamaae h peaKiwje >khbhhc ejierapoae y CHpheraoj KHcejniHH h y aHXHAPHAy

cnpheTHe KHcemrae.

Mather h Anson11 yKa3ajiH cy h Ha iworyhHOCTH ao6HBaH>a boaohhkobhx

joHOBa y noMeHyToj awecn pacrBapaqa OKCHflauiijoM noroAHHX opraHCKHx jeflH-

H>eH>a Ha ruiaTHHCKoj aHOAH, ajra cy bpihhjih caiwo npejiHMHHapHa HcmmiBaifca

Ca XHAPOXHHOHOM.

y oboj oSjiacTH Hcrpa>KHBaH,a 3HaqajaH AonpHHOc cy aajra BajraHA h ca-

paflHHHH oflpehyjyhH noTeHHHjane OKCHAairnje >KHBe h aHOflHHx AenojiapHsaropa

CHHMaaeM / — E kphbhx rniaraHCKe aHoae y pacTBopmia noroAHHX cacTaBa16-

23,27,89j H pa3pa£0M hobhx nociynaKa 3a KyjioiweTpHjcKa OApefjHBaita 6a3a14-

15,17,19,38,39 TJpH T0Me 0HII cy HauiJIH16 fla Ce XHflpOXHHOH OKCHAyje Ha OKO

1 V HeraTHBHHjeM noTCHHHjajry oa aueTaTHHX joHOBa y pacrBopy HaTpnjyM-nep-

XJiopaTa (0,1 mol/dm3) y CMecH CHpheTHe KHcejiHHe h H>eHor aHXHAPHAa, a npn-

6jth>kho Ha 1,5 V HeraTHBHHjeM noTeHUHjajry oa noTemnijarta pa3JiaraH>a aueTO-

HHTpHJia. TaKBHM ejieKTpoxeMHjCKHM noHauiaaeM noMeHyTor jeAHHbeita »io>Ke

ce h o6jacHHTH H>eroBa npHMeHa 3a aHOAHO AoCHBaite boaohhkobhx joHOBa npn

Ky^OMerpHjcKHM THTpaunjaMa 6a3a y cjieAehHM pacTBapamiMa : cnpheTHoj KHce-

jihhh18, CMecH cnpheTHe KHcejiHHe h aHXHAPHAa CHpheTHe KHcertHHe16.17-19-39.48,

CMecH npoiMOHCKe KHcejniHe h H>eHor aHXHAPHAa21-22-38, aHeTOHHTpHJiy16-23'28-39

h AHMeTHJicyji^OKCHAy45- MoryhHOcr reHepHcaaa boaohhkobhx joHOBa ejieicrpo-

OKCHAanjijoM nnporanojia A0Ka3aHa je THTpainijoiw HaTpHjyM-aHeraTa y cnpheTHoj

KHcejiHHH27. Ochm Tora h Apyra opraHCKa jeAHH>eH>a (acKop6HHCKa KHcejiHHa,

HacJyrojiH, thojhi, hta). oKCHAyjy ce Ha ruiaTHHCKoj aHOAH ocjioSafiajyhH boao-

HHKOBe joHOBe c bhcokhm npoueHTOiw HCKopHmheaa crpyje. OHa cy, TaKobe,

c ycnexoM npHMeiiHBaHa 3a Ao6HBan>e boaohhkobhx joHOBa npn THTpauHjH

6a3a y neBOAeHHM pacTBapa*iHMa39.

PacTBapaH>eM >khbhhc aHOAe 3aAOBOJi>aBajyhH pe3yjrraTH cy aoohbchh y

CMecH CHpheTHe KHcejiHHe h H>eHor aHXHAPHAa11'12'14'15'17'21-38-89, Kao h y aue-

TOHy39. Ahoahom OKCHAaunjoM BOAe oiworyheHa je KyjioMerpHjcKa THrpanHja

6a3a y aHeTOHHTpmry9'10-41, aueTOHy41'42, eTHJieHrjiHKOJiy, rrponHJieHrjiHKOjiy,

Kao h y H>HXOBoj civiecH ca z'-nponaHOjiOM48.



THTPAUHJE y HEBOAEHHM CPEAHHAMA 157

rioce6Ho je HHTepecaHTHO HcrahH rpar)eH>e boaohhkobhx joHOBa y KBairrH-

TaTHBHOM npHHOcy eneKTpoxeMHjCKOM OKCHflai^njoM BOflOHHKa, jep ce npH TOMe

cacraB pacrBopa y TOKy THTpaunja jwajio Meita. Ha Ty MoryhHOcr npBH cy yKa3anH

Vedel h Tremillon3 npHnpeMajyhH craHnapaaH pacTBop nepxjiopHe KHcejiHHe y

aHXHflpoBaHOM aqeroHHTpHJiy y npncycrBy nepxjiopaTa Ha ocHOBy peaKHjije:

H2 + 2 CIO4- - 2e -> 2 HCIO4

Bos h capaflHHUH45 KyjioMeTpHjcKy THTpauHjy 6a3a y AHMerHJicyjHpoKCHAy

Bpuie npOTOHHMa AOOHBCHHM &JieKTpOOKCHflaUHjOM BOAOHHKa Ha HJiaTHHHpaHO)

imaTHHCKoj ejieicrpoflH. Ohh cy y irHJBy nocTH3aH>a Ao6pnx pe3yjrraTa racoBHTH

BOflOHHK yBOAHjra y HcmiTHBaHH pacTBOp 10 MHHyTa npe no^erKa THTpauHje.

BepoBaTHH iwexaHH3aM nocTajaaa boaohhkobhx joHOBa Ha ejieicrpoAH no H>Hiwa

MO>Ke ce npnKa3aTH cjieflehHM jeflHa^HHaMa :

H2 -> 2 H(Pt)

H(Pt) -> H+ + Pt(e)

MHxajjiOBHh39 nao reHepaTopcKy aHoay ynoTpefwBaBa MeranHH nanaAHjyiK

nperxoflHO 3acHheH boaohhkom. ripHMeHOM OBe ejieicrpofle opjmwie pe3yjrraTe

je ,ho6ho npH THTpaunjn 6a3a y aueraHHTpimy, aHXHflpHfly CHpheTHe KHcejiHHe,

CAiecH CHpheTHe KHcejnme h H>eHor anxnapHAa, Kao h y KeTOHHMa.

reHepncaH>e boaohhkobhx joHOBa 100%-hhm HCKopHiuheH>eM crpyje MOH<e

ce nocrnhH h anpeKTHOM oKCHnaunjoM Manor 6poja pacrBapa^a (ajiKoxojia40

h m-Kpe30Jia44) Ha aHOAH. TaKO y npncycTBy Kap6aMHfla y ochobhom ejierapo-

.THTy npHnpeMJbeHHM y w-Kpe30Jiy (Hkrez) Bpuie ce oicflehe pearamje npn Ky-

noMerpHjcKoj THTpaHHjn 6a3a (B)44:

karbamid + Hkrez ^ karbamidH+krez- ;zr karbamidH+ + krez-

krez- — e -*■ krez"

karbamidH+ + B ^ karbamid + BH+

3axBaji>yjyhH Aianoj cynepTeH3HjH BOflOHHKa Ha rtriaTHHH pa3parjeHa je h

KyjioMeTpHjcKa peTHTpanHOHa Merofla 3a OAper)HBaH>e 6a3a Ha ocHOBy AHpeKrae

peaiamje boaohhkobhx joHOBa Ha njiaraHCKoj KaTOAH, Kojn nonMy oa AOABTor

BHiHKa craHflapflHor pacrBopa nepxjiopHe KHcejiHHe aH£urH3HpaH0M pacrBopy14-17.

OBa MeroAa, Mer)yraM, mtje oa Beher 3Haqaja, jep ce H>eHOM rrpHMeHOM rySn

je^Ha oa ochobhhx rrpeAHOCTH KyjiOMeTpHjcKHX Merofla — H30craBJbaH>e npn-

ripeMaH>e CTaHflapaHHX pacrBopa.

OruicaHa HaiHTHBaita BpuieHa cy y npHcycTBy anKajiHHX nepxnopaTa,

h.to TeTpaajiKHJiaMOHHjyM-nepxnopaTa, nao npoBOAHHX cojih, Koje OMoryhaBajy

nojiapH3anHjy aHoae ao pejiaraBHO bhcokhx BpeAHOCTH noTeHunjajia, Tj. ao

noTeHUHjajia pa3JiaraH>a pacTBapa^a.

3axBaji>yjyhH aHOAHOM AOOHBaity boaohhkobhx joHOBa c bhcokhm npo-

qeHTOM HCKopHiuheH>a crpyje, oceTJBHBOCT h Ta*mocT KyjioivierpHjcKHX OAper}H-

Baoa 6a3a y HeBOAeHHM pacTBapanHMa 3aBHCH oa oceTJBHBocTH MeTOAa 3a Ae-

Teiauijy 3aBpuiHe TaHKe. Y Ty cBpxy ayropn npBHx paAOBa y OBoj o6jiacTH ko-

PHCthjth cy KJiacHMHy noTeHUHOMeTpHjcKy MeroAy npHMeHOM craKJieHe ejien-

TpoAe9-12. OHa je, MerjyrHM, Kaomje y pejiaraBHO ManoM 6pojy paAOBa rrpH-

MeftHBaHa15.21.38-42.44^46 36or ejieHTprnmor Aejcrea reHepaTopcKor Kojia Ha&eHO
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(J)yHKUHOHMcaH>e, oahocho 36or Heonxoflnocra flHCKOHTHHyajraor ao6HBaH>a

pcareHca, y Ma^HM KojiHMHHaMa, y nenocpeAHoj 6.1H3HHH 3aBpume Tam:c. Ycjiobh

paaa HHcy oceinHje no6ojbuiaim hh ynoTpe6oi« BOjKppaMOBe HHUHKaTopcKe

ejieicrpoae34. Tunc ce h MO>Ke oSjacHHTH BejiHKa aHrawoBaHocr mhoi-hx ayropa

Ha H3Hana>KeH>y MoryhHOcra npHMeHa no3Hanix h Ha pa3pa#H hobhx Merofla 3a

AeTeKinijy 3aBpuiHe Ta*n<e iipn KyjioMerpHjcKoj THTpaimjH 6a3a y HeBOfleHHM

pacTBapaqHMa. 03a Hcrpa>KHBa&a cy nonasajia «a ce noMeHyTe Teiui<ohe Mory

npeBa3Hhn fleTeKUHjoM 3aBpuiHe Ta*n<e (pOTOMerpHjcKHM nerojiama rrpHAieHOM

HHUHKaTopa MeTHjiBHOjicra, KpucTajiBHOJiera, iwajiaxirrH03ejieHor, eo3Hiia htji.14-

16-18,21,23,28-28,2»,3«,38,38,43; OHaAUiepOMeTpHjCKOM MCTOflOM KOpHCTehH XHHXHApO-

HOBe ejieKTpoAe17>19'20'37, aHTHMOHOBe ejieinpofle17.30, 6H3MyroBe eneicrpcvue26,

KanajHe ejieicrpoae29 h BOJKppaiwoBe ejieicrpofle34 ; 6miOTeHHHOMeTpnjcKOM MeroflOM

npHAieHOM xHHXnapoHOBHX ejieKTpoAa30'32-33-35 ; KaTajm-TepMoiweTpHjcKOM jweTO-

AOM15'21'22'24'25-26-29'33'36'38, KaO H flH^epeHUHjajIHOM H flepHBaTHBHOM KaTaJIH-

THMKO-TepMOMeTpHjCKOM MeTOflOM24-38 .

KyjiOMeTpHjcKOM THTpauHjoM y HeBoaeHoj cpeflHHH Mory ce oapeaHTH h

KOMnoHeHTe aneca npHiwapnax h TepuHjapHHX, oahocho ceKyHflapmix h TepuH-

japHHx aMHua23-27. ITpii TOMe yKyraa KOJiHHHHa 6a3a oapeljeHa je y CHpheTHoj

khccjihhh, a KOJiHTOHa Tepunjapnor aMHHa y awecH capheTHe KHceiiHHe h iteHor

aHXHflpnaa HaKOH aqeTmoBaiba npHMapHHX, oahocho ceKyHAapHHx aMHHa, ae-

TeKTyjyhH 3aBpiHHy Ta*n<y AH^epeHiBijajiHOM cpOTOMeTpHjcKOM MeroaoM. Y pa-

CTBapa^HMa c AH(pepeHU,HpajyhHM aejcrBOM Ha ja^HHy 6a3a ao6pn pe3yjrraTH

ce Mory ao6hth npn THTpaiutjH CMeca jannx h cjia6nx 6a3a. TaKO cy Ha npHMep

BajraHA h capa/uraim23,28 KOMnoHeHTe 6nHapHHx cjweca ajiHcparaMHHX h apo-

MaraMHHX aMHHa oflpeflH^H y aiteTOHHTpHJiy Bpuiehn flBe THTpauHje. y npBoj

npoBn, flereKTyjyhH 3aBpuiHy Ta«n<y tpOTOMeTpujcKOM MeroaoM hphmchom eo3HHa,

HauijiH cy Ko.inmiHy ajincpaTHMHor aMHHa, a y apyroj npo6H, oapefjyjyhH 3aBpiUHy

Ta^Ky noiwohy KpHCTa.TiBHOJiera, ynynHy KOjm^HHy 6a3a. HHTepecaHTHO je, TaKol)e,

HcrahH aa ce KyjioMeTpHjcKOM THTpanHjoM y aHxnapaay CHphenie KHcejume

Mory oapeflHTH KOMnoHeHTe CMeca jaKiix n aiaSnx TepuHjapraix aMHHa y ncroj

npo6H aeTeKTyjyhH 3aBpuiHe TawKe OHnoTeHHHOMeTpujcKOM32'33'35, hjih SnaMnepo-

MeTpnjcKOM37 MeTOflOM nOMOhy XHHXHflpOHOBHX eraem-pc-aa.

IlpHMeHOM H2(Pd) reHepaTopcne ejieicrpoae, Tj. OKCiiaaiuijoM boaohhio

Ha najia/uijyinoBoj ejieicrpoaH mra je HOBa iworyhHOcr h 3a oapel)HBaH>e ja^HHe

6a3a y naBeaeHHM pacTBapanHMa39. ITpH Towe THTpaunje cy BpmeHC Ta^HO flo

nocrH3aH>a nojiyHeyTpajiH3auHOHHX noieHUHjajia HcnHTHBaHe h pecjjepeHTHe 6a3e,

a Heno3HaTa p/C-BpeaHocr H3panyHaTa je no jeaHaHHHH:

0,059

y Kojoj je:

PNP8t — nojiyHeyTpajiH3annoHH noxcHUHja^ CTaimap^He 6a3e

PNPX — nonyHeyTpa^H3auHOHH nc-TeHimjaji HcnHTHBaHe 6a3t-

y ynoTpe6ji>eHOM pacTBapa^y

3. OJUPE'BHBAIbE KHCEJIHHA

y Toi<y aocaaaiuHjHX H3Jiarafta cmo bhacjih fla ce peayKunja BoyonHKOBHx

joHona y neBO/ienoj cpeAHHH epmn c bhcokhm npoHeirroM HCKopHiuheH>a ctpyje
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Ha iuiaTHHCKoj ejieKTpoAH14'17'34-37. Ochm Tora ncimTHBaH>a cy ynasajia h Ha

MoryhnocTH KaTOflHor AoGHBaita 6a3a y KBaHTHTaTHBHOM H3Hocy y MetuaHHiw

h HeBOflemiM pacrBapaiHMa. Tni«e cy HcnyaeHH ochobhh ycnoBH 3a pa3paAy

KyjIOMeTpHjCKHX THTpaimOHHX MCTOfla H 3a OApel)HBaH>e KHCCJntHa y H>HMa.

IlpBe noKyuiaje y tom npaBiry y^HHHJiH cy joui 1951. roflHHe Carson h

Ko47. Ohh cy KyjioMCTpHjcKe THTpaimje KHcejimia BpniHJin y CMecn i-nponaHOjia

h Boae (7:3) Ha ocHOBy cne^ehnx KaTOAHHx nponeca:

2 H+ + 2e -> H2

2 HaO + 2e -> H2 + 2 OH~

HeuiTO KacHHje Rosset h Tremillon48 CHHMaiteM I — E kphbhx y CMecn ane-

Tona h Bo^e (8,5:1,5) cy yKa3ajin Ha MoryhHocr cneflehe peaKHHj'e KHcemraa

(HA) Ha KaTOflH:

2 HA + 2e -* H2 + 2 A~

Ha^eHO je, TaKolje, ga ce Herat hcboachh pacTBapa*ra noroflHH 3a THTpauHjy

KHcejmHa peayKHHjy Ha KaTOAH rpagehH 6a3y c bhcokhm hphhocom. TaKO Ha

npmwep, npn peaian-ijH ajiKOxaraa Ha HeraTHBHO nojiapH30BaHoj njiaraHCKoj ejien-

tpoah reHepaTopcKor KOJia pa3BHja ce boaohhk, a HacrajiH jmaT-joHOBH Hey-

Tpa.TH3yjy npHcyrae KHcejiHHe50-56-65 :

2 ROH + 2e -> H2 + 2 RO~

RO~ + HA -> ROH + A"

THAie ce Mome h oSjacmiTH pejiaTHBHO ninpoKa npHMeHa obhx pacTBapaia50,

55-66, HJIH HjHXOBHX CMeca53-56-62'64-65 npH KyjIOMCTpHjCKOj THTpaHHjH KHCejIHHa.

Menihe ce, MetjyraM, ajiKOXojin Memajy ca KeTOHHMa21-22-50-54'61-65, ffimemji-

cpopMaMHAOM59-62-65, 6eH3eHOM53-61'67, hjih ca flpyrHM pacTBapa*mMa50-61. EjieK-

TpoxeMHjcKOM peAyionrjoM m-Kpeaojia y npncycTBy TeTpaerHnaMOHHjyM-nepxJio-

para (TEAP) (0,1 mol/dm3)44, Taitolje ce rpafle jmaT-joHOBH pacTBapana y rajaH-

THTaTHBHOM npHHOcy, no peaKimjn:

2 Hkrez + 2e -> H2 + krez~.

Obo OMoryhaBa h OApe^HBaH>e cjia6nx KHcejiHHa y obom pacraapaqy (j>Ka y

/w-Kpe30jry = 13). Bhcok nponeHaT HCKopHinheH>a crpyje nocrawe ce h npn

ejieicrpojiH3H AHMemiicyjKpoKCHAa y npHcycTBy noroAHe npoBOAHe cojih (0,2

mol TEAP/dm3), aim caiwo npH ynoTpeSn HeraraBHO nojiapH30BaHy njiaTHHHpaHy

nviaTHHCKy eJieiorpoAy. H3flBajaH,e BOAOHHKa Ha H>oj y noMenyroM pacTBapa*ry

Bos h capa/HiHHH'15 oSjaumaBajy cjieflehoM pearamjoM:

O O

t t

H3C—S—CH3 + e -> HaC—S—CH2~ + 1/2 H2.

reiiepHcaH>e 6a3e Ha cjajHoj iuiaTHHCKoj ejiercrpoAH y hctom pacrBapaMy h noA

hcthm ycjiOBHMa nnje KBaHTHTaTHBHO, aim ce Beh no ^oflaTKy 0,1 mol/dm3 m-

-Kpe3o:ia ochobhom ejieKTpojrnTy nocrawe 100%-ho HCKopHuiheite crpyje.

Ycjiobh 3a naTOflHO Ao6nBaH>e 6a3a y ejieKTpoxeiWHjcKH HHai<THBHHM pa-

CTBapawHMa jviory ce o6e36e,iutTH ynoTpeSoM ocHOBHor ejieKTpojmTa noroAHor

cacraBa. TaKO Ha npHMep, npn KyjioMeTpnjcKoj THTpaimjn Kiicejinna y pacrBopy

TeTpa6yriuiaMOHHjyM-6poMHAa y aneTOHy49 h y TerpaxHApocpypany58 Ao6pn pe
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3yjrraTH cy ao6HBeHH caiwo y npHcycTBy 0,2—1% BOfle. EjieKTpojiH30M pacrBopa

KajiHjyM-joflH^a y aueTOHy51'52 H3flBaja ce KajmjyM, Kojn pearyje c chojihhm

oGjihkom pacraapaqa:

2 CH2=C—CH3+ 2 K-»2 CH2=C—CH3+H2 (8)

! I

OH 0-}K+

hhh peayKyje pacrBapaq rpaaehn 6a3HH KajiHjyM-rmHaKOJiaT :

2 (CH3)2C=0+2K (CH3)2C — C(CH3)2 (9)

I I

o- o-

* v '

2K+

IlpHpofla ynoTpe6jbeHe npoBOflHe cojih yrme Ha Bpcry npoH3Boaa KojH

Hacrajy y TOKy ejieKTpojiH3e h y apyrHM pacTBapa^HMa. To cy AOKa3ajiH h Cooksey

h capaflHium56 HcnHTHBaibHMa y j-nponaHOJiy.

KynoMerpHjcKe Tmpaimje KHceiiHHa y HeBO,ueHHM pacrBapaqHAia, ochm

TeopHjcKHX pa3MaTpaH>a, HauuiH cy h iunpony npHiweHy. TaKO je White51,52

HcnHTHBao ycnoBe 3a o,rn>et)HBaH>e yrjbeHHKa y pa3HHM cyncraHijaMa h MaTe-

pHjajiHMa TinpyjyhH yrjbeH-AHOKCHfl KojH je Hacrao h>hxobhm caropeBaH>eM.

IlpH TOiwe je Haiuao aa ynoTpe6ji>eHH ochobhh eJieKTpo.iHT, ochm KanHjyiw-joflHaa,

Tpe6a aa ca^pjKH h iwajiy KOJinraiHy iweTaHOJia, jep yrjieH-AHOKCHA ca h>hm rpaan

MeTHJn<ap6oHaTHe joHOBe:

O

CH3—OH+C02 r= CH3—O—C—6}H+

Kojn 3aTHM pearyjy ca KajinjyMOBHM joHOBHMa H3 6a3a, Hacrajinx no je/tHa^HHaMa

(8 h 9), flajyhn HepacrBopHH KajiHjyM-MCTHjiKapGoHaT :

O O

II _ _ II

CH3—O—C—0}H++ROK+ -> CHs—O—C—OK+ROH.

Mane kojihhhhc yr/beHHKa y qejiHKy Mory ce oflpe^HTH THTpaunjoM 0010-

6of}eHor yr^>eH-flHOKCHAa y j'-nponaHOjiy55, hjih y flHMeTHJi<j)opMaMHfly5759. ripn

TOMe ce, y uwhy nocneiHHBait.a ancopnunje ymeH-HHOKCHAa, ochobhom ejieK-

TpojiHTy flOflajy Majie kojihtohc (3%) eraHojiaMHHa. BepoBaTHe peaKunje Ha

Kojnjua ce 3acHHBajy OBa oflpe^HBaaa npn KopHuiheity pacrBopa TeTpaeTHJi-

aMOHHjyM-6pojvuwa Kao ochobhh ejieKTpojiHT, Metters h capaflHHiui55 npnKa3yjy

cjieflehHM jeflHaqHHaMa:

C02+2 HO(CH2)2NH2 -> (HO(CH2)2NHCOO)-(HO(CH2)2NH3)+ (10)

(C2H5)4NBr ^ (C2H5)4N+Br- — (C2H5)4N++Br-

(CH3)2CHOH+e -> (CH3)2CHO-+l/2 H2

(CH3)2CHO-+(C2H5)4N+ -> (C2H5)4N+OCH(CH8)2-

(HO(CH2)2NHCOO)-(HO(CH2)2NH3++(C2H5)4N+OCH(CH3)2- ->

(HO(CH2)2NH3)+(OCH(CH3)2)-+(C2H5)4N+HO(CH2)2NHCOO-



THTPAUHJE V HEBOAEHHM CPEflHHAMA 161

Kao uiTO ce bhah (peaiamja 10) ynbeH-AHOKCHA npBo pearyje ca eraHOjiaMHHOM.

3aTHM ce i-nponaHOJi peAynyje Ha KaTo/m ca 100%-hhm HCKOpHiuheibeM crpyje

rpaaehH «-nponoKCHAHe jonoBe, nojH HeyrpajiH3yjy nperxoAHO AOOHBeHy KHcejiHHy .

y pacTBopy KajmjyM-joOTfla y AHMeraricpopMaMHAy eraHo;iaMHH mwa y.iory He

casio aa Be3yje yribeH-AHOKCHA> Beh pearyje h ca H3ABojeHHM KarajyMOM Ha

KaTOflH, rpaaehH Gaay57:

K + HOCH2CH2NH2 -> KOCH2CH2NH2 + 1/2 H2 (11)

To je noTBp^eHo h thmc uito ce y oflcycrBy eTaHOjiaMHHa HCKopHiuheibe CTpyje

ca 100% cMaityje Ha 64%. HeyTpajiH3auHOHe npouece H3Mel)y Hacra:iHX npo-

H3BOAa y pacTBopy (je/iHaHHHe 10 h 11) Boniface h Jenkins57 npHKa3yjy cjieaehHM

jertHa^HHaMa :

HOCH2CH2 -NH HOCHzCHe- H-C-OK+2HOCH2CH2NH2

! I l>

C O / NO (12)

I + KOCH2CH2NH2

O- \

HOCH2CH2 - NHs+ NH2CH2CH2 - O - C - OK+ 2HOCH2CHaNH2

II

O

Ohh npeTiiocraBJbajy aa je peaKunja (12) BepoBaraHja.

EjieKTpoxeiHHjcKOM peayKimjoM boaohhkobhx joHOBa Kojn Hacrajy npn

peaKHHjn anyjwHHHjyMa c 8-xhapokchxhhojihhom, MOH<e ce oapcahth KOJiHMHHa

ajiyMHHHjyMa y HcnHTHBaHOM pacTBopy60.

3aBpiuHa TaMKa npH KyjioiwerpHjcKoj THTpaintjH KHcejiHHa oapel)yje ce

e.aeKTpOXeMHjCKHM, (pOTOMCTpHjCKHM H KaTajIH-TepMOMCTpHjCKHM MeTOAaMa. Mhoi h

ayropn npn AHCKOHTHHyajmoM reHepncaity peareHca y Ty cBpxy kophcthjih cy

KjiacHMHy noTeHHHOMeTpHjcKy MeToay npHMeHOM craKJieHe38'44'45-47'49-50'53'54-56'

58,60-65,67 ,, aHTHMOHOBe38 HHflHKaTopcKe ejieinpoAe. y npncycTBy xajioreHHAHHX

joHOBa y aHajiH3HpaHOM pacTBopy Kao ynopeAHa ejieicrpofla Mowe ce kophcthth

h cpe6pHa aHO.ua reHepaTopcKor Ko.ia53.

KoHTHHyanHe KyjiOMerpHjcKe nnpaintje KHcejiHHa Aiory ce bpihhth fleTei<-

UHjoM 3aBpiuHe TaMi<e: 1 ) SHaMnepoMCTpHjcKOM mctoaom noMohy xhhxhapohobhx37,

BOjuppaMOBHx34, boaohhkobhx48 h SHSMyTOBHX61 ~65 ejieKTpoAa; 2) 6HnoTenu,HO-

MeTpHjcKOM mctoaom noiwohy boaohhkobhx ejieicrpoAa48 ; (J)OTOMeTpHjcKOM we-

toaom npHMeHOM HHAHKaTopa MajiaxHTHOsejieHor37, cyAaHa III37 THMOjnuiaBor

38,51,52j gpOMTHMOjmjiaBOr53, 2,6-AHHHTpOAH(peHHJiaMHHa54, THMO.'KpTaiieHHa53 57 H

cpeHO.KpTajieHHa56, h 4) KaTajiH-TepMOMeTpnjcKOM mctoaom38, Koja je paspetjena

Ha 6a3H eraoTepMHe peaKinije rpalje&a AHaueTOHajiKOxojia h eHAOTepMHe

AexHApaTaiDtoHe peaKimje ncror jeAHH>eH>a, Koje npouece KaTajiH3yjy 6a3e.

IlocjieAH>OM MerOAOM Ao6pe pe3yjrraTe cy ao6hjih Vajgand, Gaal h h>hxobh ca-

paAHHUji npn THTpaimjn KHcejiHHa y aueTOHy h y CMecn aueTOHa h AHau,eTOHa.'i-

Koxojia21-22-38.

KyjiOMeTpHjcKe THTpaAHje AHnpoTHHHHx KHcejiHHa, Kao h 0Apel)HBaH>e

KOMnoHeHaTa SHuapmix CMeca MOHonponwHHX KHcejiHHa pa3HHx ja^HHa Mory
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ce BpiiJHTH y rioroAHiui pacrBapaMHMa aereKTyjyhH 3aBpiiiHe Taw KjiaciimiOM

IIOTeHlWOMCTpHjCKOM44'54, 6HnOTeHUHOMeTpHjcKOM48 H 6HaMnepoMeTpHjcKOiw iwe-

TOflOM48-61-65. JleTajbHa HcnHTHBaita y OBoj oGjiacro BpunuiH cy JoBaHOBnh

h ByqypoBHh61-65 npHAienoM 6H3MyroBHX ejieKTpofla 3a flCTCKUHjy 3aBpume

Ta'iKe 6HaMnepoi«eTpHjcKOM Merc-AOM.

4. THTPAUHJE OKCH.0AUHOHHX H PE^YKUHOHMX CynCTAHLJH

IlpH pa3paflH peflOKC-THTpaUMOHHX MCTOA3 y HeBOfleHOj CpeflHHH HajBa>K-

hhjh je 3aaaTaK H36op norc-AHOr pacTBapana. y tom umty cy h OApeljeHe o6jiacrH

paflHHx noTeHUHjajia pacTBapaqa y npncy cTBy npOBOflHHX cojih (c.t. I)128. Yno-

Tpe6j&eHH pacTBapaqH tpe6a: 1) ^a wwajy noroAHe (JjHSH^KoxeMHjcKe ocoBHHe

3
2, . (CHj)2NCHO

]'

3
2, , (CH,)2SO

3, I

V .' I CH,CN

j(CH3)2!

]cH3C

,j(CH3)2CHOH

2* H J C^OHOeV.)

■aO -20 -10 0 10 20 E(V) vs.Ag/AgCI

CjiHKa 1 . 06jiacrn pa/mux noreHwijajia ruianfHCKe ejieKTpofle y neBOAemiM pa-

cTBapawMa y npHcycrBy jiinnjyM-HHTpaTa (1), jiHTHjyiw-nepxjiopaTa (2) h jih-

THjyiH-xjiopH^a (3). KomieHTpainija npoBOflHHx cojih y pacTBopiuvia je 0,1 mol/dm3

(jiht. 128).

Cranny TonjbeH>a, Tanny KJiyiaH>a, bhcko3Hoct hta.), 2) jja cy OTnopHH Ha aejcTBO

jaKiix oKCimauHOHHX h peAyio;noHHX cpeacraBa, 3) fla je pacTBopjtHBOCT opraH-

ckhx h HeopraHCKHx jeAHH»eH>a y H>HMa aobojbho bcjihio h 4) #a cy peaionije

y H.HMa TpeHyTHe, oahocho aoboji>ho 6p3e.

Pa3yAUbHBO je Aa cy rope naBeaeHH ycioBH cajvio peTKo nciryH>eHH, 36or

nera je h 6poj BOJiyiweTpHjcKHX oape!)HBaH.a na 6a3H peaoxc-peaKimja 3aHe-

MapjbHBO MajiH y c-AHOcy Ha pacnpocToaibCHOCT KHcejiHHCKO-6a3HHX THTpau.Hja

y MetuaHHM h hcboachhm pacTBapaHHMa. ToMe cy y 3HaiiajHoj MepH flonpHHejie

H TeuiKohe npH OApel)HBaH>y KHce;iocra HeBOAemix pacTBopa, Heno3HaBaH>e,

oahocho Henoy3flaHOCT Hal)eHiix BpeAHoern KoncraHTH CTaGH.iHocra Harpal)eHHX

KOMnjieKCHHX jeflHH>eita joHOBa h He^oBOJbHo no3HaBaH>e eHeprnje co.iBaTauHje

jonoBa y cbhm pacTBapa^HMa, i<oje bctohiihc ynray Ha CTa6HJiHOCT nojeAHHHx

joHCKHX BpcTa h Ha noTenuHja:ie peaoKC-napoBa. Tai<o jc Ha npHiwep Hal)eHO

Aa je 6aKap(II) jane oKCHflaujiOHO cpe^crBO y AHAieran^opMaiviHAy iiero y bo
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ACHoj cpeflHHH 3axBajbyjyhH rpa^eity KOMnjienca 6aKap(I)-joHOBa ca pacTBapa-

qeM121. TaKo^e, caj«o npoMeHOAi bpcahocth peAOKC-nc-TeHimjajia cucreMa Cu(II)/

/Cu(I) h Fe(III)/Fe(II) iioa ymHajeM pacTBapaqa, uito je h noTBp^eno oape-

JjHBaiieM thx BejiHHHHa, MOM<e ce oSjacHHra MoryhHOcr THTpauHje rBOH<l)a(II)

ca 6aKpoj«(II) y aHMcnun]jopMaMHfly.

YcjiOBH 3a 0flpel)nBaH>e OKCHAauHOHHx h peayKUHOHHx cyncraHHH y Me-

uiaHHM h HeBOfleHHM pacTBapaMHMa no6oji.uiaHH cy pa3pa/ioM KyjiOMerpHjcKHX

THTparpiOHHx MCTOfla. HcTpaH<HBaH>a y obo) oSjiacru sanoHera cy joui 1947.

roflHHe, Kaga je yKa3aHa Ha MoryhHocr c-ApeljHBaifca THOAHniHKOJia SpoMOM y

awecu CHphmre KHcejinne h boac79. noivieHyTH peareHC, kojh ce AoGHBa aHOAHOM

oKciiAauHjoM GpoMHflHnx joHOBa y npHcycrBy 6poMOBOAOHHVHe KHcenHHe76-77,

anKajiHHX SpOMHfla79-96, hjih TeTpaajiKHJiaMOHHjyM-SpoMHAa88,91 y ynoTpeSjbenHM

OCHOBHHM eJieKTpO.THTHMa, MaUiaO jc 38THM uinpoKy npHAieHy. BpOM 6p30 H KBaH-

THTaTHBHO OKCitflyje THO-jeAHH>eH>a79, opraHOAieTajiHa jeAHitsiba80, aviHHe83-88,

ABOXHflpoKCHJiHe cpeHOJie94, xHApa3HHe82-95, xHApa3HAe KHcejuma84.95 h HeopraHCKe

joHOBe96, aAHpa ce na AsorySy Besy76-77'80'81'85-91, cajOkh 3a SpoMOBaite Beher

6poja jeAHH>cH.a89'90.92.93, a pearyje h ca ^Si—H rpynoM87. y hokum cjiyia-

jeBHAia ca obhm peareHCOM ao6ph pe3yjiTaTH ce Ao6HBajy caiwo y npncyciBy cojih

ABOBajieHTHe WHBe81-84-85, hjih nHpHAHHa89-90 92 nao KaTajiH3aropa.

HaKO cy ejieKTpoxeMHjcKe OKCHAaunje xajioreHHAHHX joHOBa y HeBOAeHHM

pacTBapaqHMa Beh paHHje HsywaBane68-75, ycmoBH 3a aHOAHO Ao6HBaH>e 6poMa

y rjiaujijajraoj cHpheraoj khccjthhh ca bhcokhm npoueHTOM HCKopHiuheita crpyje

h MoryhHOCTH pa3paAe KyjiOMerpHjcKHX THTpauHOHHx iweTOAa 3a OApel)HBaH>e

ImAlf

 

C.iHKa 2. I — E KpHBe njiaTHHcne aHo^e y paciBopy KajiHjyM-aneTaxa kohuch-

Tpaiwje 0,9mol/dm3: (I) y pacTBopy oJiOBo(II)-aueTaTa (0,5 mol/dm3 (2), y

3acnheHOM pacrBopy MaHraH(II)-aueTaTa (3) h Ka;mjyM-6poMH/ia (4), Kao ii y

pacTBopy XHflpoxiiHOHa (0,01 mol/dm3) (5), i<ojn cy npunpe.MJbewi y KajiMjyM-

-auerarao.M ochobhom ejieKTpo.'iHTy.
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peayKUHOHHX cyncraimH cy Ten HeAaBHo HcmrraHH94-96. IlpH mwe je cHHAtaH>eM

/ — /: kphbhx noKa3aHO na ce 6pomhahh joHOBH Ha miaraHCKoj cieicrpoAH ok-

CHAyjy Ha noTeHiyijajiHMa oa 0,8—0,9 V, a aueraTHH johobh ocHOBHor ejieK-

TpojiHTa TeK na oko 2 V (c.i. 2). OopMa.iHH peAOKC-noTemmjaji CHCTeiwa 6poM,'

/SpoMHa y pacTBopy KajiHjyMaueTaTa (0,9 mol/dm3) y cnpheiHoj kuccjihhh oa-

pe^eH je npHflieHOM Nernst-oBe jeAHamme (cji. 3) h h3hoch 950 mV94.

 

CiiitKa 3. 3aBiicHocT peaoKc-no-

TeHiwjaJia chckms 6poM/6poMiij

on norapHTMa oaHOca KOHueHTpa-

imje KOMnoHeHaTa noMeHyror pe-

flOKC-napa y pacTBopy KajmjyM-

-aueTaTa (0,9 mol/dm3) y ciiphe-r-

HOj KHCejIHHIf.

Kao pacrBapaq npH THTpaHHjH 6poiwoM Hajqeuihe ce KopHcra CMeca cup-

heTHe KHcejume h BOAe76-77'79-83-87'8^90-92-93, cHpheTHe KHcejume h ajiKoxojia81-82,

Kao h TepHepHa CMeca noMeHyTHx pacTBapaMa80 84-85. Ochm y Beh HaBeAeHHM

pacTBapaqHiwa, OApel)HBaH>a GpoMOM cy BpmeHa y 85%-hom MeraHOJiy84, XJiopo-

cpopMy88, cMecH MeTaHOJia hjih eTaHojia ca 6eH3eH0iw86 h y nponHJieHKap6oHaiy,

oaHocHo y CMecH nponaneHKap6oHaTa h xjiopodpopiwa91. Pa^Ha o6jiacr noTeHimjajia

y nponHJien-Kap6oHaTy y npHcycrBy TeTpaeTHJiaMOHHjyM-nepx.iopaTa npoTOKe ce

oa 1,7 flo -1,9 V.

KyjioMeTpHjcKa OApel)HBaH>a aHOflHO ao6hbchhm xJiopojw BpuieHa cy y

cmcch cnpheTHe KHcejiHHe h BOfle76'77-82'87 H xjiopodpopina ca eraHOJiOM (2:1)

y npncycTBy >KHBa(II)-xnopHAa Kao KaTajuraaTopa78, Kao h y pacTBopy Ka^HjyM-

-aueraTa y rjiaunjajiHoj cHpheTHoj khccjihhh (0,9 mol/dm3) kojh je 3acHheH Ha-

TpHjyM-xjiopHflOM99. OBaj pearcHC cua^a y rpyny jaKroc oKCHAauHOimx cpeacraBa

H yrjiaBHOM ce KopHcm 3a OApel)HBaH>e He3aciiheHHX jeAHH>eH»a, koa Kojnx ce

aAHpa Ha ABorySy Be3y76 78. Oa pcAyKUHOHHx cyncraHUH ejieKTpoxeMHjcKH

aoShbchhm xjiopojvi Moiy ce oapejuiTH cajwo OHe xoje ce 6p>Ke OKCHAyjy oa pa-

CTBapaqa. Tai<o, aoGpn pe3y.iTaTH cy aoShbchh npn THTpauHjH — Si-H rpyne87,

xHApa3HHa82, Kao h apceHa(III) h aHTHMOHa(III)99. y nocjieAH>eM paAy je no-

Ka3aHo Aa y UHJby ycneuiHHX OApel)HBaH>a HeonxoAHO je e^eKTpoAe nperxoAHO

aKTHBHpara y pacTBopniwa noroAHHX cacraBa.
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Cuta h capaflHHi^H76-77 cy 3ana3HJiH aa je aAHimja joaa Ha ABory6y Be3y

y 80 — 90%-Hoj CHpherHoj khccjihhh cnopa h fla ce y thm pacTBopwwa AHpeKraa

KyjioMerpHjcKa Oflpe^HBajba He3acHfceHHX jeAHH>eH>a He Mory bpuihth. Ahoaho

flo6HBeHHM joflOM flo6pH pe3yjrraTH cy aoShbchh y ajiHcpa-nraHHM ajiKoxojiHMa,

aneroHHTpHJiy h y cmcch ajiKoxojia ca 6eH3eHOM npn THTpauHjH opraHOKajiajHHx

jeAHH>eH>a86, Kajiaja(II), apceHa(III) h aHTHMOHa(III)97, Kao h npH OApefjHBaity

>KHBe h cpe6pa THoamtimAOM, npn nowy ce H3flBojeHH Tajior HaKOH uer)eH>a pa-

crBapa y eraHOjiy, a THoaHHJiHA ce THTpyje joflOM98.

EjieKTpoxeMHjcKH ao6hbchh jofl, Kao KyjioMerpHjcKH peareHc, Haj^eurhe

ce KopncTH npn OAper)HBaH>y Bo^e no MOAHdjHKOBaHoj Karl Fischer-oBoj mctoah,

Kojy cy 1959. roflHHe pa3paAHJiH Meyer h Boyd100. OHa je KacHHje npnjiaror)eHa

h 3a peuiaBaae cneuHjanHHX 3aflaTaKa h Hauina je mnpoKy npHMeHy y aHajia-

THMKoj npaKCH101~109 30or CBoje jeAHOcraBHOCTH, BejiHKe yurreAe y peareHcy

h noy3AaHOCTH uaK h npn THTpauHjH Bpjio Majie KOjnraHHe boac

36or iwajie pacrBopjbHBOcra BehHHe HeopraHCKHX jeflHH>eH>a y hcboachhm

pacTBapaiHMa Ao6HBaibe KyjioMeTpHjcKHX peareHaca npoiweHOM OKCHAaintOHHX

cTaaa joHOBa Ha eneKTpoflaiwa 3ano*ieTo je TeK HeaaBHO. IlpBe noKymaje y tom

npaBiry yiHHHJiH cy AracjaH h CnpaKaHjaH110'112 reHepHiiryhH ojiobo(IV) y pa-

crBopy KajiHjyM-aueraTa (0,6 mol/dm3) h ojiOBo(II)-aueTaTa (0,5 mol/dm3) y

CHpheTHoj KHcejiHHH, Kao h y npncycTBy aHXHapH^a cHpherae KHcejiHHe y kojih-

mmaAia a° 10%, Ha HHKJieHoj aHOAH npeByieHoj ojiobo-ahokchaom. IIpoueHT

HCKopHiuhefta crpyje npn TOiwe OApeAHJm cy KyjioMeTpHjcKOM THTpaunjoM xh-

apoxHHOHa110. JIoShbchhm peareHCOM ohh cy ycneuiHO THTpoBaim xhapoxhhoh

y npncycTBy impoKaTexHHa h pe3opimHa113, Kao h THO-jeflHHjefea111.113.

IlacTop h capaflHHUH114 cy Hauura fla je HCKopHiuheibe crpyje npn okch-

flauHjn oJiOBa(II) Ha aHOflH npHnpeiwjbeHOM Tario>KeifceM ojiOBO-AHOKCHAa Ha

iuiaTHHH npHBHflHo BehH oa 100% yaiefl pacTBapaH>a ejieicrpoAHor MaTepnjajia

y CHpherHoj khccjihhh. 36or Tora cy cHHMaH>eM / — E kphbhx ruiaTHHCKe eJieK-

TpoAe y pacTBopy KajmjyM-aHeTaTa, y npncycTBy ojiOBo(II)-aueTaTa h MaHraH

(II)-aueTaTa (cji. 2) HcnHTarm jworyhHOCTH reHepHcaH>a ojiOBa h ManraHa BHUie-

BajieHTHor craH>a. KojiHMHHy Hacrajinx oKCHAaimoHHX nporoBOAa OApeAHJiH cy

THTpainijoM pacTBopa y aHOAHOM ACJiy cyAa xhapoxhhohom nocjie rrponyiHTaiba

OAper)eHe KOJDWHHe crpyje, hjih KyjioMeTpHjcKOM THTpauHjojw ncror jeAHH>eH>a.

Bhcok rrpoixeHT HCKopHiuheifca crpyje npH Ao6HBaH>y peareHaca noTBpAHJiH cy

h ycneuiHOM KyjioMeTpHjcKOM THTparmjoM XHApa3HHa h XHApa3HAa KHcejiHHa115,

Kao H THO-jeAHH>eH.a116. y obhm paAOBHMa HcrmTaH je ynmaj BOAe h aHXHAPHAa

cnpheTHe KHcejiHHe Ha KBamHTaTHBHO rpar}eH>e peareHca. Har)eHO je jx,a ce Ha

ruiaTHHCKoj aHOAH ojiobo(II) OKCHAyje ao ojiOBa(IV), a MaHraH(II) ao MaHraHa

(III) . OAper}eHH cy h (popiviajiHH peAOKC-noTeHHHjajiH CHCTeiwa Pb(IV)/Pb(II)

(Eo = 1120— 1130 mV) h Mn(III)/Mn(II) (£<>' = 930 mV) y pacrBopy Ka-

jiHjyM-aueTaTa KOHueHTparntje 0,9 mol/dm3. Ohh cy cjnraia HcroiTHBaH>a bpihhjth

h y irpoimoHCKoj KHcejiHHH117.

y jiHTepaTypH HarjeHH cy noAauH h o MoryhHOcra aHOAHor AOOHBaita 6aKpa

(II) c bhcokhm npoueHTOM HCKopHuiheH>a CTpyje y pacrBopHMa C11BF4118 H

C11CIO4127 y aueTOHHTpmry. Harpat)eHHM peareHCOM BpmeHe cy KyjioMerpHjcKe

THTpaunje (J)epoueHa, ajrKHJicyncTHTyHcaHHX (pepoueHa118-127, XHApoxHHOHa h

THOJia127.

IIocjieAHjHx AeceT roAHHa CBe uinpy npniweHy HMajy ejieKTpoxeMHjcKH

aKTHBHe MerajiHe eneicrpoAe, Tj. ejieKTpoAe Koje ce aHOAHo pacrBapajy124. OHe
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ojvioryhaBajy ao6nBaH>e hobhx KynoMeTpHjcKHx peareHaca, u pa/j 6e3 npncycTBa

cojih y aHOJiHTy uoje cy HeonxoaHe npn floSHBaity peareHaca Ha HHepTHHM eJieK-

TpoflaAia. Obo je on BejiHKor 3Hayaja, jep cMaH>eH»e kojihtohc thx cojih h apyrnx

jeAHH>eH.a y pacrBopy MO>Ke aa ytme Ha noAiepaite paBHOTe>Ke y npaBHy rpa-

tjeita wejbeHHX npoH3BOAa H3Aie^y aHajiranpaHe cyncraHHe h Tm-pauHOHor cpea-

CTBa.

AKraBHy Merajury ejieiapcvry y HeBoaeHoj cpeflHHH npBH je kophctho

Tagliavini86 npn KyjiOMeTpHjcKOM o;jpel)HBaH>y opraHOMeTajiHHX jefliHteifea Kajiaja

Ag+-joHOBHMa y civiecH eTaHOJia h 6eH3eHa (4:1), reHepnuiyhH peareHC pacrBa-

paHjeM cpeSpHe aHO/je y npncycTBy JiHTHjyM-nepxjiopaTa. Tmpaipije je BpiiiHo

Ha ocHOBy peaKimje:

JleTajBHHja HcrntTHBaifca y OBoj ofijiacTH BpmmiH cy KocrpoMHH h capa/numn

119-125. Ohh cy CHHAiaifceM / — E kphbhx oflpeaHJiH o6jiac™ noTeHUiijajia pacrBa-

paita ejieKTpofla oa xpoMa, 6aKpa, BaHaaajyAia h ojioBa bhcokhx uncroha

(> 99,97%), h OflpeflHJiH Bpcre Harpal)eHHX joHOBa y ochobhhm ejieKTpojiHTHMa

paaraiHTHX cacraBa nprnipeMJteHHx y HeBOflemiM pacTBapamuvia. Tano cy npn

pa^y ca xpomhhm ejieKTpoflaivia Haui.iH m ce ewe y pacrBopHJwa xjiopoBOflOHHiHe

KHC&iiHHe y flKMerajK^opMajvumy h aneTOHHTpHJiy noi<a3yjy rbc oSjiacTH noTeH-

HHjana aKTHBHor pacrBapaH>a (era. 4), npn lejuy ce y npBoj rpaae Cr2+, a y Apyroj

Cr6+ joHOBH120. Here eneKTpofle y npncycTBy flpynix MHHepajiHHX KHcejnma h

HaTpHjyjvuiepxJiopaTa y nojueHyTHM pacTBapamma h y rrnpn£HHy rpafle cajwo

Cr6+ joHOBe (cji. 5)119.120.

Cjihwho ce noHauiajy h GaKapHe ejieicrpoae y flHMeTHJKpopMaMHfly121 . OHe

y npncycTBy HaTpHjyM-nepxnopaTa, JiHrajyM-HHTpaTa h TeTpa6yTHJiaMOHHjyM-

R3Sn-SnR3 +2 Ag+ -> 2 R3Sn+ I 2 Ag.

 

CllHKa 4. I — E KpHBe xpoMHC aHOfle

y pacTBopHMa xJiopoBOfloHnroe KHcejume

y AHMeTHJicJjopMaMnay cncnefrHx kohuch-

Tpaqnja,mol/dm8:0,l (1): 1,0 (2): 2,0 (3):

3,0 (4): 4,0 (5) h 4,5 (6) (jiht. 120).

Grama 5. E — / Kpitsa (1) h / — E

KpitBa (2) xpoMHe aHOAe y pacrreopy

ciwece HaTpHjyM-nepxnopaTa (0,5 mol/dms

h (poccpopHe KHcejiHHe (0,5 mol/dm8) y

flHMemndxDpMaMHfly (jiht. 119).
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nepxnopaTa noKa3yjy flBe aKTHBue o6jiacrH noTeHUHjarca, y KojHjwa ce oKCHAyjy

AO Cu+, oahocho flo Cu2+ joHOBa, a y pacrBopHAia jiHrajyM-xjiopnna h TeTpa-

6yTHnaMOHHjyM-xajioreHHfla cai«o jeflHy aKTHBHy o6jiacr noTeHimjajia pacTBapaita

rpa^ehH Cu+ johobc

y 3aBHCHOCTH ofl cacraBa ocHOBHor ejiercrpaiiHTa BaHaflHjyMOBe ejieicrpofle

ce y aijeTOHHTpHJiy, flHMeTHJicpopiviaMnay h impHUHHy122, Kao h y CHpheraoj

KHcejBtHH123, aHoaHo pacTBapajy rpaaehu V(IV) h V(V) joHOBe. IlocTojaHOCT

jeAHH>eH>a BaHa,nHjyMa(IV) y flHMeTioc})opMaMH/ty je Mana122 h OHa no/yie>Ky

peaKunjii AHcnponopinioHnpaH>a no cxeiWH:

V(IV) - e — V(V)

V(IV) + e ^ V(III)

2 V(IV) ^ V(III) + V(V)

IIpHcycTBO HaBefleHHX johckhx Bpcra y pacTBopy noTBpt)eHO je CHHAiaiteM an-

COpimHOHHX KpHBHX.

OjioBiie ejieKTpo,ije npn aHOflHOM pacrBapaity y HeBOfleHHiw cpeflHHaina

rpaae Pb2+ joHOBe125.

IlapajiejiHO ca Beh oriHcaHHM HcnHTHBaitHMa Koctpomhh h capaaHHUH

BpuiHJiH cy h KyjiOMerpHjcKe TH/rpauHje oncimauHOHHx h pe/ryKUHOHHX cyncraHUH

c floGHBeHHM peareHCHAia.

Hobh npaBau Hcrpa>KHBaH>a npeflcraBJba Hajiawe&e ycjiOBa 3a ejieicrpo-

xeMHjcKo Ao6HBaH>e opraHCKnx pa^HKajia c bhcokhm npoueHTOM HCKopHinheH>a

crpyje. y cbom papy, Kojn je 3a ca^a h jeflHHH y OBoj oSjiacTH, Maricle126 je

peflywmjoM aHc})eHHJia y pacTBopy TeTpa6yraJiaM0HHjyM-6p0MHfla y ahmcthji-

4)opMajvmfly (0,1 mol/dm3) reHepncao flHcpemiii paanKaji-aHjoii h kophctho ra

Kao KyjiOMerpHjcKn peareHC 3a o,npel)HBaH>e aHTpaueiia, HHTpo6eH3eHa, a3o6eH3eHa

h 6eH3o4>eHOHa.

3aBpuiHe TaqKe npn KyjioMeTpHjcKHM peAOKC-THTpaipijaMa y HeBoaeHHM

cpeflHHaMa o,npel)yjy ce (poTOiweTpHjCKHM MeTOflaMa81'88-97'114-118-117, noTeHUito-

MeTpHjcKOM MeTOflOM85'88'91'97'111-113'115""117'120'121-123-126-127, a 3axBajbyjyhH peBep-

3h6hjihocth HcnHTHBaHHX pe^oKc-napoBa Hajneiuhe 6HaMnepoj«eTpHjcKOM Mero-

£OM79,80,82,84,86,87,89,90,92-96,98-109,111 -123

5. IlEPCnEKTHBA PA3BOJA KYJIOMETPHJCKHX METOJIA V HEBOflEHHM

CPEflHHAMA

Ha ocHOBy aaTor nperJieaa mow; ce biiacth fla cy KyjioMeTpHjcKe THTpa-

iniOHe MeTOfle y MeiuaHHiw h HeBOfleHHM pacTBapaxotMa nocjieanbnx flBafleceT

roflHHa narjio pa3BHjaHe h aerajBHo H3yiaBaHe. Hjhxob HHTeH3HBaH TeMno pa3Boja

y Hape^HOM nepnoay MOH<e ce o6e36eflHTH flajbH>nM H3y^aBaH>eM Teopwje hcbo-

fleHHX pacTBopa, xeiviHjcKHX peaKipija h ejieKTpoflHHX npoueca y thm cpcoimaMa,

noBehaH>ei« 6poja ejieiapoxeMHjcKH floCHBeHHx THTpauHOHHX cpeflcraBa, H3Hajia-

weaeM oceTJbHBHjHX Merofla 3a flereKUHjy 3aBpuiHe Tam<e h ayTOMaTH3aioijoM

nocrynaKa oape^HBaH>a. Ilofl thm ycnoBHAia KyjiOMerpHjcKe Merofle y HeBoaeHHM

pacTBapaMHMa, Koje cy TeopHjcKH HHTepecaHTHe h *mje cy AioryhHOCTH npHMene

Bemn<e, iwory 6hth KOHKypeH-rae /jpyrciM MCTO,ia.Ma aHami3a.
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H3BOA

JJaT je nperjiea jiirrepaType o KyjioiweTpHjcKHM THTpauHja.wa kkccjihhs, 6a3a, okciw-

uhohhx h peAyKiWOHiix cyncraHUH y HeBOAeiuiM pacrBapaWMa. FIpiiKasaHH cy ycJlOBH 3a ejieK-

Tpoxe.MHjcKO Ao6HBaH>e THTpauHOHHx cpeflcraBa ca 100%-hhm HCKopHiuheifceM erpyje h pa3Boj

MeTOfla 3a fleTeKunjy 3aBpiime taMKe. Jlam cy no^ami h o aHajiirriiMKoj npHMom pa3par)erorx

KyjiOAieTpHjcKiix Me-ro^a.

SUMMARY

COULOMETRIC NEUTRALIZATION AND REDOX TITRATIONS IN NON-AQUEOUS

MEDIA

TIBOR J. PASTOR

Institute of Chemistry, Faculty of Science, University of Belgrade, P. O. Box 550, YU-I1001

Belgrade, Yugoslavia

A literature review is given on coulometric titrations of acids, bases, oxidants and reduc-

tants in non-aqueous solutions. The conditions for electrochemical generation of titrants with

100% current efficiency, as well as the development of the end-point detection methods are

outlined. Data of analytical application of the developed coulometric methods are also presented.

(Received 13 March 1982)
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A novel synthetic approach was developed for obtaining the isomeric 3[J-

-acetoxy-17-picolinylidene-5-androsten-16-ones (9 and 10) from dehydroepiandro-

sterone-acetate (1), in three or four steps, in overall yields approaching max. 25%.

Namely, 1 was converted into 3fS-acetoxy-17-picolinylidene-5-androstene {4) by the

addition of a-picolyl-lithium to the 17-oxo-group of 1, followed by simultaneous

acetylation of the 3|3-hydroxy group and dehydration of the 17fS-hydroxy group

of 2 (the overall yield of 4, based on 1, was 63%). Starting from 4, several procedures

were developed towards the ketones 9 and 10, all of which essentially consisted in

the Se02-oxidation of the 16-allylic position of 4, followed by a further mild oxi

dation of the 16-hydroxy-intermediates (5 and 7). Best results were achieved in the

case of using either the benzene-water-HsCr04 two-phase system (Method C), or

the pyridine-H2Cr04 one-phase system (Method D). The method C afforded the

ketone 9 as the main product (in the overall yield of 15.8%, based on 1), while the

method D provided the ketone 10 as the main reaction product (in overall yield

of 16.1%, based on 1). The variation of the 9 to 10 ratio (with changing the oxidi

zing media) has not been properly understood, thus needing further investiga

tions. Colloidal Se, which is usually difficult to remove from organic extracts of

oxidation products, can be efficiently eliminated by washing the extracts with sa

turated aqueous solution of NaHS03 or with an aqueous KI-Is solution.

In our previous reports1-2 two different synthetic approaches have been

described towards the isomeric 3p-acetoxy-17-picolinylidene-5-androsten-16-ones

(9 and 10), the key intermediates in a planned synthesis of solanidine and 22-

-isosolanidine derivatives. However, in both described cases1-2 the overall yields

of the ketones 9 and 10 were very unsatisfactory in a practical sense (only 1.3%

and 2.4%). Nevertheless, these syntheses had played a crucial role in our further

research in this field providing us with a nonambigous proof for the structures

of 9 and 10.

As we are planning broad investigations on chemical and biological prop

erties of synthetic solanidine and 22-isosolanidine derivatives in the near future,

we have been constantly searching for a new preparative method of obtaining

the isomeric ketones 9 and 10 in practically acceptable yields. The reaction scheme

summarizes all of our latest efforts in this respect, presenti ngin detail the chem

ical transformations done in this work, including reaction conditions, yields

and the structures of some by-products.

The first step of the newly developed synthesis involves addition of a-pi

colyl-lithium to the 17-oxo-group of 1 leading to 3(S, 17p-dihydroxy-17a-picolyl-

-5-androstene (2) in a yield of 78%. In a similar way, but for a different purpose,

173
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Heer and Hoffmann3 have obtained the compound 2 in a yield of 70% (relating

their procedure, we have considerably simplified the isolation and purification

rage).
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The second step consisted of a simultaneous acctylation of the 3|3-hydroxy-

-group and dehydration of the 17[3-hydroxy-group of the diol 2 in boiling acetic

anhydride, according to our own procedure, whereupon 3p-acetoxy-1 7-picolinyl-

idene-5-androstene (4) was obtained in a yield of 81%. In our case the overall

yield of 4 (from dehydroepiandrosterone acetate, 1) was 63%, while in the case

of Heer and Hoffmann3 (upon using PBr3 for dehydration of 17(3-hydroxy-group)

the overall yield of 4 was only 25%.

Again for othor purposes, Kocor and his coworkers4 have also described

the preparation of 4, in a yield of 60%, directly from dehydroepiandrosterone

and 2-pyridyl-methyl-phosphonate in a Wittig reaction. Although Koc6r's method

consisted of one-step synthesis, our two-step procedure for the preparation of

4 seems to be practically the most acceptable one, providing the best overall yield

and avoiding the use of expensive reagents.

The real starting point of our new synthesis of 3(i-acetoxy-17-picolinylidene-

- 5-androstcn- 1 6-ones (9 and 10) corresponded to the next step, namely, to the

selective introduction of an oxygen function at the C-16 in 4, in the presence of

the unprotected As.6-double bond. Our experimental work has shown this task

to be quite difficult. Namely, one can easily see that in the compound 4 there

are three distinct allylic positions which can be attacked by an oxidative agent.

A priori, one might assume the 16-allylic position as the most reactive one since

the A17.20-double bond is at least to some extent conjugated with the pyridine

nucleus. However, our experimental work has proved this assumption to be in

correct, showing clearly that the fate of the oxidation course is solely dependent

on the nature of the oxidative agent used and/or the reaction conditions.

To illustrate some of our difficulties on the road from 4 to 9 and 10, we

will describe an unsuccessful oxidation experiment, namely, the oxidation of 4

with Cr(VI)-oxide in dilute aqueous acetic acid, at 10—15°. In this case, a very

complex reaction mixture resulted, but (according to TLC) none of its compo

nents corresponded to the expected ketones 9 and 10. We were able, however,

to isolate, purify and characterize the two less polar reaction products. According

to their IR, NMR, UV and M-spectra, as well as elemental microanalyses, we

deduced the structures of these products (//, in a yield of 12% and 12, in a yield

of only 3%). This experiment clearly shows that the oxidation of 4 by means of

Cr(VI)-oxide occurs preferentially at the allylic position C-7, though in additiom

a cleavage of the side-chain takes place, too. The structures of the more polar

oxidation products have not been studied further (we assume the polar compo

nents to be acidic compounds formed by a ring-cleavage at the positions of the

carbonyl-groups and/or A5-6-double bond). By decreasing Cr(VI)-oxide — the

compound 4 ratio, the yields of // and 12 are increased, on the contrary, by in

creasing this ratio, the yields of // and 12 are decreased, but at the same time

the formation of more polar — acidic components is favoured.

After these rather discouraging experiments with Cr(VI)-oxide, we decided

to try Se02 as a possible selective oxidative agent for the conversion of 4 into its

1 6-oxygenated derivatives. Indeed, by using an excess of Se02 in boiling benzene

(Method A) we were able to complete the 1 6-oxygenation of 4 in three hours,

whereupon a mixture of four different 1 6-oxygenated products (J, 7, 9 and 10)

are formed. Column chromatography of these 16-oxygeneted products afforded:

the starting compound 4 (in a yield of 3%), 3(3-acetoxy-16-a-hydroxy-17-pico-

linylidcnc-5-androstene (5, 25% yield), as the main reaction product, an unsepa
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rated mixture of 3(3-acetoxy-16(3-hydroxy-17-picolinylidene-5-androstene (7) and

trans-3(3-acetoxy-17-picolinylidene-5-androsten-16-one (70) in a yield of 6% (7

and 70 were later separated by fractional crystalization from ethyl acetate), and

at last a"s-3j3-acetoxy-17-picolinylidene-5-androsten-16-one (P), in a yield of 4%.

The overall yield of all 1 6-oxygenated products was only 35%. Taking into account

the regenerated starting material (4), we estimated the overall losses in the Se02

oxidation of 4 to be 62% (in from of a non-eluted material, or a material firmly

bound to an excess of SeC>2).

The described experiment has stimulated our further research on the SeOz

oxidation of 4 under various reaction conditions. At the same time, another problem

remained to be solved, namely, the oxidation of 3(3-acetoxy-17-picolinylidene-

- 1 6a-hydroxy-5-androstene (5), the main product from the Se02 oxidation of

4, into the isomeric ketones P and 10.

Firstly, the purified and crystalline compound 5 (which was available in

reasonable quantities via the procedure A) was subjected to further oxidation

to a mixture of 9 and 10 by means of chromic acid in a two-phase system (ben

zene-water) at room temperature (method B). By this route satisfactory yields

of 9 and 10 were achieved (calculated for both isomers the yield was 52%). The

ratio of 9 to 10, in this case, was cca 2.5:1. Based on the starting dehydroepiandro-

sterone acetate (7), via the isolated and purified intermediates 2, 3 and 5, the overall

yield of9 and 10 was 8.2%, which is substantially higher than reported previously1-2,

but still not quite satisfactory.

Therefore, we decided to carry out the chromic acid oxidation step on the

whole crude reaction mixture from the SeOa — oxidation of 4 (containing, in

addition to 16oc-hydroxy derivative 5, the ketones 9 and 10 and the 16|3- isomer

of J). Under such conditions one may assume that the overall yield of the ketones

9 and 10 would be higher due to using all of the 1 6-oxygenated intermediates

from the Se02 oxidation step, and due to avoiding one crystallization and chro

matography step. Indeed, by combining the methods A and B, (Method C) without

isolating and purifying the intermediates from Se02 oxidation of 4, we arrived

at much higher overall yields of 9 and 10 (19.6%, based on 7). Again the cis isomer

9 predominated over the trans isomer 10 (the ratio was 4:1).

However, by performing the Se02 — oxidation of 4 in pyridine, followed

by a chromic acid oxidation of the formed intermediates, without isolating and

purifying them (Method D), we have obtained the most satisfactory overall yield

of 9 and 10 (24.12%, based on 7), but in this case an unexpected result was noticed,

namely, the ratio of 9 to 10 changed to 1 :2, thus the trans compound 10 was the

predominant isomer in the mixture.

In this way, we have found two different satisfactory procedures (C and

D) for obtaining 9 and 10 in reasonable overall yields from 7 offering us a possi

bility of synthesizing preferentially one of the two isomers (9 or 70) in an excess.

Finally, if chromic acid used in the procedure D was replaced by iodine,

the two isomeric ketones were obtained in an overall yield of 8.6% (based on 7).

The ratio of 9 to 70, in this case, was 1 :5, thus providing the frewts-isomer 70 in

a great excess.

The variation of the 9 to 70 ratio as a function of the oxidant and solvent

nature has not been yet rationalized. For that purpose further, carefully planned

experiments are needed.
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The obtained isomeric ketones 9 and 10 were reduced with NaBHi to the

corresponding alcohols 7 and 8. In both cases we assume the 1 6(3-orientation

of the hydroxy-group due to an easier approach of the reducing agent to the 16-

-carbonyl function from th? a-^side (oppositely from the C-18 angular methyl

group). The compound 7 obtained by a NaBH4 reduction was proved to be iden

tical with a minor SeO>-oxidation product of 4. As the reaction mixture, after

the SeC>2 oxidation of 4, contained none of the compound 8, we indirectly proved

cis stereochemistry of thz 1 7-picolinylidene rest of 5, 6 and 7. Going along the

same lines of reasoning we may conclude that even the compound 4 is a pure cis

isomer. Thus, we believe that the ketone 10 is formed subsequently from the

primarily formed 9 by a photo- or thermoisomerization process.

The structures of the newly synthesized compounds (5, 6, 7, 8, 11 and 12)

were deduced on the basis of their IR, NMR, and M-spectra, while their purity

was proved by satisfactory micro-analyses (see the experimental part of this work).

Worth special mentioning are the IR and NMR spectra of the compounds

5, 7 and 8. Namely, in the IR spectra of 5 and 7 (the cis-isomers with the pyridine

nucleus closer to the 16-hydroxy groups) intense bands appear at 3240 cm-1 and

3320 cm-1, indicating a strong intramolecular hydrogen bonding between the

pyridine nucleus and both 16a- and 16(3-hydroxy groups. The NMR signals for

those intramolecular hydrogen bonds appear in the region of 7—7.5 ppm. On

the contrary, 16(3-hydroxy group in the compound 8 appears at 3510 cm-1 (in

the IR spectrum) or at 3.15 ppm (in the NMR spectrum) indicating an absence

of any intramolecular hydrogen bond in 8. These data are in a very good agree

ment with our previous conclusions1 that the isomer 9 corresponds to the cis ste

reochemistry (16-carbonyl group and pyridine nucleus closer to each other), while

the isomer 10 corresponds to the trans stereochemistry. The chemical shifts of

the C-18 angular methyl groups in 5, 7 and 8 (0.9 ppm, 1.1 ppm and 1.3 ppm)

also clearly indicate the stereochemical relations in these compounds.

A constant difficulty in our work arose from the fact that in SeOa oxidation

experiments colloidal Se was hard to remove from the reaction products. We

were able to find two new methods for this purpose. Namely, washing the organic

extracts containing Se with aqueous KI — I2 solutions, or with saturated aqueous

NaHSC>3, was proved to be a highly efficient procedure for removing colloidal

Se. From these two methods we consider the NaHSOs — method as a better

one and we hope that it may find wider applications in future.

EXPERIMENTAL

IR spectra were recorded with a Perkin-Elmer 457 spectrophotometer; NMR spectra

were recorded with a Varian 60 A instrument; chemical shifts are given in ppm values; 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 mje value, while ion abun

dances are given in parentheses); UV spectra are recorded with a Specord UV-VIS, Carl Zeiss,

Jena, at room temperature. Melting points were determined with a Biichi SMP-20 apparatus

and are not corrected.

3% I7$-Dihydroxy-i7a.-picolyl-5-androstene (2)

Lithium (6.265 g, 0.908 mol), cut in small pieces, was added to abs. ether (250 cm3) followed

by gradual addition of dry bromobenzene (47.5 cm3, 0.454 mol) in abs. ether (50 cm3). The mixt.

was intensively stirred at room temp, in an atm. of H2 or N2. Lithium reacted in 1-1.5 h, oc-pi
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coline (44.5 cm3, 0.454 mol) was then added and stirring, in the inert atm. was continued for

another nr. To the obtained dark red soln. of a-picolyl-lithium was added a soln. of dehydro-

epiandrosterone acetate (/, 15 g, 45.4 mmol) in dry THF (200 cm3). The reaction mixt. was left

at room temp, overnight, dild. with water (1.5 dm3), and then kept at room temp, for 3—4 days.

During this period, the dark yellow oil, collected at the bottom of the vessel, slowly turned to

large, almost colourless crystals, which were collected and washed with a small quantity of ether.

The crude cryst. compd. 2, m.p. 170° (15.24 g, 88%), was recrystd. from AcOEt, affording the

pure cryst. compd. 2 (13.51 g, 78%), m.p. 176—178°. IR spectrum: 3420, 3320, 3050, 1600,

1060, 1030, 750 cm-1; NMR spectrum (CDCla): 0.9 (s, 3H), 1.0 (s, 3H), 2.9 (AB-quartet, 2H),

3.3—3.8 (1H), 5.2 (d, 1H), 6.8—8.3 (several signals, 4H), mass spectrum m/e: 381 (12.5, M+),

366 (12), 363 (48), 348 (16.5), 148 (42), 135 (50), 120 (25), 93 (100); The UV spectrum (EtOH):

Xmax 263 nm.

3 $-Acetoxy-I7$-hydroxy-17a.-picolyl-5-androstene (J)

3P, 17p-Dihydroxy-17a-picolyl-5-androstene (2; 0.5 g, 1.3 mmol) was dissolved in py

ridine (7 cm3) at room temp, and acetic anhydride (7 cm3, 74.2 mmol) was then added. The reac

tion mixt. was left at room temp, overnight. The reaction is ceased by pouring the reaction mixt.

into water (200 cm3). The crude product was filtered, washed thoroughly with water and dried

in air. The yield of the crude product (3) is 0.49 g. Upon double recrystn. from 60% MeOH,

the compd. 3 was obtained in a yield of 0.32 g (58%), m.p. 209°. Recrystn. from AcOEt afforded

an anal, sample, m.p. 210°. IR spectrum: 3300, 3070, 1725, 1600, 1240, 1030, 1010, 800, 755

cm"1; NMR spectrum (CDCI3): 1.0 (s, 3H), 1.1 (s, 3H), 2.1 (s,3H), 2.9 (AB q, 2H), 4.3—5.9

(1H), 5,4 (d, 1H), 7.0—8.0 (several signals, 4H); mass spectrum mje: 423 (M+, 7.2), 408 (2.3),

405 (9.6), 390 (1.2), 363 (1.2), 348 (1.3), 345 (8.4), 135 (54), 93 (100)

3 $-Acetoxy-17-picolinylidene-5-androstene {4)

3P, 17 j3-Dihydroxy-17<x-picolyl-5-androstene (2), 10 g, 24 mmol) was heated in boiling

acetic anhydride (250 cm3) for 6 h. Upon standing at room temp, overnight, the crude reaction

product (4) crystd. out. Crystals were collected and washed with small amount of MeOH. Upon

drying in air, the pure compd. 4 (7.234 g) had m.p. 197—198°. Filtrate was dild. with water (cca

1.5 dm3) and partially neutralized with NaHC03. Upon standing at room temp, dark crystals

of the crude 4 separated out. Filtration and washing with MeOH afforded colourless crystals

of the pure 4 (1.34 g, m.p. 196—198°, lit.3 m.p. 195°). The final yield of 4 was 81%. An anal,

sample of 4 was obtained by recrystn. from MeOH; m.p. 205°. IR spectrum: 3050, 1730, 1655,

1585, 1245, 1030, 775, 750, 740cm"i; NMR spectrum (CDC13); 0.9 (s, 3H), 1.1 (s, 3H), 2.1

(s, 3H), 5.4 (4 (d, 1H), 6.3 (t, 1H), 6.9—7.8 (several signals, 4H); mass spectrum m/e: 405 (100,

M+), 390 (23), 345 (12), 330 (17), 302 (27), 144 (40), 44 (63), 43 (70); UV spectrum (EtOH):

251, 287 nm.

Oxidation of 3$-acetoxy-17-picolinylidene-5-androslene (4) with SeOi in benzene {Metlwd A)

3p-Acetoxy-17-picolinylidene-5-androstene (4, 0.405 g, 1 mmol) and finely powdered

Se02 (0.222 g, 2 mmol) were heated with stirring in boiling benzene (30 cm3) for 3 h. The crude

reaction mixt. was then passed through a short column of cellite to remove a black precipitate

of Se. The cellite layer was then washed with benzene. Thus obtained benzene soln. was inten

sively coloured (dark-red) from remained colloidal Se. In order to remove collodal Se, the ben

zene soln. was shaken two times (for 2') with aq. soln. (50 cm3) of KI (0.25 g) and Is (0.25 g).

An excess of la remained in benzene was removed by shaking with aq. NazSsOs. Finally, the

benzene soln. was washed with water and dried over anhyd. NaaS04. After removal of Na2S04

and benzene (in vacuum) a dark-coloured solid remained (0.350 g). Chromatography on silica

gel (20 g, benzene — AcOEt, 15:1) afforded: the starting compd. 4 (0.012g, 3%), a mixt. of

7 and 10 (0.025 g, 6%), the compd. 5 (0.134 g, 32%) and the ketone 9 (0.017 g, 5%). Recrystn.

of the crude 5 from AcOEt afforded the pure compd. 5, m.p. 235° (0.105 g, 25%). Recrystn.

of the mixture of 7 and 10 from AcOEt gave a small amount of the pure compd. 7, m.p. 237°.

Analytical data for compd. 5: IR spectrum: 3240, 1730, 1650, 1595, 1255, 1030cm-1; NMR

spectrum (CDCI3): 0.9 (s, 3H), 1.1 (s, 3H), 2.0 (s, 3H), 4.3-^1.9 (1H), 5.0 (1H), 5.45 (d, 1H),

6.25 (d, 1H), 7.5 (s, 1H), 7.0—8.7 (several signals, 4H); mass spectrum mje: 421 (66.8 M+), 406

(18.1), 388 (3.7), 361 (2.44), 346 (3.7), 148 (19.5), 147 (100), 146 (35.6), 133 (11.6), 119 (42.1),

93 (301); UV spectrum (EtOH): X„,a* 248, 293 nm. (Calcd. for C27H35N03: C, 76.92; H, 8.37;

N, 3.32. Found: C, 76.88; H, 8.16; N, 3.60).

3 [}, I6x-Diacetoxy-I7-picolinylidene-5-androsiene (6)

3p-Acetoxy-16a-hydroxy-17-picolinylidene-5-androstene (5, 0.194 g, 0.46 mmol) was

heated in acetic anhydride (5 cm3), at 85°, for 5 h. The reaction mixt. was poured then into water.
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neutralized with NaHCOa and extd. with ether. Combined extracts were dried with anhyd. NajS04,

the drying agent and the solvent were then removed. The crude product 6 (0.147, 69%) was

chromatographed on a silica gel column (5 g of silica gel, benzene — AcOEt, 9:1). After recrystn.

from ether — n-hexane, the pure product 6 was obtained in a yield of 0.102 g (48%), m.p. 179—

180°. IR spectrum: 1740, 1725, 1650, 1580, 1240 cm"'. NMR spectrum (CDCls): 0.95 (s, 3H),

1.1. (s, 3H), 1.85 (s, 3H), 2.05 (s, 3H), 4.2—5.0 (1H), 5.4 (d, 1H), 6.4 (2H), 6.9—8.5 (several

signals, 4H); mass spectrum m\e: 463 (25, M+), 448 (3.6), 420 (100), 403 (42.8), 388 (14.3), 184

(35.7). UV spectrum (EtOH): Xm.x 247, 253, 282, 298 nm. (Calcd. for C29H3-NO4: C, 75.13;

H, 8.05; N, 3.02. Found: C, 75.00; H, 7.92; N, 4.26).

Oxidation of 3$-acetoxy-l6<x-hydroxy-17-picoIonylidene-5-androstene (5) with CrOa in benzene —

water (Method B)

3{S-Acetoxy-16a-hydroxy-17-picolinylidene-5-androstene (5, 0.1 18 g, 0.28 mmol) was

dissolved in benzene (20 cm8). To the obtained soln. O3O (1.5 g, 15 mmol) in water (25 cm3)

was added. Two-phase reaction mixt. was intensively stirred at room temp, for 1.5—2 h. Upon

neutralization with NaHCOa, the aq. phase, contained the crude mixt. of products, was extd.

several times with toluene (by stirring for several hrs). Upon washing the combined extract with

water, drying with anhyd. NaaSC^ and removal of solvent, the crude mixt. of reaction products

was obtained (0.106 g). Chromatography on silica gel (5 g of silica gel, benzene — AcOEt, 9:1)

and recrystn. from MeOH afforded: the less polar ketone 10 (0.017 g, 15%), m.p. 204—205°

and the more polar ketone 9 (0.043, 37%), m.p. 199—200°. The column, recipients and evapo

ration or crystallization flasks were wrapped in Al-foils, in order to exclude light.

3$-Acetoxy-17-picolinylidene-S-androsten-16-ones (9 and 10) from compound 4 {Method C)

33-Aoetoxy-17-picolinylidene-5-androstene (4, 7.292 g, 18 mmol) and finely powdered

SeOa (3.996 g, 36 mmol) were heated with stirring in boiling benzene (300 cm3) for 3 h. The

reaction mixt. was filtered through cellite in order to remove a black precipitate of Se. Thus ob

tained dark-red soln. was shaken 4 times (for 2') with aq. soln. (100 cm3) of KI (1 g) and

I2 (0.5 g). An excess of I2 remained in benzene was removed by shaking with aq. Na2Ss03. Fi

nally, the benzene soln. was washed with water. Thus obtained soln. was intensively stirred with

a soln. of CrO» (12 g, 120 mmol) in water (200 cm3), at room temp, for 2 h. The reaction mixt.

was then neutralized with NaHCOs and extd. with toluene (by stirring for several hrs). The

course of extn. was monitored by TLC (silica gel G, benzene — AcOEt, 5:1). The combined

extract was washed with water and dried with anhyd. Na2S04. After removal of drying agent

and solvent (in vacuum), a crude mixt. of products (4.354 g) was obtained. The mixt. was sepd.

on a column of silica gel (150g) with benzene — AcOEt (9:1). Upon recrystn. from MeOH the

less polar ketone 10, m.p. 204—205° (0.461 g, 6%), and the more polar ketone 9, m.p. 199—

200° (1.861 g, 25%) were obtained.

Oxidation of 4 with Se02 and CrO.i in pyridine (Method D)

3p-Acetoxy-17-picolinylidene-5-androstene (7.292 g, 18 mmol) was dissolved in pyridine

(150 cm3) followed by gradual addition of finely powdered SeOa (3.996 g, 36 mmol). Reaction

mixt. was then heated at 80° for 10 h. After filtration through cellite to remove black precipitate

of Se, to a dark-red pyridine solution a soln. of chromic acid was added (Cr03 18 g, 180 mmol)

was dissolved in water (18 cm3) and thus prepd. soln. was gradually added to 180 cm3 of py

ridine). The reaction mixt. was left at room temp, for 15 h. Ether (400 cm3) was then added,

soln. was decanted off and washed with water (200 cm3). Upon drying over anhyd. Na2S04, and

removal of ether in vacuum, the remained pyridine was removed by codistillation with toluene

in vacuum. The crude mixt. of products (6.30 g) was sepd. on a column of silica gel (150 g, ben

zene — AcOEt, 15:1). Upon recrystn. from MeOH the more polar ketone 9 (0.93 g, 12.7%),

m.p. 195—197°, and less polar ketone 10 (1.92 g, 25.5%), m.p. 196—197°, were obtained.

Oxidation of 4 with SeOz and Is (Method E)

3[3-Acetoxy-17-picolinylidene-5-androstene (4, 7.292 g, 18 mmol) and finely powdered

SeOa (3.996 g, 36 mmol) were heated with stirring in boiling benzene (300 cm3) for 3 h. The

reaction mixture was filtered through cellite and thus obtained dark-red benzene soln. was shaken

4 times (for 2') with aq. soln. (100 cm3) of KI (1 g) and I2 (0.5 g). An excess of I2 remained in

benzene was removed by shaking with aq. Na2S203. Finally, the benzene soln. was washed with

water and dried with anhyd. Na2S04. (Alternatively, colloidal Se could be removed by shaking

the benzene soln. with satd. aq. NaHSOs (300 cm3) at room temp, for 6—8 h). To the obtained

benzene soln. pyridine (300 cm3) was added, followed by gradual addition of iodine (12 g, 47.2

mmol) in pyridine (6 cm3). The reaction mixt. was then heated at b. p. for 1 5 h. The reaction
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mixt. was then poured into water and extd. with ether. The combined extract was dried with

anhyd. Na2S04. Upon removal of drying agent and solvent, the crude mixture of products (4.00

g) was sepd. into components by chromatography on silica gel (150g, benzene — AcOEt, 15:1).

The ketone 9 (0.16 g, 2.1%) and ketone 10 (0.88 g, 11.5%) were obtained.

Reduction of 3$-acetoxy-17-picolinylidene-5-androsten-16-one (9) with sodium borohydride

Compound 9 (0.539 g, 1.2mmol) was dissolved in EtOH (40 cm3) by a short heating

on a water bath. After cooling to 18°, NaBHi (0.228, 6mmol) was added and the reaction mixt.

was stirred for 1/2 h, while the temp, was maintained at 18°. The reaction mixt. was then dild.

with water and glacial acetic acid was added till pH 6. After standing at room temp, for several

hrs, the crude product was filtered, washed thoroughly with water and dried in air. The yield

of the crude product 7 was 0.518 g. It was purified by chromatography on silica gel (20 g, ben

zene — AcOEt, 9:1). After recrystn. from MeOH compound 7 (0.277 g, 51%), m.p. 244—245°

was obtained. IR spectrum: 3320, 1730, 1660, 1585, 1245 cm1; NMR spectrum (CDCls): 1,09

(s, 6H), 2.0 (s, 3H), 4.3—5.0 (2H), 5.45 (d, 1H), 6.2 (d, 1H), 7.0—8.5 (several signals, 5H); mass

pectra m/e: 421 (81.8 M+), 406 (21.8), 388 (5), 361 (6.2), 364 (7.5), 147 (100), 146 (41.8), 133

(21.8), 119 (49.1), 106 (14.5), 93 (27.2). UV spectrum (EtOH) : Xm.x 250, 294 nm. (Calcd. for

CjtHssNOs: C, 76.92; H, 8.37; N, 3.32. Found: C, 76.97; H, 8.35; N, 3.89).

Reduction of 3$-acetoxy-17-picolinylidene-5-androslen-16-one (10) with sodium borohydride

Compound 10 (0.252 g, 0.6 mmol) was dissolved in MeOH (18 cm3) at 35°. Sodium bo

rohydride (0.114 g, 3 mmol) was added and the reaction mixt. was stirred at 35° for another 1/2 h.

After addition of water and acidification with AcOH (pH 6), the reaction mixt. was left at room

temp, for several hrs. The crude product 8 was filtered off, washed thoroughly with water and

dried in air. The yield of the crude product 8 was 0.199 g. Purification by chromatography on

a silica gel column (5 g of silica gel, AcOEt — benzene, 2:1) and recrystn. from MeOH afforded

compd. 8 (0.136 g, 54%), m.p. 248—249°. IR spectrum: 3510, 3320, 1725, 1655, 1580, 1240

cm"1; NMR spectrum (CDCI3): 1.0 (s, 3H), 1.3 (s, 3H), 2.0 (s, 3H), 3.15 (s, 1H), 4.2—4.9 (2H),

5.4 (d, 1H), 6.7 (d, 1H), 7.0—8.6 (several signals, 4H); mass spectra mje: 421 (100, M+), 406

(23.3), 403 (1033), 388 (16.5), 361 (4.5), 346 (3.5), 170 (11.9), 158 (11.4), 157 (29.1), 148 (13.7),

147 (26.5), 146 (25.3), 144 (21.2), 132 (1 1.2), 131 (12.7), 119 (26.6), 106 (10.4), 93 (45.2), 80 (79.1);

UV spectrum (EtOH) : Xm« 247, 274 nm. (Calcd. for CstHssNOs: C, 76.92; H, 8.37; N, 3.32.

Found: C, 76.41; H, 8.43; N, 3.70).

Oxidation of 3"j-acetoxy-17-picolinylidene-S-atulrosiene (4) with Crd

3[3-Acetoxy-l7-picolinylidene-5-androstene (4, 2.025 g, 5 mmol) was dissolved in aq.

AcOH (60 cm3 of AcOH and 10 cm3 of water), and soln. of CrOa (4 g, 20 mmol) in aq. acetic

acid (30 cm' of AcOH and 5 cm3 of water) was then added. The reaction mixt. was kept at 10—

1 5° for 2 days, then dild. with water (0.5 dm3), neutralized with NaHCOs and extd. with ether.

The combined extract was washed with aq. NH3 (1:1) and water. After drying the ether soln.

with anhyd. NaaSOi and removal of ether in vacuum, the crude mixt. of products was obtained

(0.734 g). This mixt. was sepd. by chromatography on silica gel column (70 g of silica gel, ben

zene — AcOEt, 9:1). The less polar compd. 12 (0.050 g, 3%) was obtained as an oil which crystd.

from MeOH or n-hexane, m.p. 200—201°. The more polar compd. 11 was obtained as a colourless

oil which crystd. from MeOH, m.p. 165° (0.240 g, 12%) Further recrystn. from MeOH afforded

an anal, sample, m.p. 168°. IR spectrum of the compd. 11: 3060, 1730, 1665, 1630, 1585, 1245

cm"1 NMR spectrum (CDCU): 0.9 (s, 3H), 1.25 (s, 3H), 2.05 (s, 3H), 4.4—5.2 (1H), 5.8 (s, 1H),

6.3 (t, 1H), 6.9—8.6 (several signals: 4H), mass spectrum mje: 419 (100, M+), 404 (17,5), 359

(5,4), 344 (12,2), 184 (9,4), 170 (10.8), 172 (9.4), 144 (12.2), 131 (13.5), 130 (24.3), 93 (27). UV

spectrum (EtOH) : Xm«x 244, 286 nm. (Calcd. for C27H33NO3. 1/2 CH3OH: C, 75.86; H, 8.04;

N, 3.21. Found: C, 76.12; H, 7.59; N, 3.79). IR spectrum of the compound 12: 1740, 1730,

1670, 1625; NMR spectrum (CDCU): 0.9 (s, 3H) 1.25 (s, 3H), 2.05 (s, 3H), 4.4—5.2 (1H), 5.8

(s, 1H); mass spectrum m\e: 344 (4.2 M+), 285 (21.2), 284 (100), 283 (42.5), 269 (8.5), 256 (31.

UV spectrum (EtOH): Xma* 235 nm.

The authors are grateful to the Regional Scientific Fund of SAP Vojvodina for supporting

'his work.
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H3BOfl

HOBH CHHTETH^KH nPHCTYn 3A 3P-AUETOKCH-17-nHKOJIHHHJIH.II.EH-5-

-AH.0POCTEH- 1 6-OH

liHcmuutyuL ux xejuujy TJpupoduo-MaiueMauiUHKoi ^axyAiueiua, ynuaep3uuieui y Hosom Cady,

B. BAaxomha 2, 21000 Hoeu Cad

y obom pafly pa3pat)eH je hobh chhtcthmkh nyr 3a flo6njaH>e H30MepHKx 3 (3-aueTOKCH-

- 1 7-nnKOOTHHJinfleH-5-aHApocreH- 1 6-oHa (9 h 10) H3 aexH^poermaHflpocTepoHaueTaTa (/), y

Tpii, oflHOCHO weTHpn (pa3e, ca yKynHHM npHHocHMa kojh flocTHHcy HajBHiue 25%. HaHMe, 1

je npeBefleH y 3 P-aueTOKCH-17-nnKojiHHHJiHfleH-5-annpocTeH (4) aAHUHjoM oc-nHKOJiHJi-jiHTHjyMa

Ha 17-KCTO-rpyny V, a 3araM cHMyjrraHHM auenuioBaifeeM 3 ^-xnapoKCHJine rpync h flexitu-

paTamijoM 17 p-xnnpoKcrome rpyne 2 (yKymoi npimoc 4, panyHaTo Ha 7, h3hocho je 63%).

nonaadiH op 4, pa3pal)eH0 je hckojihko nocrynaKa 3a /;o6HjaH>e KCTOHa 9 h 10 kojh ce y ochobh

cacroje y npHMapHoj OKciwamijii 16-ajuuiHor nojiowaja 4 h HaKHajjHoj 6jiaroj oKCHAaiwjH Ha-

rpa^eHHx 16-XHApoKCH-HHTepMejtHjepa 5 h 7. HajSojBH pe3yjiTaTH cy nocTHTHyra npBMCHOM

ABocpa3Hor CHcreMa: 6eH3oji-BOfla-HjCr04 (Mctoa C), hjih npHMeHOM jeAHCMpasHor ciicTe.wa:

nHpHflHH-HaCr04 (MeTOfl D). Meroa C oiworyhyje /j,o6HjaH>e kctohi 9, Kao rjiaBHor npoH3-

BOfla, y ynynHOM npraocy op, 15,8%, panyHaTO Ha I, pok Merofl D aaje kctoh 10, Kao ochobhh

peaKUHOHii npoH3BO«, y yKynHOM npHHocy op 16,1%, paiyHaTo Ha J. FIpoMeHAHBocT ojjHoca

npHHoca 9 opens JO, y (]>yuHUHjH npHpo/je oKCHAaHca a pacTBapana y noiwe ce hsboah okch-

Aainija, 3a cajja nnje aftermaTHO o6jauiH>eHa, na cy Heonxo/ma flajBa HCTpax<HBaH>a. Kojiohahh

Se, KojH ce HHaqe TeuiKo yiuiaita H3 opraHcwix eKcrpaKTa oKCHflauHomix npoH3Bo,qa, ecpHKacHO

je ynaibeH HcrmpaibeM hcthx ca aaciiheroiM Bo^erom paorBopoM NaHSOs, hjih ca BogeHHM

pacTBopoiw KJ-Ja.

(IIpHMibeHo 13. jaHyapa 1982)
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The effect of cycles in the molecular graph on ^-electron charge distribution is

analysed for a number of polycyclic non-alternant conjugated systems (7 neutral

hydrocarbons, 3 dications and 2 dianions). The fraction of the total 7t-electron charge

arising from the effect of single cycles only (i.e. with the collective effects of cycles

being neglected) is found to be in a rather good linear correlation with the total

charge.

In the first part of this paper1 a method has been developed for the analysis

of the effect of cycles on 7r-electron charge distribution in conjugated hydrocar

bons. This approach has been later generalized2 to enable the study of the de

pendence of any 7t-electron property of conjugated molecules (as calculated within

the framework of the Huckel molecular orbital model) on cyclic conjugation.

According to refs 1 and 2, the ^-electron charge qT of the atom r can be presented

as a sum of certain topological increments, viz.,

qr = I T(a) + Z T(a,b)+ X T(a,b,c,) + (1)

a a<b a<b<c

with 7(a) being the effect of the cycle Ca, T(a,b) being the effect of the pair of

cycles Co, C&, T(a,b,c) being the collective effect of three cycles Co, Cb and Cc,

etc. These increments are further decomposed into first order, second order etc.

contributions.

The summations in eq. (1) go over all cycles, all pairs of cycles etc., con

tained in the molecular graph. In particular, if the molecular graph contains two

cycles, say Ci and C%, then

qr (bicyclic) = 7(1) + 7(2) + 7(1,2). (2)

If the conjugated system under consideration is monocyclic, then

qT (monocyclic) = 7(1). (3)

In the following we shall use the same notation and terminology as in the

first pan1 of this paper. Hence, the topological formula for 7(a) reads2

7(a) = 2*-ic«l-i / [Gr] &~Jlal-[G)[G^- CoK , (4)

\ [G]2 + 4[G-C„]2 /

183
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Note that if the size \Ca\ of the cycle Ca is even, then necessarily T(a)=0. Thus

even-membered cycles (considered as being separated of all other structural details

of the molecule) have no effect on the charge qx.

The quantity T(a), as given by the topological formula (4), is that fraction

of the re-electron charge on the atom r, which has been induced by the cycle Ca.

In the case of monocyclic molecules, eq. (4) reproduces the total re-electron charge.

Therefore, in the following our consideration will be focused to polycyclic

re-electron systems. In the present work we shall restrict our analysis to systems

having neither empty bonding, nor occupied antibonding molecular orbital energy

levels.

It can bee also shown that the first order effect of the pair of cycles C„ and

Ct conforms to the relation

Ti (a b) = - 4t: - 1 Cal - 1 c*l " ' • 1/^ l°~Ca~ C"] - [G] tGr- Ca~ Cb] \-

/ [G-Cg] [GT] [G-Cb]-[G] [Gr-Cb]\

\ [G] [G]* /

/ [G-C»] . [Gr] [G-Cg]-[G] [Gt-Cg] v[

"\ [G] [G]2 /]

(5)

(The above expression should bee identical with the term Ta(a,b) of ref. 1 . How-

erer, in ref. 1 the formula given for Tz(a,b) was not correct.)

From the mathematical analysis of the terms T(a), T(a,b) etc. a number

of general topological rules about the dependence of qT on cyclic conjugation could

be deduced1'2. On the other hand, because of the rather complex nature of these

topological formulas, a few important questions remain unsolved. The following

two difficulties are especially worth mentioning.

Firstly, the central question in our considerations is whether cyclic conju

gation increases or decreases the charge density on a given atom r. The answer

depends, of course, on the sign and the magnitude of the increment T(a). It is,

however, not possible to predict the sign of T(a) in the general case, using solely

analytical arguments.

Secondly, by neglecting the collective effects of cycles we arrive to a simple

and therefore rather attractive formula

*r**r* = Zr(a)- (6)

a

However, the legitimacy and accuracy of the approximation (6) was until now

not clarified.

Another approximate topological formula for qT would result by the inclusion

of the first order collective effect of two cycles, viz.,

qt X qr** = Z T(a)+ % T,{a,b) • (7)

a a<b

In order to make a further step towards the understanding of the topolo

gical behavior of qT, the quantities T(a) and T\(a,b) have been computed for a

series of non-alternant conjugated hydrocarbons, dications and dianions. The
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results obtained enable the formulation of some novel topological rules and, in

particular, justify the use of the approximate formula (6). The apparently better

approximation (7) is, on the other hand, shown to be less satisfactory.

RESULTS AND DISCUSSION

Calculations were performed on the conjugated systems presented in Chart 1 .

5 o5 o>

I II III

co cro oo

tv VI

VII VIII IX

r -rf-

XII

Chart 1

In Table I the computed T(a), Ti(a,b), qT, qT* and qr** values for azulene

are collected, whose atoms are labelled as follows.

The molecular graph of azulene possesses three cycles: a five-, a seven-

and a ten-membered one. These are labelled by Ci, C2 and C3, respectively.

The same topological parameters have been determined for all conjugated

systems given on Chart 1. A detailed tabulation is, however, omitted3. The case

of azulene seems to reflect all the characteristic features of our analysis.

By inspection of the results given in Table I, it can be seen that the Huckel

charges qr correlate considerably better with the sum of the single ring effects,

q* (correlation coefficient p=0.999), than with the sum of the effects of single

rings and pairs of rings, q** (p=0.928). The same is true also for the compounds
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TABLE I. The effect of cycles on the rt-electron charge distribution in

azulene (IV). Note that |Ci| = 5, |C2|=7, |CS| = 10. Since Cs is an even-

-membered cycle, T(3)=0. Since both Ci and C2 are odd-membered cycles,

Ti(U)=0.

r T(l) T(2) Vl.3) T1(2,3) |
«r

-1 -.0716 +.0186 +.0331 -.0171 1 -.0530 -.0369 -.0466

2 '-.0927 -.1503. +.0*88 ♦.1200 | -.2428 -.0740 -.1729

3 -.0658 +»xJ$44 +.0319 -.0197 | -.0314 -.0193 -.0274

4 +.151} +.0463 T.W2 -.0273 +.1976 +.0271 +.1451

5 -.0251. +.0375 +.0262
-.0207 1

+.0124 +.0180 +.0136

6 +.1562 +.0450 -.0805
-0269 J

+.1812 +.0738 +.1300

II, III, V and VII. (For the other investigated systems q*=q**, because they

possess no even-membered cycles and thus1, T\(a,b)=Q for all pairs of cycles

Co, Cs.) In particular, in the case of VII no correlation can be observed between

qT** and qT.

In the present moment we cannot offer a satisfactory explanation of this

effect. It seems probable that this is a consequence of the fact that eq. (7) takes

into account only the first order influence of pairs of rings. One should note that

in the perturbation molecular orbital theory it occurs quite frequently that the

first order approximation gives a much better description of the chemical behaviour

of the molecules than higher order approximations4.

The correlations between qT* and qT are summarized in Table II. From

the Table it can be concluded that an excellent correlation exists between the

Hiickel 7t-electron charges and the quantity qr*, given by eq. (6). Moreover, qT

compound A B ?

X 0.618
2.10"4

1.000

xz 0.624
2.10"4

0.995

0,912 2-10"? 0,998

IT 0.724 2.10"* 0.999

V 6.956 4.10"* 0.980

▼I 0.620 -1.10"5 1.000

VII 0.503 2.10-5 0.991

7XIX 0.560 4.10-5 1.000

IX 1.232 L10-5 0.972

X 0.720 -1-10-3 1.000

XI 0.714 6'10"* 1.000

XII 0.857 1-10-5 1.000

TABLE II. The correlation qr=AqT*+B for

the compounds from Chart 1. The parameters

A and B are obtained by least squares fitting;

the pertinent correlation coefficient is p. Note

that in all cases studied, B is practically equal

to zero

is found to be simply proportional to the sum of effects of single cycles. The pro

portionality constant (denoted by A in Table I) differs, however, from molecule

to molecule. It is interesting to note that in the most examples, eq. (6) gives higher

values than predicted by the HMO theory.
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In the context of the topological theory it is of some interest to consider

the effect of the size of the cycle Ca on the magnitude of T(a). In Table III the

ratios T(a)IT(b) for several molecules are collected. Only the terms for atoms

belonging to both Ca and C& are considered.

TABLE III. Relative effects of rings of different size

on the Tc-electron charge of an atom. Note that smaller

rings have always larger effect.

ring size r a t i o

compound

five/seren | five/nine ] five/eleyen

2.62 2.20 1

ii
1

1

2.36 2.22

2.51
1

1|1 1

m 1

1

2.16 2.44

1.69
1

11

17 -1.91 ,
1

VII 1
3.25 3.35 | -7.12 -7.36

J.
5.X*

1

The data given in Table III suggest that smaller rings have greater effects

on the 7t-electron charge than larger rings. It is somewhat surprising that this

relative effect diminishes quite slowly as the ring size increases. The data for the

ratios T{a)jT(b) for five- and nine-membered rings show that their value consid

erably depends upon the global structure of the molecule. Accordingly, there

is no basis for a priori neglecting of the effect of large rings in the evaluation of

the 7c-electron charge on a particular atom.

A detailed inspection of our results indicates that certain conclusions about

the effect of the molecular structure on the charge on a particular atom can be

drawn.

1) It is confirmed that (4m+ l)-membered rings induce a higher electron

density on the atoms which belong to these rings. The effect of (4w— l)-mem-

bered rings is opposite.

2) If a conjugated chain is. attached to an odd-membered ring, then this

ring induces charges which alternate in sign along this chain. The charge induced

on the first neighbour of the ring is of opposite sign as that of the ring, the charge

induced on the second neighbour is of the same sign as the charge of the ring, etc.

3) The magnitude of T(a) depends on the ring size, being greater for smaller

rings. Nevertheless, the T(a) values of large rings are still of considerable magnitude

and it is not legitimate to neglect them in eq. (6). Hence, in the analysis of the

dependence of the 7t-electron charge distribution on molecular topology, one

must consider the effect of all odd-membered rings irrespective of their size.

4) When the collective effects of cycles are taken into account (via the term

Ti(a,b)), no improvement in the correlations could be observed. Accordingly,

the use of the rather simple topological relation

qr = AZT(a) (8)
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is sufficient for the prediction of charge densities, and very promising as a tool

for the analysis of topological effects on the charge distribution.

H3BOJ

O 3ABHCHOCTH PACnOflEJIE 7t-EJlEKTPOHCKOr HAEOJA OJX MOJIEKYJICKE

TonoJiorajE. ii

HBAH rVTMAH h HBAH jyPAHHTi

npupoduo-MauieAtauiuHKU fancy.itueui y Kpaiyjeeuy u IlpupodHo-MaiueMaiuuHKu $axyAwew y

Eeotpaby

AHajDonpaH je yrauaj npcreHOBa y MoneKyjicKOM rpacpy Ha pacnoflciry Tt-ejieiopoHCKor

Ka6oja 3a KH3 nojnmHKJunonnc ReajrrepHauTHHx KOHjyroBaHiix cucTeMa (7 HeyTpajiHHx yrjbo-

BOflOHHKa, 3 AHKaTjoHa ji 2 AHaHjoHa). HabeHO je fla je fleo yKynnor it-eJieicrpoHCKor Ha6oja,

KojH Hacraje ycnefl yniuaja nojcwmamnix npcreHOBa (Tj. K&aa ce 3aHCiwape KOJieKniumi ecpeKTii

BHine npcreHOBa) y BeoMa .aoGpoj JiHHeapHoj Kope.iauiijn ca yKyniwM naoojcM. TjiaBHH pe3yjrraT

pafla jecre noTBp,ia Ba.i>aHOCTH anpoKCHMaTHBHc TonoJiouiKe (popMyjie (8).

(npHMJbCHO 22. jamapa 1982)
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yeuuiap 3a eAexuipoeHepieuiuKy, Euepzoumecui, 71000 Capajeeo

(IlpHMJbeHo 15. anpuna 1981. peBmuipaHo 12. <pe6pyapa 1982)

CHUieni30BaHa je ccpuja oa ner enoKCHAHHx CMojia ca paauHMHTHM enoK-

ciiahhm eKBHBajieirrHMa Koje cy yjvipeweHe aHXHflpnno.M <j>TajIHe KHcejume. Ya

npemocTaBKy jza je 6poj nonpemuix ne3a nponopiwoHanaH ca/n)>Kajy enoi<cHflHHX

rpyna, oahocho oCpHyro nponopmioHajian enoKCH-eKBHBaJieirry, aHajnranpaH je

yTHuaj rj-CTHHe yMp«Ken.a Ha itexaHHMKa, cneKTpH*ma h fymwina. cBojcrBa. Tawna

npejia3a y CTaKJiacTo CTan>e H3 flHeJieKTpHMHiix iwepeifea, Ts, pacjia je ca KuaApaT-

hiim KopeHOM H3 creneHa yiwpe>KeH>a (caflpwaja enoKCHfla). Tawa Vicat (moah(Phko-

BaHa) ce Meibajia Ha cjiHHaH Hawn ca CTeneHOM yiwpe>KeH>a anH je oiiiia aa oko 10°

Hiw<a on Tt oApe^eHe A«ejieKTpnHHHM MepeifcHMa. IlpoMeHe AHeJieicrpiPiHe koh-

cTaHTe, MOAyna ejiacTmmocra, TBpAohe, crrnopHOCTH Ha yflap h casojHe iBpcrohe

ca npojueHOM rycraHe yiwpe>KeH>a HHTepnpeTHpaHe cy HMajyhH y BHfly CTpyicrypHe

KapaKTepHCTHKe nojiiiiwepa.

EnoKCHflHe CMOJie cy TepMopeaKTHBHH MarepHjanH Koja ce 3arpeBaH>eM y

npHcycrey „OTBpAH>HBaia" npeBOfle y HeronjBHBe h HepacTBopHe np0H3B0ne.

KoMepimjajiHe CMOJie ce npoH3BO,ne y umpoKOM pacnoHy MOJiapmix Maca, op,

340 flo HeKojiHKO xnjiafla. EyayhH fla h>hxobo yjwpe>KaBaH>e Teie npeno enoK-

chahhx rpyna Koje ce Hajia3e Ha KpajeBHina jiaHna, h fla h>hxob caap>Kaj ona^a

ca noBehaiteM MOjiapHe Mace, to rycniHa yjwpe>KeH>a onana ca cMaaeifceM caap>Kaja

enoKCHAHHX rpyna y nojia3Hoj cmojih. IIpoyiaBaifce ynmaja rycTHHe yMpe>KeH>a

11a ocoSnHe nojiniwepa je Ba>KHO Kano ca TeopnjcKor Tano h ca npaKTH^Kor cra-

HOBHUJTa.

IlponeHa rycraHe yMpe>Keifea je jenaii oa HepemeHHx npoGjieMa nojiHMepHe

xeMnje. Koa cjia6o yMpe>KeHHX nojiHMepa MO>Ke ce kophcthth Merofla 6y6peH»a1

hjih ce rycTHHa y>vpe>KeH>a MOH<e nponennTH H3 no^erHor Moayjia ejiacnwHocrH2.

EnoKCHflHe crcojie cy jano yMpe>KeHH chctcmh, ca Bpjio iwajiHM 6y6peH>eM a Ka-

paKTepH3anHja TaKBHX CHcreMa je npeaivieT aKTHBHor HCTpa>KHBaH>a3. 36or Tora

je y obom pa/ry npeTnocraBJbeHO na je rycTHHa yMpe>KeH>a ynpaBo nponopuHO-

Hajma caflpwajy enoKCHnmoc rpyna y cmojih, H3pa>KeH0M y nponeHTHiwa.

PerynHcaHje crenena yMpe>Ken>a ce MO«<e nocrahn Bapnpan>eM npeMeHa

pearoBaH.a (npeKnaaH>eivi peaKunje y pa3JiHMHTHM craanjyMHMa H3pearoBajiocTn)

h-th ynorpe6oivi CMojia ca pasjnraroiM enoKCHflHHM eKBHBajieHTOM h Bo^eH>eiw

peawmje yiwpeH<aBaH>a no npaja. y obom pa#y je KopnmheHa apyra MeroAa.

riouiTO ce creneH yMpe>KeH.a oflpaHOBa na TaMKy npe^a3a y craKnacTO craH.e

to cy y3opnHMa CMOJia pa3JHWHTor creneHa yMpewefta Hajnpe oflpetjHBaHe Tg,

189
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flH&neKTpHMHHM Mepe&HMa arm h TepMOMexammKe KapaKTepHCTHKe Roje cy ca

HjOm y Be3H- JlofiHjeHe 33bhchocth npeACTaBJtajy KajmGpairaoHe KpHBe Koje

ce inory kophcthth 3a npoueHy creneHa yivipe>KeH>a enoKCHaa. HcimTHBajfeeM

yTHuaja creneHa yjwpe>Keii.a Ha MexaHHwa CBojcTBa Har)eHe cy pejiaimje Koje

OMoryhyjy npoueHy HcnpaBHOCTH Bor)eH>a nponeca yjwpe>KaBaH>a.

y*ipe>KaBaH>e CMOJia je H3BpmeH0 noiwohy aHXHApHAa cpTajme KHcejruHe

(AOK). IloujTO cy HeKe CMOJie 6HJie Te«nie a Apyre MBpcre, to je 6hjio noTpeoHo

HahH 3ajeAHH*n<H OTBpAH>HBay. YoGHMajeHO je a3 ce Te*me CMOJie yi«pe>KaBajy

aMHHHMa a MBpcre aHXHApHAHiwa. To je aohckjic ycjiOBJbeHO peaKTHBHOiiihy

OTBpAH>HBaMa, TeMnepaTypoM OTBpAH>aBaH>a h TaqKOM TorubeH>a OTBpAftHBaia.

Jla. 6h ce MBpcre cjwojre npepar)HBarae noTpe6HO je aa ce Hcrone, a na thm TeMne-

paiypajwa aiwHHH cy cyBHuie peaKTHBHH h H3a3HBajy 6p30 H<ejrHpaH>e. 36or Tora

je H3rjieflano npnpoAHHje kophcthth A<J>K 3a yMpe>KaBaH>e cbhx CMOJia naKO

ce y npaKCH oh ca tchhhm ciwojiaina He kophcth. JlpyrH paanor 3a H36op AOK

je uiTo je peaKunja c h>hm Maite cjioweHa h MOH<e ce npcucraBHTH ynpomheHHM

MOflejioiw no KOMe aHXHAPHA npBo pearyje ca xhapokchjihom rpynoM Aajyhn

MOHoecTap h cjioSoflHy KapGoKcmiHy rpyny Koja 3aTHM pearyje ca enoKCHflOM

cTBapajyhH HOBy ecrapcKy Be3y y3 HacraHaK xHApoKCHJiHe rpyne4. VMpoKaBa&e

ce flajte HacraBJba peaKUHjaiwa XHApoKcwiHa rpyrra — ahxkapha h Kap6oKCHJi

— enoKCHA .

OAcrynaifce oa OBor MexaHH3Ma Hacraje 36or CTBapaifca eiapcKHx Be3a y

peaKrrnjH XHApoKCHJi — enoKCHA KaTajiH30BaHoj khccjihhom ajut H3rjieAa Aa y

orynajy AOK OHa HHje y Behoj iwepn 3acryrubeHa (koa ja^nx KHcejiHHa je 3HaraHje

H3pa>KeHa)4. Flo npeA^oweHOM MOAeny jeAaH moji anxHAPHAa pearyje ca jeAHHM

eKBHBajieHTOM enoKCHAa. Y npancn ce Taj oahoc noKa3ao HajnoBOJbHHjitM iuto

yKa3yje Ha TO&eHHiry Aa je rrpeAJioweHH MexaHH3aM y Be.raKoj iwepH KopenTan.

EKCnEPHMEHTAJIHH ^EO

ner CMOJia 6HC(peHOJiHor THna, ormcaHe paHHje5-7, Hiwane cy cajrpwaj enoncHfla oa 5,5

AO 20,6%. XeMHjcKe KapaKTepHCTHKe obhx CMOJia jjaTe cy y Ta&nmm.

TAEAHLIA — TABLE

KapaKTepHCTHKe enoKCHflimx CMOJia

Properties of epoxy resins

03Haxa CMOJie CaApxcaj EnoKCH- Cajrpwaj Bpe.Me

enoKCHAa -eKBHBajieHT OH rpyna mejiHpaH>a

Resin designa Epoxy Epoxy Hydroxyl Gel time

tion content eqivalent content

(%) (kg/ekv) (%) (min)

1 20,60 209 1,41 190

2 12,90 333 4,38 60

9,73 442 4,52 78

4 6,98 616 4,91 55

5 5,50 782 5,59 18

Bpe/we Hcejinpaiba je oaper^eHo Ha 130° ca A<t>K kojh je ysmwa y OAHocy 1 mol Ha 1

eKBHBajieHT enoKcnaa. AOK ynoTpeCjbeH y obom pa,uy je 6ho aHajiHnrwe MHcrohe.

y3opim 3a ncnnTiiuaH>e cy npaBJbeHH MemaiteM HcrombeHe CMOJie ca AOK Ha 135°

h H3aiiBaH>e.M y Kajiyn 3a nnovc fleSjbHHe 3 mm. OTBp/rn>aBaH>e je Bot)eHO Ha 140° y TOKy 15
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cam. Ha obhm ycjioBHMa KapaicrepHCTHMHe Tparce 3a enoKCH/nry rpyny h aHXHflpiw y HH(ppa-

upBeHOM cneKTpy Hacrajy Beh nocne jeflHor caia. ^jthm 3arpeBan>eM je, npeTnoCTaBJba ce,

H3BptueH0 nomyHO yMpe>Keibe. y3opiw 3a MexammKa iicmmiBaiba cy Hceaami H3 iuioqe Ha

yperjajy 3a cenea-e.

OrnopHocT Ha yaap h caBojHa nBpcroha no Dynstat-u cy onpehHBaHe npe.via DIN 53453

iia Flexometru „Dynstat" npoii3BOA'be Ets L. Jaudoin-prom, <t>painrycKa.

TBpfloha ca Kyrjioiw npewa DIN 53456/73 oaperjHBaHa je Ha anapaTy Testor HT 2004

(pnpMe Tesrwell (4>paHiiycKa).

Mo/ryn tnacTHMHOcra je oflpet)HBan ira iiepno.ua ocuanaunje Be3aHHX KJiaTaHa koa Kojwx

je Be3a ocTBapeHa npeKo y3opi<a, Ha anapaTy Elasticimeter <pHpine Roland-Sorin (ct>paHuycKa).

TaiKa Vicat Koja ce kophcth Kao Mepa TonjioTue CTa6HJiHOCTH TepMomiacra KopmuheHa

je OBfle ca M&no.M H3MeH0M. HaHMe, 3aaaT0 npoAHpaite HTJie y iwaTepwjaji je h3hochjio 0,25 a

He 1 mm Kao 3a TepMonJiacre jep je HaljeHo Aa noA thm ycnoBHiwa ona OATOBapa npn6jiH>KHO

TonjioTHoj craSmiHocTH oAper)eHoj no ASTM D648—56 8. Cbh ocrajiH ycnoBH oATOBapajra

cy ohhm no DIN 53460.

JlHejieKTpHMHa KOHcraHTa h TaHreHC yrJia rySirraKa, tgS, cy OApebraami npH 50 Hz

Ha Schering-OBOM Mocry (pnpMe „Tettex", IUBajuapcxa.

PE3YJITATH H JIHCKYCHJA

IloiiiTo cy caAP>Kaj enoKcnaa y %, X h enoKCH-eKBHBajieHT, E, y kg/kg

ekv o6pHyTo nponopimonajiHe Bejnrawe9: E=4300/X to ce rycrHHa yivipe>Keiba

MO>Ke H3pamaBaTH npeKo je/jHe hjih apyre BejnroHHe.

col

 

OiHKa 1 Figure

yrauaj enoKCH eKBHBajieHTa Ha TaMKy

, Vicat

600 TOO 800 The effect of the epoxy equivalent on the

tpdsiekwfcrtbftvl Vicat point

Ha cji. 1 aaTa je npoAieHa TaiKe Vicat ca enoKCH-eKBHBajieirroM. EnoKCH-

-eKBHBajieHT npeAcraBJba pymnny jiaHira Koja OTna^a Ha je^ny enoKCHjnry rpyny

h MOHte ce CMaTpaTH #a je Ta ay>KHHa nponopuHOHajiHa cpe,nH>oj 6pojHoj iwojiapHoj

nacB Mpe>KHHx jiaHaua (eitni. network chains) Tj. jiaHana H3Merjy flBa iBopa

Mpe>Ke. EyayhH aa je 33bhchoct ca cji. 1 juiHeapHa, npoH3HJia3H Tam<a Vicat

jiHHeapHO onafla ca nopacroM a>>khhc mpokhhx JiaHaua.

TaHreHC yrjia AHejieKTpH^HHX rySnraKa aocnoKe CBojy AiaKCHMajiHy Bpea-

hoct Ha Tg iuto je HJiycrpoBaHO Ha cji. 2, 3a CMOJiy 6p. 3. Ca obhx cjiHKa ce Ta
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KOr)e bhuh flHeieKTpHmm ryfjHiiH H3Haa Tg, Tj. y BHCKoejiacnmHOM craity,

noHOBo pacry iuto je npHimcaHo j'ohckom npoBoljeiby Koje je 3HaTHO o.iaKinano

Ha bhcokhm TeMnepaTypaiwa.
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CjiHKa 2 Figure

3aBHCHOCT tgS h tr ofl TeMnepaType 3a

CMOJiy 6p. 3

Temperature dependence of tg8 and er of

resin No. 3

~20 ' 60 5 HO
Tetnperaturare]

CnHKa 3 Figure

3aBHCHoCT tgS 0^ TeMnepaType 3a cmo-

ny 6p. 1,2,3,4 h 5

Temperature dependence of tgS for resins

No. I, 2, 3, 4 and 5.

y obom cjr/Majy joHCKe HeMHCTohe Mory 6hth HenpopearoBajiH SHXHupup,

dpTanHe KHcejiHHe hjth caiwa rfpTajma KHcejiHHa.

Ca noBehaibeM cTeneHa yjwpe>KeH>a pacre h Tg jep je noTpeoHa Beha eHepraja

aa H3a30Be KpeTaae HMo6HJiH3HpaHHX jiaHana nonpenHHM Be3a«a Tj. KpeTaite

aejioBa AipoKe. To ce onawa h Ha en. 3, nao noiwaK Tg Ka bhuihm TeMnepaTypaAia

ca nopacroM creneHa yMpeweaa. HcTOBpeMeHO ce onano ga h MaKCHAiajiHH ryoHUH

pacry ca caapHcajeM enoKCH.ua. To je KBaHTHTaraBHo npHKa3aHO Ha cji. 4. MaKCH-

MajiHa Tg je H3HOCHJia 144° (3a owojry 2) h 136° (3a CMOJiy 1). ByjryhH aa je Tg

Beonia ocerjbHBa Ha creneH yiwpe>KeH>a OBa mnbemma yKa3yje Ha MoryhHOCT

Beher yiwpe>KeH>a koa CMOJie 2 uito MOH<e 6hth y3poKOBaHO iwajiHM npncycTBOM

OH rpyna y cmojih 1, HeonxoflHHx aa ce nponec yjwpe>KaBaH>a aHXHflpHflOM He-

cMeTaHO oflBHja.

JJoCnjeHa 33bhchoct tgS y (pyHKinijH ca#p>Kaja enoKCHfla no*ieTHe aione,

flanjie CTeneHa yiwpeH<eH>a, oivtoryhaBa nponeHy pejianiBHe yMpoKeHOcm 6hjio

Koje OTBpflHjrre 6HapeHOjme CMOJie aHXHflpHflOM dpTajme KHcejiHHe. rpamiUHH

cjryqaj, Tj. enoKCKUHy ciwojry 6e3 enoKCHflHHx rpyna npeflcraBJbao je y3opaK

dpeHOKCH CMOJie iwojiapHe Mace 47000 Kojn je cHHTeTH30BaH H3 SnccpeHOJia A h

enHXJiopxHUpHHa npn cTexHOMeTpHjcKOM oflHOcy 1:1. 06jauiH>eH>e nopacra ry
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6HTKa ca nopacTOM yiwpe>KeHOCTH unje jefliiocTaBHO. BepoBarao yj\eo y rySHiywia

HAia h joHCKo npoBOr)eH>e noje je lopawemije koh ciwojia ca BehHM caapwajeM

 

CjiHKa 4 Figure

ripoMeHa TeMuepaType MaKCHMyjvia Ha kphboj tg8=f(70 m Bpea-

hocth tgSmax y (pyHKirnjH ca;rp>Kaj enoKCH rpyna

Variation of temperature of the maximum on the tg8 = f(7*) curve

and tgSmax values with the epoxy group content

aHxvmpHfla h Ha BHiuoj TejvinepaTypH. IlpoMeHa MaKCHMajme BpeflHocra AHeneK-

TpniHe KOHCTaHTe ca nopacrcM Ay>«HHe MpewHor jiamia ojjhocho Afw noneTHHX

c.MOJia flata je na cji. 5.

-rax.
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CjiHKa 5 Figure

YTHuaj Afw (i<pHBa 2) n enoKCH-eKtui-

BajieBTa (KpHBa 1) Ha er muz

The effect of Af« (curve 2) and epoxy

equivalent (curve 1) On Srmtx

OnaaaH>e sr>max ca noBehatbeM enoKCH-eKBHBajieHTa Mo>Ke ce ofjjacHHTH,

TaKOr)e, onaaaifceM KOHueHTpaiiHje cjio6oflHe (pTajiHe KHcejiHHe h H>eHor aHXH-

ApH^a y cmojih, o63HpoM /ia cy KHcejiHHe jaw jxnnonw Hero cerMeHTH ciwone
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a TaKo^e h CHawmiM yiemheM yrpal)eHHX jeAHHHiia aHXHflpnaa y npocropHy

Mpe>Ky CMOJie, y aiuiojihom MOiweHTy cenweHTa. CerMeHT y cjiyqajy yivipe>KeHe

ciwojie HeMa KJiacHMHO 3HaneH,e OAcem<a jiHHeapnor jiaima. yMecro Tora, y obom

cnyMajy to 6h 6ho eKBHBajieHTHH aeo TpoAHJweH3H0HajiHe jvipe>Ke Koja KapaK-

Tepnuie KooneparaBHO Kperaite aTOiwa.

ripejia3 y cTaKjiacTO craae yMpoKemix csiojia ce nperao y pacnoHy oa

144° 3a Hajryuihe yjwpe>KeHy CMOjry go 120° 3a cjia6o yjvtpe>KeHy CMOJiy 5, a iwaK-

cHManHa feMnepaTypa ynoTpe6e (36or umpHHe MaKCHMyiwa) obhx MaTepnjaJia

Kao MexaHH^KHx Hocaqa je oko neTHaecr crenenH hhho oa Tg. rpainwHH cirynaj,

ciwojry 6e3 yi*ipe>KeH>a, npeflcraBJbana je 4>chokch ciwojia ca rg=65°.

H3 flocaAa HaBe^eHHX pe3yjrraTa ce bhah aa. Tg pacre ca CTeneHOM yiwpe-

>Keifca, h aKO ce npeTnocraBH Aa je 6poj nonpenHHx Be3a nponopuHOHanaH npo-

qeHTy ca^pnoja enoKCHAHHx rpyna, Ta^a aaTa 3aBHCnocT Hiwa o6jihk napaSojie

7,g=f(e1'2) rfle je e — caap>Kaj enoi<CHAa (hjih 6poj nonpemutx Be3a). Ta*n<e

Vicat cy ce Meitajie aHajiorao, h ochm y cjry^ajy civiojie 2, y cbhm ocrajiHM cjry-

wajeBHMa je Sana oko 10° hhho oa TeiwnepaType AiaKCHMyAia Ha tgS=f(T) KpHBoj,

ujto yKa3yje Ha H>eHy noroAHOcr 3a OApel)HBaH>e ropite pa^He TeMnepaType Ma-

TepHjana.

MexaHHMKa CBojcrBa obhx nojiHMepa HcnHTHBaHa cy Ha co6Hoj TejwnepaTypH.

3aBHCH0CT Moayjia ejiacronHOCTH h TBpflohe oa enoKCH-eKBHBajieHTa ^aTa je

Ha cji. 6.

Moayji e^acTHMHOCTH onawa oa oko 4,0 GPa 3a HajyjvipeH<eHHjH nojiHMep,

(enoKCH-eKBHBajieHT 170), ao oko 3,05 GPa 3a CMOjry ca HajBehHM enoKCH-eK-

BHBajieHTOM (enoKCH-eKBHBajieHT oko 800). HajBeha BpeAHOcr je Ao6HjeHa ca

KOMepAHjaJIHHAl HHCTHAI AHTJIHHHAHJl-eTpOM , AOfiHjeHHM AeCTHJiaUHjOM, KOjH 6h

no cacraBy 6ho npH6JiH>KaH cmojih 1. Mel)yTHM MOAyJi CMOJie 1 6ho je 3HaTHO

hh>kh, ujto je HajBepoBaraHje y3poK0BaHO BehHM caApnojeM xjiopa y cmojih

(oko 1%)- PacnoH MOAyjia nnje bcjihkh h h3hoch oko 20% paqynaTO Ha HajsehH

Moayji. To ce Mowe o6jacHHTH ^HfteHHiiOM Aa y craKjiacroM crafty, rsuicko ncnoA

Tg (oko 100°), yinpoKe&e HeMa 3HaTHHjer ynmaja jep cy cerMeHra HHane hmo-

6iuiHcaHH, na AOAaTHa HMo6HJiH3auHja yAipe>KaBaifceM Heaia Beher e4)eKTa. Ha

>KajiocT, pacnoH enoKCHAHHX eKBHBajieHaTa Aarax oviojia mije bcjihkh Te ce He

yoMaBa acHMnTOTCKO npH6jiHH<aBafte cpyHKunje Henoj AOH>oj BpeAHOCTH MOAyJia.

Ha KpyTOcr (MOAyJi) y3opKa AOHeicjie yTHne noBehaite rycmHe y3opKa ca noBe-

haiteM yiwpe>Kefta ajm Ta 33bhchoct HHje noceoHo aHajiH3HpaHa nano H>eH ao-

npHHOc nocTojH h y Aaroj 33bhchocth MOAyna.

IlpoMeHa TBpAohe ca npoiweHOM enoKCH-eKBHBajieHTa cjiHMHa je npoMeHH

MOAyjia ejiacTHMHOCTH ca npoMeHOM enoKCH-eKBHBajieHTa. To je h pa3yMJtHB0

nouiTO cy OBe ABe BejinnHHe noBe3aHe, jep Mepefte TBpAohe ce cacrojH y Me-

peity AecpopMaunje (npn ca6njafty) npn KoncraHTHOM orrrepehefty. FIouito je

3aBHCH0CT Ae(Jx>pMauHje, e, oa onTepeheifca c AaTa Hooke-OBHM 3aKOHOM, a=Es,

jacHO je Aa he y AOMeHy nponopHHOHajmocTH nanoHa h Ae^opMaiuije, z 3aBiiCHTH

oa MOAyJia E, npn KOHCTaHTHOM a. To je hoccSho npHMeHJbHBO Ha MaTepnjajie

Kojn HeMajy H3pa>KeHa BHCKoeJiacrnqHa CBojcma, Kao ujto cy yAipeweHH enoKCHAH.

H y cjiyyajy TBpAohe, AaKJie, onan<eHO je acHMnTOTCKO npn6^HH<aBaH>e Henoj

KOHa^HOj BpeAHOCTH npH BeJIHKHM enOKCH-eKBHBajieHTHMa.

OTnopHocT Ha yAap ca caBHjanbeM Mel)yTHM pacre ca nopacroM enoKCH-

-eKBHBaneHTa (cji. 7). OTnopHocr na yAap ce Mowe TyiwanHTH Kao oiocoGhoct

MaTepnjajia Aa ancop6yje Aeo eHeprnje yAapa h Aa je AHcnnnpa y o6jiHKy to
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nnorc. YKonHKO to HHjc Moryhe, CBy eHeprnjy yaapqa npey3HAiajy xeMHjcKe

seae, h ano je oHa Beha oa eHepraje Be3a Aohn he ao npejioivia. Ma^a je obo ynpo-

iuheHH MOfleji noHaiuaita MaTepnjajia, jep He y3HJ*a y o63Hp fletpeKTe y MatepHjajiy

 

Cjihks 6 Figure

3aBHCHOCT MOflyjia ejiaCTHMHOCTH H TBp-

aohe oa enoKCH-eKBHBajieirra

Dependence of the Young modulus and

hardness on the epoxy equivalent

755 600 «So~

tpoksi tkrivaltntptglkgiMyJ

CnHKa 7 Figure

3aBMCH0CT oTnopHOCTH Ha y^ap ii ca-

BojHe MBpcTohe yjupeweHe ciwojie o/j

enoKCH eKBMBajieHTa

Dependence of impact and flexural

strengths on the epoxy equivalent

h apyre (paKrope, noKa3ao ce kophchhm 3a HHTeprrpeTaimjy noHaiuaH>a nojiHMepa.

IIojiHMepH kojh Hiwajy BejiHKy noKperjBHBOCT ceriweHaTa Mory Aa arrcopSyjy

BejiHKH aco eHepnije. To je cnywaj ca nojiHAiepHiwa y BHCKoejiacTHMHoiw craay

koa KojHx npHJiHKOM yAapa £0Jia3H ao oa»iOTaBaH>a MOJieKyncKHx KJiyrwa (yno-

jihko je Bpeiwe pe^aKcauHje Kpahe oa BpeiweHa yAapa). y craKJiacTOM craH>y

Ba>KHy ynory HMajy h ceKyHAapim pejiaKcauHOHH npejia3H, KojH ce npnnHcyjy

poTaimjn MaftHx KHHenwKHx jeflHHHua oa ceraem-a. Koa enoKCHAHHx CMOJia

y obom orytiajy, caiwo OBa noKpeTjBHBocT HMa yrauaja. Ca noBehaH»eM cTeneHa

yMpe>KeH>a pacre creneH HMo6miH3aimje JiaHua h onaAa H>nxoBa cnoco6HOCT

ancopniuije eHepraje. PejiaKcauHOHa BpeiweHa Ha co6Hoj TeiwnepaTypH cy pejia-

thbho A^ra Te je 36or Tora oniopHOcr Ha yAap pejiaraBHO jwana, y noper)eH>y

ca HH30M TepMon^acrHMHHX MaTepHjajia. Hnai<, onawa ce Aa ca nopacToiw py-

>KHHe Mpe>KHor JiaHua y HauieM oryiajy ornopHOCT Ha yAap pacTe 3a oko ner

nyTa. Obo je Ba>KHa MHH>eHHHa ca npaKTHMHor craHOBHiuTa.

CasojHa MBpcroha yiwpeHteHHX enoKCHAa ce Aier)yTHM HHje Men>a;ia ca no-

BehaH>ei« yiwpe>KeHOCTH (cji. 7). .Ha 6h ce oSjacroio Taj dpeHOiweH Tpe6a y3eTH

y o63Hp Aa je iBpcroha (pyHKirnja ja*mHe xeMnjcKHX Be3a, jaMHHe Mer)yjviojie-

Kyuaoix Be3a h AcqbenaTa y CTpyicrypH. (D63hpom Aa cy y aryiajy enoKCHAHHx

CMOJia npBa ABa yTauaja cnHiHa koa cbhx aviana h a» je 6poj ACcpenaTa y iwaTe
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pnjajry 6ho onipHJiHKe hcth kojx cbhx y3opai<a jep je pacnnaibe pe3yjmTa 6hjio

Majio ii y rpaHHuaAia rpeiiiKe iwepeita. Moryhe je aa je OBaj Tpehn qbaKTop ao-

MHHaHTaH h /ja je oape^HBao caBojtiy HBpcrohy y3opKa.

3AKJbYMAK

y nocMaTpanoM no,npyijy TeMnepaTypa, oa 20 ao oko 150° onanta ce caiwo

jeaaH pejiancauHOHH npejia3 koa yivipe>KeHHX enoKCHfla Ha oko 120 — 140°,

KojH je npHnncaH npejia3y y craKJiacro craibe. TaiKe Vicat cy 6mie 3a oko 10°

HHwe oa ona>KeHHX Tg.

Taqna npejia3a y craKJiacTO craite, o,nper)eHa H3 flHejieKTpH*nmx Mepe&a,

pacjia je ca KBaApaTrotM KopeHOM creneHa yMpe>KeH>a.

JlHeJieKTpHHHa KOHcraHTa je noKa3HBa.ia Harrm ckok npH npejmy H3 cra-

miacror y BHCKoejiacTHiHO crait>e .

MoAy-Ji ejiacTHMHOCTH h TBpfloha cy pacjm no cjimmhoj 3aBHCHOCTH ca no-

BehaH,eM creneHa yMpe>KeH>a.

OTnopHocr Ha yaap je JumeapHO pacta ca noBehaH>eM ay>KHHe mpokhhx

;iaHau,a (hjih onaaajia ca noBehaifceM yiwpe>KeH>a).

CaBojHa HBpcToha ce mije MeH>a^a ca noBehaiteM yjvipe>KeHOCTH ihto je

npmmcaHO /lOMHHHpajyheM yrauajy yedpeKaTa Ha MBpcrohy.

SUMMARY

EFFECT OF THE DEGREE OF CROSSLINKING ON PROPERTIES OF EPOXY RESINS

ZORAN S. PETROVIC and DZEMAL MESlC

Institute of Petrochemistry, Gas, Oil and Chemical Engineering, Faculty of Technology, University

of Novi Sad, YU-21000 Novi Sad, and *Energoinvest — IRCE, YU-71000 Sarajevo, Yugoslavia

A series of five epoxy resins with different epoxy equivalents was synthesized and cross-

linked with phthalic anhydride. Assuming that the number of crosslinks was proportional to the

epoxy group content, or inversely proportional to the epoxy equivalent, an analysis of the effect

of crosslink density on mechanical, electrical and physical properties was conducted. The glass

transition temperature Tt, from dielectric measurements was shown to increase with the square

root of the degree of crosslinking (epoxy group content). A modified Vicat point varied in a sim

ilar way with the degree of crosslinking but was for about 10°C lower than the T% obtained

from dielectric measurements. The variation of the relative dielectric constant, the modulus

of elasticity, hardness, impact resistance and flexural strength with crosslink density was inter

preted relative to the structural properties of polymers.

(Received 15 April 1981; revised 12 February 1982)
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ESTIMATION OF THE SOLVENT EFFECTS ON HYDROGEN BONDS

IN SOLUTIONS OF AN ORGANOSILOXANEDIOL
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and UBAVKA B. MIOC*
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(Received 3 November 1981; revised 25 December 1981)

The solvent effect on the free and hydrogen-bonded silanol groups in solu

tions of tetramethyldisiloxane-l,3-diol (TMDD) in ketonic and ethereal type solvents

was examined. On the basis of frequency shifts of the band of associated OH groups

it was concluded that the influence of an inert solvent (CCU) on the hydrogen

bond between TMDD molecules is the smallest, while this influence is the greatest

in ketonic solvents, the ethereal ones taking an intermediate position. From the

changes in the concentrations of associated TMDD, resulting from dilution in

various solvents, an estimation of the hydrogen bond strengths was done. The

results offer an explanation for the previously noticed differences in reactivity of

TMDD in these solvents.

It is known that organosilanols are highly associated in the solid state and

in concentrated solutions1-3. We were interested in the solvent effect on the in-

termolecular hydrogen bonding in tetramethyldisiloxane-1, 3-diol (TMDD), that

is, in the solvent effect on the free and hydrogen bonded silanol groups in the

solution of TMDD in carbon tetrachloride, tetrahydrofuran, 1,4-dioxane, acetone

and acetophenone. This investigation was undertaken in order to determine whether

any evidence can be found for the rather great difference in reactivity of TMDD

in these solvents4. The ratio of free to associated OH groups was followed by

analysis of the infrared spectra of these solutions in the region between 4000 and

3000 cm-1.

EXPERIMENTAL

Tetramethyldisiloxane-1,3-diol (TMDD) was synthesized from dimethyldichlorosilane

and recrystallized from petroleum ether.6

The i.r. spectra of TMDD were recorded with a Perkin-Elmer 457 spectrophotometer

using either the fluorlube mull technique or solutions in several chosen organic solvents. The

concentration of the solutions as well as the cell thickness were varied in the appropriate ratio

from 0.0026 to 3.00 cm, which enabled the following of the equilibrium of free OH groups "

is associated OH groups. Carbon tetrachloride was used as the inert solvent for dilution.

The solvents were of a.r. grade purity and were thoroughly dried with molecular sieves

before use.
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RESULTS AND DISCUSSION

In the i.r. spectrum of solid TMDD in the region between 4000 and 3000

cm-1 only one broad band appears at 3200 cm-1 (Fig. 1, a) which points to the

existence of strong hydrogen bonding in this compound. The solutions of TMDD

in carbon tetrachloride exhibit in the OH stretching region two bands, a sharp

one at 3698 cm-1, and a very broad one at 3320 cm-1, as seen in Fig. 1, spectra

b-e.

 

I
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<000 3500 ' 3000. , 2500

cm"

Fig. 1. IR spectra of tetramethyldisiloxane-l,3-diol (TMDD) a. Solid TMDD in

fluorolube, b. Saturated solution in carbon tetrachloride (d— 0.46 nun), c. Solution

in carbon tetrachloride (c=0.0477%; <i=2.74 mm), d. Solution in carbon tetra

chloride (e=0.0129% ; d-= 10 mm), e. Solution in carbon tetrachloride (c=0.0043% ;

d=30 mm).

The broad absorption band at 3320 cm-1 corresponds undoubtedly to asso

ciated OH bonds of TMDD which are engaged intermolecularly.

The position of the band of the free OH group as well as the band of the

associated OH groups of TMDD in the solid state, carbon tetrachloride, tetra-

hydrofuran, 1,4-dioxane, acetone and acetophenone solutions is given in Table I.

Proceeding from the fact that there is a shift of the band maximum of the

associated OH bond to higher frequencies in all solutions of TMDD, it can be
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TABLE I. The OH stretching frequencies of TMDD in the solid state and in various solvents

Postion of Solvent

OH bands in Solid Carbon Tetra-

spectrum, TMDD tetra hydro- 1,4-Dioxane Acetone Aceto-

cm-1 chloride furan phenone

Free _ 3698 3685 3680 3690 3695

Associated 3200 3320 3390 3420 3480 3500

supposed that in these solvents the basic hydrogen bond of the associate weakens

on account of the interaction of the solvent and the silanol through the hydrogen

atom which is not engaged in hydrogen bonding.

On the basis of the position of the band of the associated OH groups (Table

I) it can be noticed that the influence of the inert solvent on the basic hydrogen

bond in reference to the spectrum of the solid sample is the smallest, it is somewhat

greater in ethereal solvents, while it is the strongest in ketonic solvents.

It could be assumed that in the solution of TMDD in organic solvents,

especially in ketones, besides the existing hydrogen bond between the TMDD

molecules, a new hydrogen bond forms between the solvent oxygen atom and

the hydrogen atom of the associate which is not engaged in hydrogen bonding.

In the spectra of the solutions the interaction of TMDD with the solvents may

be seen also by a slight broadening of bands characteristic of the ethaerel and

ketonic bands in the region of 1700 cm-1. The broadening is more expressed

with the solvents of the ketonic type.

In order to obtain more information about the monomer — associate equi

librium, the i.r. spectra of TMDD in carbon tetrachloride, tetrahydrofuran, 1,4-

-dioxane, acetone and acetophenone were recorded in the range between 4000

and 3000 cm-1 and the areas of the bands in this region were determined.

From the spectra of the most concentrated solutions of TMDD, where

no bands of the monomer are detectable, the proportionality constant for the

derivation of the molar absorption coefficient of the „dimer" was obtained. Its

value was found to be (22.91 ±0.46) X 103 cm2mol_1 in ethereal solvents, and

(19.52±1.32)x 103 cm2mol_1 in ketonic solvents. This enabled a calculation of

the concentrations of both the monomer and the associated part in all solutions,

taking the associate as a dimer only. From the concentrations of the monomer

it was possible to calculate the proportionality constant for the derivation of the

molar absorption coefficient of the monomer. The equilibrium constants for the

reaction dimer 2 monomers follow from these data. They are given in Table

II. It is readily seen that, despite the rather great scatter of data, the constants

in the ketonic solvents are for an order of magnitude greater compared to the

ethereal solutions.

The change of the concentration of the associated complex of TMDD in

various solvents with dilution (Fig. 2) and the equilibrium constants point to

the fact that the weakening of hydrogen bonds with dilution is faster in ketones

than in ethers and carbon tetrachloride, which is in agreement with the position

of the band of the associated OH groups in the i.r. spectrum. The weakening

of the hydrogen bond is slower and less pronounced in ethereal solutions ofTMDD

with dilution as it can be seen in Fig. 2. These results confirm also the fact that

the hydrogen bond is better preserved in ethereal solvents, contributing to the
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TABLE II. Band intensity changes, dimer and monomer concentrations^ and dimer-monomer

equilibrium constants (5 — band area, K — equilibrium constant)

Concen Concen Concen

tration of tration of tration of

Solvent the solution Sohm. Sown* the dimer the mono Kx 1(

(mol dm-3) (lOSmol mer (103

dm-3) mol dm-3)

Carbon 0.0274 24.95 1.74 26.13 1.29 0.06

tetrachlor 0.0045 8.32 3.99 1.43 3.07 6.6

ide 0.0012 1.36 4.79 0.064 1.17 21

0.0004 0.72 5.52 0.011 0.40 14

Tetra- 0.2456 16.07 0.0 245.6 .— _

hydro- 0.0688 12.13 0.63 52.95 15.81 4.7

furan 0.0153 9.20 0.77 8.92 6.36 4.5

0.0025 5.19 2.36 0.83 1.68 3.4

0.0007 3.00 3.99 0.13 0.56 2.4

0.0002 0.69 5.72 0.010 0.22 4.8

1,4-Diox- 0.2857 17.96 0.0 285.7 — _

ane 0.0800 14.92 0.50 65.11 14.88 3.4

0.0178 9.48 1.12 9.20 8.58 8.0

0.0029 6.69 2.01 1.07 1.85 3.2

0.0008 1.38 2.20 0.060 0.74 9.1

0.0003 1.18 4.32 ' 0.017 0.25 3.7

Acetone 0.2185 11.84 0.0 218.5 .—  

0.0586 8.05 0.71 42.49 1 6.07 6.1

0.0126 4.11 0.90 4.68 7.94 13.5

0.0021 1.33 1.48 0.248 1.83 13.5

0.0006 0.59 1.52 0.030 0.54 9.7

Aceto- 0.2843 13.45 0.0 284.3 _ —

phenone 0.0762 6.76 0.60 35.73 40.49 46

0.0164 4.59 0.83 5.22 11.20 24

0.0027 0.96 1.39 0.180 2.52 35

0.0007 0.45 1.46 0.023 0.72 23

0.0002 0.0 1.49 0.00 0.2 —

Kx 10s

4.0±0.5

5.5±1.3

10.7± 1-8

32.0±5.4

E
■o

O
CD
O

• ACETONE

□ ACETOPHENONE

o 1.4

V TETRAHYDROFURAN

-1

 

-1 -2 -3

log Csolution

Fig. 2. Change in the concentration of the associated

complex in ethereal and ketonic solvents as a function

of solution concentration
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reduced reactivity of the silanol group in ethers in the reaction of condensation4.

It can be supposed also that the intercation by hydrogen bonds between TMDD

molecules in ketonic solvents is weaker than the interaction which exists in the

solid state. By adding the inert solvent (CCU) to the solution of TMDD in ketones

this interaction is being disturbed so that the process of dissociation in these cases

is faster compared to the ethereal solutions where the associated structure ofTMDD

is still maintained to a greater extent.

CONCLUSION

On the basis of the results of the analysis of infrared spectra of TMDD

in the solid state and in the solutions of carbon tetrachloride, tetrahydrofuran,

1,4-dioxane, acetone and acetophenone it can be concluded that there is a solvent

shift of the band of the associated OH groups to higher frequencies. This influence

is more pronounced in ketonic solvents, meaning that the hydrogen bond in

TMDD weakens in ketonic solvents to a greater extent than in the ethers.

The change of the concentrations of the associate and the monomer in var

ious solvents with dilution, as well as the equilibrium constants for different

solvents confirm the fact that the hydrogen bond is better preserved in ethereal

solvents contributing to the reduced reactivity of the silanol groups in the reaction

of condensation.
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113B0JI

HCnHTHBAH>E yTHUAJA PACTBAPA^A HA BOJIOHHMHy BE3y Y PACTBOPHMA

OPrAHOCHJIOKCAHflHOJIA

JBYEHHKA J. EOryHOBUR, MHJIOCAB fl. flPArOJEBHH, CJIOEOflAH B. PHBHHKAP*

h YBABKA B. MHOM*

TexHOAOiuKo-MeiuaAypiuKu $aKy/iuieui yHUsep3uiueuia y Eeoipady, u. up. 494, 11001 Eeoepad,

u *MHCuiuiuyiu 3a (fiuswucy xeMujy npupodw-MameMommKoi tfiaxy.niieuia ynueepauiueuia y

Eeoipady, u. up. 550, 1 1001 Eeoipad

HcnirrHBaH je ynwaj opraHCKHX pacTBapaia Ha ca/rpwaj „cjio6oahhx" h ..acouHpainrx"

OH rpyna TeTpaAieTKnflHcnjioKcaH-l,3-flHojia (TMDD) y pacTBopy. Ha ocHOBy nonoxKaja

TpaKc BH6pauHje „acouHpaHe" OH rpyne y paanHMHTHM cJiyrajeBHMa yoMaua ce fla je yTHitaj

HHepruor pacTBapaqa Ha ocHoBHy BoflororaHy Be3y H3Mel)y MOJieKyjia TMDD y oflHocy Ha cneK-

Tap MBpCTor y3opKa najMaitH, aok je Taj yTHqaj HajBehu koa pacTBapaqa KeroHCKor Tima. Ha

ocHOBy npoMeHe KomteHTpauHje acounpanor KOMiuieKca ca pa35iia>Ken>eM y paaniimiTHM op-

raHCKHM pacTBapawaMa, Kao h BpeAHOCTHMa KoiiCTam-H paBHOTone 3a peaKUHjy: D-2M

3a H3a6paHe paciBapane HcnHnmaHa je jamma boaohicihc Be3e.

(npHMjbeHo 3. HOBeM6pa 1981; peBHflHpaHo 25. fleueMSpa 1981)
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An investigation of aluminium — fluoride complexes in ethanol/water so

lutions was done by potentiometry at a pH of 5 in presence of an acetate buffer,

at 23°C. The total salt concentrations varied from 1.5 to 0.25 mol/dms. The con

centration of fluoride ions was measured with an ion specific electrode. The average

number of fluoride ions complexed per aluminium ion was found to depend on the

concentration of EtOH in the solution. Its value varies from 4 to 6. The stability

constants of the complexes for the solutions of 0, 25, 50 and 75 per cent of EtOH

were calculated.

The fluoride ion-selective electrode is frequently used for investigation of

metal-fluoride complexes because it enables a direct determination of the free

fluoride activity. The aluminium — fluoride complexes in aqueous solution have

been studied by many authors1-3.

Baumann4 reported the titration of aluminium with fluoride in the water

— ethanol medium, and a similar method has been used for determination of

aluminium in quartz sand and silicate ores5. As a consequence of this work it was

thought of interest to use the fluoride ion-selective electrode to determine the

conditional stability constants of the aluminium — fluoride complexes in the

medium used for the titration.

CALCULATIONS

The average number of fluoride ions bound per aluminium ion, n, can be

calculated from the expression:

_ OTF— [F~]

n = —

where wp and m\\ are the total concentrations of fluoride and aluminium res

pectively, [F~] is the concentration of free fluoride, which can be determined

from the titration curve. The complex formation reaction can be generalized as

205
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AlF*-7+F- — AlF3-».

The successive formation constants'are

Xn = [AlF3-»]/[AlF:-][F-]

and can be calculated according to the graphical method of King and Gallager

using a linear equation of the type:

where

2>-»HF~]n~i~2*° —

Y _

X = i+ 1 ~"

(2+,-7i)[F-]

and Ko—l, i= 1, 2, . . . n.

A plot of V versus X is a straight line, with the slope of Kn-

EXPERIMENTAL

All chemicals used were of reagent grade quality. A 0.1 mol/dm3 (M) sodium fluoride

solution was prepared by direct weighing of the salt previously dried at 120°, and was stored

in a polyethylene bottle. The aluminium nitrate solution (0.1M) was prepared by dissolving

99.995% pure aluminium wire. An acetate buffer was prepared by dissolving 120 ml of acetic

acid and 540 g of sodium acetate trihydrate in demineralized water and diluting to 1 litre.

A Beckman 36000 fluoride electrode with a 39170 saturated calomel electrode were used

with a Beckman Expandomatic pH-meter.

Fifty ml of 10~3M sodium fluoride were titrated with 0.05 M aluminium nitrate, both

solutions having the same concentration of background electrolyte and ethanol, and the same

pH. The potential was measured after each addition of the aluminium solution (0.02—0.2 ml

increments).

RESULTS AND DISCUSSION

Series of aqueous standard solutions of fluoride in the concentration range

from 1 0~6 to 1 0-3M were prepared in the acetate buffer so that the total concen

tration of the buffer components was 0.25, 0.50,0.75, 1.0 and 1.5 M. The buffer

concentration was used as an indirect measure of the ionic strength, because we

could not determine accurately the degree of dissociation of the buffer system,

especially when ethanol was also present, the dissociation then being considerably

lower owing to the change in the dielectric constant. Corresponding series of

fluoride standards in the same range of concentrations were prepared, containing

25, 50 and 75% of ethanol. Figure 1 shows the effect of buffer and ethanol con

centrations on the calibration curves. The displacements of the lines are due to

the change in solubility of lathanum fluoride in the different media as well as to
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the change in the activity coefficient of the fluoride ion, which depends on the

ionic strength of the solution. The deviation from linearity at fluoride concentra

tions below 10-5M is caused by the interference anion of the supporting elec

trolyte6.

260,
 

MCFJ- id6

Fig. 1. Standard curves of fluoride in acetic

buffer: 1. 0.25M, Water solution; 2. 0.50M,

Water solution; 3. 0.75M, Water solution;

4. 0.25M, 25% EtOH; 5. 0.50M, 25% EtOH;

6. 0.75M, 25% EtOH; 7. 0.25M, 50% EtOH;

8. 0.50M, 50% EtOH; 9. 0.75M, 50% EtOH;

10. 0.25M, 75% EtOH; 11. 0.50M, 75%

EtOH; 12. 0.75M, 75% EtOH

 

Fig. 2. Titration curves in 0.50 M

acetic solution: 1. Water solution; 2.

25% EtOH; 3. 50% EtOH; 4. 75%

EtOH

The pH value of these solutions was 5, so the OH- concentration was lower

than 10~7M and did not affect the potential of the fluoride electrode. The H+

concentration was 10_5M, so the fluoride concentration in the form of HF and

HFJ was negligible7.

Since pH 5 was used, we considered all changes in the electrode response

as related to the formation of aluminium complexes with fluoride. When a fluoride

solution of known concentration is titrated with a standard solution of aluminium

(both reagents having the same pH and total concentration of salts and ethanol)

the concentration of free fluoride decreases owing to the formation of A1FJ""

complexes. Under these conditions8-10 the hydrolysis of aluminium can be ne

glected.

Figure 2 presents titration curves for the media investigated, at a total salt

concentration of 0.5 M. The curves show a very indistinct inflection point for

aqueous solutions, the potential jump becoming much more distinct with increasing

ethanol concentration, because the stability of the complexes increases with de

crease in the dielectric constant of the solution (D= 65.02 for 25% of EtOH,

51.75 for 50% and 38.47 for 75%)".

Figure 3 presents the formation curves for the aluminium fluoride system

at a total salt concentration of 0.5 M in solutions containing increasing amounts
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of ethanol. It is evident from these curves that complexes with four ligands arc

formed in aqueous solutions; in 25% EtOH n rises up to 4.4 showing an existence

of complexes with five ligands. In 50% and 75% EtOH solutions n rises up to

6 indicating the presence of complexes with six ligands.

Figure 4 shows the graphical calculation of the stability constant Ke in the

system Al3+ — F_, containing 75% EtOH in solution at the total salt concentra

tion of 0.5 M.

 

it* MCF]-*"6

Fig. 3. The average number of fluorides

complexed per aluminium: 1. Water solu

tion; 2. 25% EtOH; 3. 50% EtOH; 4.

75% EtOH

/ 2 3 t 5 6 7 8 9 » II 12 13

XXM)5

Fig. 4. Graphical evaluation of Kt

(75% EtOH, 0.5M):

X =

6 - n

(7-»)[F-]

n = 5

n = 0
, K, -6,97 x 10*

TABLE I. Stability constants of Al3+ — F- in water solution of acetic buffer; pH 5.0; D== 79.26;

at 23°C.

Total cone, of

salts, M

logiCi log K2 log K3 log K*

0.25 6.23 ±0.05 4.37 ±0.06 3.80±0.05 2.70±0.07

0.50 6.01 ±0.06 4.13 ±0.08 3.66±0.05 2.62±0.08

0.75 5.93 ±0.06 4.00±0.06 3.56 ±0.05 2.49 ±0.08

1.00 5.65 ±0.08 3.81 ±0.04 3.23 ±0.07 - 2.02 ±0.09

1.50 5.02 ±0.09 3.30±0.08 2.82 ±0.09 1.90±0.09

TABLE II. Stability constants of Al3+ -F- in water solution, different electrolyte

log K ' This work Ref. 1 Ref. 8 Kef. 9

log Ki 6.01 6.16 6.08 6.04

log K2 4.13 5.05 4.93 5.10

log K» 3.66 3.91 3.68 4.01

log K, 2.62 2.70 2.50 3.67



ALUMINIUM FLUORIDE COMPLEXES 209

TABLE III. Stability constants of Al3+ -F" in 25% EtOH solution D= 64.02, at 23°C

Total cone,

of. salts, M
log Ki log Ki log K3 log log Kb

0.25 6.22^0.04 5.10±O.O4 4.85±0.05 4.17±0.06 3.38±0.05

0.50 6.06±0.05 4.78±0.06 4.37±0.04 4.04±0.07 3.22±0.06

0.75 5.85±0.06 4.58± 0.07 4.11±0.07 3.82±0.07 2.98±0.05

TABLE IV. Stability constants of Al3+ -F~ in 50% EtOH solution D =51.75, at 23°C

Total cone,

of salts, M
log Ki log Ki log Xa log log Xs log Kt

0.25 6.17± 0.04 5.97±0.03 5.83± 0.04 4.98 ± 0.05 4.80±0.06 4.45±0.05

0.50 6.02±0.06 5.58±0.05 4.57±0.06 4.88 ±0.06 4.68 ±0.07 4.29±0.08

0.75 5.89±0.06 5.71 ±0.06 5.32±0.05 4.59±0.06 4.42 ±0.08 4.08±0.07

TABLE V. Stability constants of Als+ -F" in 75% EtOH solution D= 38.47 at 23°C

of°s^ts?M log Kl log Kl log ^3 log log Ki log K*

0.25 6.16±0.06 6.45 ± 0.04 6.18 ±0.03 6.08 ±0.04 5.81 ±0.03 4.99 ±0.04

0.50 5.98±0.07 6.38±0.05 6.11 ±0.05 6.00±0.05 5.61 ±0.04 4.84±0.04

0.75 5.80±0.07 5.95±0.05 5.90±0.06 5.80±0.06 5.32±0.04 4.51 ±0.05

Table I presents log K values in aqueous medium calculated for five different

„total salt concentrations". It is evident from Table I that the change of the „total

salt concentration", which is directly proportional to the ionic strenth, is inversely

proportional to the change of log K. The same phenomenon is observed in all

the systems investigated in both aqueous and ethanol solutions.

Table II presents values of log^C in the acetic buffer at the „total salt con

centration" of 0.5 M (our data) as compared with literature data in 0.5 M NH4NO3

and KNO3 electrolytes. As it can bz seen from Table II, fairly good conformities

are obtained.

Tables III, IV and V successively show the log K values calculated, accord

ing to the above method, for the solutions contianing 25, 50 and 75% EtOH,

respectively.

The stability constants increase with increasing percentage of EtOH in

solution, thus enabling the existence of higher complexes (with a greater number

of ligands).
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H3BOA

HCIIHTHBAH>E OJiyOPHJIHHX KOMnJIEKCA AJiyMHHHJVMA Y CHCTEMY

BOflA—ETAHOJI

MAIMIAJIEHA P. TOMAUlbBHTl-MAHOBH'B h JXPArAH C. BECEJIHHOBKB*

UHCuiuuiym 3a utexuo.wzujy nyxAeapHUX u dpyiux MUHtpOAHtix cupoeuna, u.u. 390, 11001 Eeozpad

u *IlHciuuCuyui 3a <fiu3U<txy xetmjy, TIpupodHo-MaiueMaiuuuKU ifxiKy.miem , YHU»ep3uuiem y Eeo-

epady, u.u. 550, 11001 Eeoepad

McnnTiraan>e anyiwuuijyM-cp.iyopHAHHX KOMtuieKca BpuieHO je noTeHUHOMeTpiijcKH y

cpcuiHa.wa ca paarumHTjiM oahocom boac h eiaHOJia, Ha pH = 5, y npwcycTBy aueTaTHor nycpepa

npn yuynHifM KOHUCHTpainijaMa cojim: 1,5, 1,0, 0,75, 0,5 h 0,25 M, Ha TeauiepaTypH 23°. Koh-

UCHTpamija duryopHAHHx joHa y pacTBopy .wepeHa je dpjiyopHAHOM joH-ccneKniBHOM eJiempoflOM.

Oape^eii je 6poj (pjiyopHflimx joHa ue3amix ca aJiy.uiiHiijyMOM y Ko.MnaeKc. OBaj 6poj ce .\ieita

ofl 4 flo 6 y 3aBHCHocTH oa KoHueirrpamije eTaHona y pacreopy. CirpeljeHe cy KOHcraHTe cra-

6hjihocth KOMnjieKca y bo/ih h cpeAHHa.Ma ca 25, 50 R 75% eraHOJia.

(ripHMJbeHO 28. aeue.M6pa 1981)
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HCCJIE^OBAHHE CFIEKAHHfl B CHCTEME CdO-Bi203

CTAMEHKA M. PAHHM

llHcmumym inexituvecKux nayx CepdcKou aKodemiu nayK u ucKyccms,

11000 Ee.upad, IOiocacuuh

(riocTyniuio b pcnaKumo 16 <peBpa;iH 1982)

HccneflOBaHO cneiOHHe CdO — Biz03 Tpex pa3JHWHbix cocraBOB. Coaep-

>KaHHe Bi203 npn stom cocraBJifino 1,7, 3,6 h 7,7 MOJib. %. Bee cocraBbi npHHawie-

>KaT HenccJienoBaHHoii o6jiacTH AHarpaMMbi coctohhhh CdO — BiaOa. ycraHo-

BjieHO, vroBXoaenpoueccacneKaHHHo6pa3yeTCHCoenHHeHHeTHna5Bi803 • 3CdO,

BiTHHiouiee Ha MexaRH3M npouecca.

HccieaoBaraie cneKaHHH hhctoh okhch KaA«HH 6buio npeaMeroM luyMeHiin

MiiorHX HccneflOBaTejieii1"5. ripn stoai noKaaano, hto npeBajinpyrouuiM Mexa-

hh3mom npouecca hbjihkjtch ,n,H(p(py3Ha no rpaHnnaM 3epeH h o6i>eMHaH flHcpdpysHH .

HcaieayH cneKaHHe Bi2036 Haivm ycraHOBjieHo, hto MaKpoKHHeraKa npouecca

b mohokjihhhoh o6jiacTH (HH>Ke 1 000 K) xapaKTepH3yeTCH jiorapHdpMHHecKOH

3aBHCHMOCTbIO IUIOTHOCTH OT BpeMCHH.

FIpouccc cnexaHHH b KanecTBe TexHOjionmecKoro npouecca nciiojib30Ban

fljiH nojiyieHHH o6pa3u,OB chctcmm CdO — Bi20s c uejibio HccjieaoBaHHH TeM-

nepaTypHoii 3aBHCHMOcra 3JieKTpHHecKoro conpoTHBJieHHH flaHHOH CHcreMbi7.

CneKaHHe npoBO^HJiocb npn 1123 K, hto 3HaHHT — 3TO 6mjio cneKaHHe b npn-

cjtctbhh >khhkoh cpa3bi, nocKojibKy TeMnepaTypa npouecca 6bi.ia Bbiuie tohkh

njiaB-ieHHH Bi2038-

JXo chx nop flHarpaMMa coctohhhh CHcreMbi CdO — Bi203 HccjieupBaHa

b o&JiacTH 0 — 80 MOJib.% CdO 9. B aanHOH pa6oTe HaMH npoBeAeHO HCCJie,n,o-

BaHHe cneKaHHH b CHcreAie CdO — Bi2Os npn *iejvi coaepHOHHe Bi203 6buio

HHH<e 20MOJTb. %.

METCvUHKA H PE3yJIbTATbI 3KCnEPHMEHTA

JIjih HecjieAOBaHHH CHcreMbi CdO — Bi203 Hcnojib30Banbi aHajinTH^ecKH

iHcrbie nopouiKH sthx okhciiob. CpeflHee 3HaHeHHe 3epeH o6ohx nopoumoB

COCTaBJIHJIO 5 MKM.

HaMH HccjieAOBano cneKaHHe Tpex cocraBOB CHcreMbi (Ta6ji. I).
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TABJIHUA I. Coctob h nJiOTHOCTb npeccoBOK CdO — BijOa

MOJIb. % n^OTHOCTb, 10"3KT/CM3

CoCTaB CdO~ ^]203

KB-1 98,3 1,7 5,41

KB-2 96,4 3,6 5,22

KB-3 92,3 7,7 5,11

IlpeccoBaHHe ciwecH nopouiKOB npoBOflHJiocb noa aaBJieHHeM 250 Mlla.

IljioTHocTb npeccoBOK npHBe^eHa b Ta6ji. I.

CneKaHHC npeccoBOK Bcex Tpex cocraBOB npoBo;iHJiocb npn 873, 923 h

973 K b TeneHHe 10 — 120 MHHyT Ha B03,nyxe. Xoa nponecca cneKaHHH Kompo-

.inpoBaH oTHOCHTejn.HbiM H3MeHeHHCM o6T>eivia b 3aBHCHM0CTH ot TeMnepaTypw

h BpeiweHH. Ilo.iyyeHHwe aaHHbie npHBeaeHbi b Ta6jiHue II.

TABJIHUA 11. OTHoarrejibHoe ranleHemie VjVo o&bejwa b TeneHHe cneKaHHH CHCTCMM

B p e m a (mhh)

CoctaB T(K)
10 15 30 60 120

873

923

973

0 0 0 0 0

KB-1 0,007

0,139

0,015

0,155

0,042

0,185

0,080

0,207

0,110

0,221

873

923

973

0 0 0,008

0,118

0,255

0,011

0,166

0,269

0,019

0,202

0,271

KB-2 0,032

0,216

0,092

0,231

873

923

973

0 0,004

0,150

0,298

0,015

0,217

0,305

0,043

0,259

0,307

0,094

0,290

0,310

KB-3 0,080

0,282

JXsih H3yMeHH« MHKpocrpyKTypHbix H3MeHeHHH b xofle nponecca cneKaHHH

npoBeneHM uxmupoBaHHe, nojmpoBaHHe h XHMH*iecKoe TpaBJieHHe o6pa3npB.

IIocjieaHee npoBonmiocb npn noMomn 0,5%-Hoii H2SO4. XapaKTepHcroieKHe

MHKpocTpyKTypbi npeflCTaBJieHbi Ha pHc. 1 .

Oa30Bbie H3MeHeHHH b npouecce cneKaHHH HccneAyeMbix o6pa3npB H3ymjiHCb

Ha flHcppaKTOMeTpe „Dron — 0,5" c Cu — Ka-H3JiyMeHHeiw. Flpn stom ycra-

HOBjieHO, hto c noBMineHHeM TeAinepaTypbi cneKaHHH KOjnwecTBO a-Bi203 h

coeaHneHHH 5Bi203'3CdO yBejinqHBaeTCH. To H<e caiwoe, ho TojibKo b Mem-

meH CTeneHH o6Hapy>KeHo h c yBejnraeHHeM npoAOJDKHTejibHocTH cneKaHHH.

KojiHiecTBo coeaHHeHHH 5Bio03 ■ 3CdO yBejiHMHBaeTCH h c yBejiHweHHeiw

COAepHOHHH BiaOa-

OBCy>KJJEHHE PE3VJILTATOB

3KcnepHMeHTajibHbie naiiHbie (Ta6.i. II) noKa3biBaiOT, mto HHH<e 923 K

yca^Ka o6pa3npB KB— 1 He nponcxo^HT, b to BpeMH KaK stot npoijecc nponc-

xoflHT npn Bcex TeMnepaTypax, ec.™ sto cocTaBbi KB—2 h KB—3. yiHTbiBan

npn stom h peHTreHocTpyKTypnbie, T.e. MHKpocrpyKTypHbie HCCJieflOBaHHH oKa-

3biBaeTCH, ^to b TeieHne HarpeBa HccjiejryeMbrx cocraBOB Ha caMOM nene HMeeT
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Aiecro peaKUHOHHoe cneKaHHe, ho Hanaro peaicnHH 3aBHCHT Kan ot ycjiOBHH Cne

KaHHH, TSK H OT KOHneHTpaUHH HCXOflHbDC KOMnOHCHTOB.

ctopMajibHO-KHHenwecKHH aHajiH3 SKcnepHMeHTantHbrx flaHHbix TaKH<e b

cornacHH c npeAburymHM 3aKJiioHeHHeM. KHHemKy nponecca cneKaHHH b caMOM

oSmeM arynae onHCbiBaer nponopnHOHajisHocTb VIV°~tn, r/je n — xapaK-

TepHCTHnecKHH napaMerp nponecca. Ah£uih3 naniHX 3KcnepHMeHTajn»Hbix aaHHbix

c 3toh tohkh 3peHHH noKa3biBaeT, mto b 3aBHCHM0CTH ot cocraBa, T.e. Teivine-

paTypbi h BpejvveHH cneKaHHH (Ta6ji. Ill) 3HaqeHHH 3Toro napaiweTpa MoryT

Sbrrb cjieayioinHe: 1, 1/3 h 2/5.

TABJIHUA III. 3H»ieHHH xapaKTepHCTiwecKoro napa.Merpa cneKaHHH

CocraB T(K)

BpCMCHHOft HHTtpBajI (,V1HH.)

10—15 15—20 30-60 60—120

873 _    

KB—1 923 1 1 1 1/3

973 2/5 2/5 2/5 2/5

873 _ — 1 1

KB—2 923 1 1/3 1/3 1/3

973 2/5 2/5 2/5 2/5

873 I 1 1

KB—3 923 1 1/3 1/3 1/3

973 2/5 2/5 2/5 2/5

IlHHec10 TeoperoiecKH noKa3an, mto b cjrynae n = 1 ocymecTBjiHCTCH bmxoa

nop H3 cneKaeiHoii chctcmm. Ilo Koy6jiyn 3HaneHHe n=l/3 xapaKTepH3yeT npo-

necc cneKaHHH b aiynae, Korna npeBajmpyiomHM MexaHH3M0M nponecca hbjihctch

AH(p(J)y3HH no rpammaM 3epeH. IIpH n=2/5 npeBajinpyioinHM MexainraMOM,

corjiacHO KHHrepH h Eepry12, hbjihctch oSbeMHan aH(p(j)y3HH.

C TaKoro acneKTa mo>kho npeanoHOKHTb, hto KOHueHTpaiuiH Bi203 b

cocTaBe KB—1 teuoh, hto He hmcct cyinecTBJieHHoro bjihhhhh na cnenaHHe

CdO h TaKHM cnoco6oM nponecc cneKaHHH nponcxoAHT Snaronapn, b nepByio

OHepe^b, 6ojn>iuoMy MHCJiy KoirraKTOB mokzt/ HacTHnaMH CdO. Orry^a 3HaneHHe

n flOJDKHO 6bITb paBHO 1.

B cocTaBe KB—2 nponcxo/nir BHjjHan peaiauiH b TBep/joM coctohhhh h

o6pa30BaHHe coeAHHeHHH 5Bi20a-3CdO, hto oco6chho Bbipa3HTejn>H0 npn

TeAOiepaType 973 K, KOTopan, corjiacHO /marpaMiwe coctohhhh9, hbjihctch npe-

fleJIbHOH flHH nOHBJieHHH >KHflKOH (pa3bl. MO>KHO npejHIOJIOHOITb, HTO npH 3TOM

npoHexoflHT oCjierneHHe TpaHcnopTa Maccbi no rpainmaM 3epeHu.

YHHTblBaH, MTO B COCTaBe KB 3 flOCTaTOHHOe KOJIHHeCTBO BigOs h i<a>Kfloe

3epHo CdO OKpywceHO sthm okhcjiom (pnc. 1). riosTOMy TpaHnopT Maccw b npo-

necce cneKaHHH KB—3 Syner ocymecrBJiHTtcH npn noMOum oCbeMHoft ;jH(p(py3HH

nepe3 npo/ryKT 5Bi203-3CdO. Mo>kho npHHHTb, hto sto o/nroBpeMeHHO npe-

BajmpyioumH nponecc cneKaHHH.

HeoSxoflHMO nojjHepKHyrb, hto b xo/je nponecca cneKaHHH cocraBa KB—3

npH 973 K y*e 10 MHHyr nocjie Hanana HarpeBa flocTHraeTCH npaKmnecKH Teo-

pCTHHeCKOii njIOTHOCTH, MTO MOKCT HMCTb npaKTHHCCKOe 3HaHCHHe flJIH nOJIJTHeHHH

nJIOTHOft KepaMHKH.



 

BacuodapHOcmb. Abtop 6jiaroflapHT B. rieTpoBHia h H. H. TiuviotpeeBy 3a noiwomb,

0Ka3aHHyio npw npoBe«eHHH aKcnepHMeHTajibHOH pa6oTbi.
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H380I

npOYMABAIfcE CHHTEPOBAH.A y CHCTEMY CdO — Bi203

CTAMEHKA M. PAJWR

llucuiuiuyui uiexHUHKux uayxa Cpucne axadeMuje uayxa u y.ueuiHociuu, 1 1000 Eeocpad

IIpoyiaBaHO je ciiHTepoBaibe CdO — BiaOs, npH uejwy je caapwaj BisOs 8ho MatbH

Ofl 10 mol % (1,7, 3,6 h 7,7 mol %). CacraBH CdO — BiaOa npioiaflajy HeiicTpaweHoj o6jiacTH

BCTOBMeHor CHCTCMa. PeHflreHocipyKTypHOM aKajiH30M yTBptjeHO je na tokom onrrepoBaita

Hacraje jcmnbeite 5BiaO • 3CdO, aok je MHKpocrpyKTypHa aHajiitja noKa3ajia aa cy 3pHa CdO

jeflmo y cnytajy HajBinuer caapmaja BisOs 6hjib onKOJbeHa obhm okchaom. YTBpljeHo je m

je KHHeTHKa CHnrepoBaiba y hchhthbshom cHcreiwy y ofinacn TeMnepaTypa 873 — 973 K npo-

nopuHOHajraa ca t, t1'8 h t1'*, carJiacHO pacryhoj KOKUCBTpaqHjH BiaOs. Ha ocHOBy Tora H Ha

ochob>' pe3yjrraTa crpyKTypHMx HcnHTHBaH>a mohcc ce 3aKJbywni m MexamuaM cmrrepoBaiba

mbhch oa cTeneua peaiaprje nojia3HHx KOMnoBeiom, oahocho on KOjnranK HOBOHacrajie (base.

(IlpHMji.eHo 16. cbe6pyapa 1982)

SUMMARY

A STUDY OF SINTERING OF THE CdO — BisOj SYSTEM

STAMENKA M. RADlC

Institute of Technical Sciences of the Serbian Academy of Sciences and Arts, YU-11000 Belgrade,

Yugoslavia

The sintering of the CdO — BiaOs system was studied, with contents of BiiOs below

10 mol %, a region where data on it are lacking. By X-ray structural analysis it was established

that during sintering a compound 5B12O3 • 3CdO is formed, while microstructural analysis showed

that, only in the case of the highest content of BisOs, were the grains surrounded by this oxide.

It was established that the sintering kinetics of the analysed system, in the temperature range

875—973 K, is proportional to t, tln, ta/s, respective to the growing BijOa content. Taking this,

and the results of structural studies into account, it can be inferred that the mechanism of sin

tering depends on the degree of the reaction of the initial components, i.e. on the amount of the

newly formed phase.

(Received 16 February 1982)
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Note

NOTE - EEJIEHIKA

THE IONIZATION POTENTIAL OF THE AuLi MOLECULE AND THE

BINDING ENERGY OF THE AuLi+ ION

DRAGAN KOVAC, MIOMIR VELJKOVIC, MIODRAG M1LETIC and

KIRO F. ZMBOV

Laboratory of Physical Chemistry, The Boris Kidrii Institute of Nuclear Sciences, P.O. Box 522,

YU-11001 Belgrade, Yugoslavia

(Received 7 December 1981)

Abstract. Gaseous AuLi molecules were

produced by heating a mixture of Au+ LiaO

in a Knudsen cell at 1690 K. The ionization

potential of AuLi was determined by the

electron impact method as /P(AuLi) = 7.53 ±

± 0.10 eV. The calculated binding energy of

the molecular AuLi+ ion was found to be

Dg(Au-Li+) = 0.77 ± 0.10 eV.

*

The AuLi molecule has been recently iden

tified in mass spectrometric Knudsen-cell

studies1 and its spectroscopic properties have

been investigated by the matrix-isolation me

thod2. While these studies gave informations

on the dissociation energy and vibrational

frequencies of the molecule, its ionization

potential is still uncertain. Since reliable data

on the ionization potentials of the diatomic

molecules are of considerable interest for the

development of quantum mechanical calcula

tions of the dissociation energies of these mol

ecules, it seemed worthwile to report here

the results of measurements of the ionization

potential of the AuLi molecule.

The measurements were made with a 90°

sector, 20 cm radius-of-curvature, single-focus

ing mass spectrometer, with a Nier-type ion

source and equipped with a Knudsen cell

arrangement. A molecular effusion beam con

taining AuLi (along with other molecular

species) was generated by heating a mixture

of Au + LiaO in a thoria liner placed in a

molybdenum Knudsen cell at 1690 K. More

detailed description of the experimental arrange

ment and the method of recording the ion

ization efficiency curves was given previously3.

The ionization thresholds were evaluated

from the experimental ionization efficiency

curves by the Extrapolated Voltage Difference

(EVD) method4, using the ionization potential

of Au as a reference standard. The precision

and accuracy of the method was checked by

measuring the appearance potentials of Ot

and HaO+ ions and by comparing the obtained

values with the known ionization potentials5.

This comparison showed that the EVD method

gives appearance potentials which agree with

the established ionization potentials within

0.1 eV.

A typical pair of ionization efficiency curves

of Au+ and AuLi+ ions measured several

electron volts above the corresponding thresh

olds is shown on Fig. 1.

 

ELECTRON ENERGY (eV)

Fig. 1. The ionization efficiency curves

of Au+ and AuLi+ ions.
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Five determinations by the EVD method,

with IP (Au) = 9.225 eV5 as a standard gave

IP (AuLi) = 7.53 eV with a reproducibility of

0.02 eV and an estimated accuracy of 0.10 eV.

The present value of IP (AuLi) agrees

with the approximate value estimated in the

previous Knudsen cell studies1. It is interesting

to note that the ionization potential of the

AuLi molecule is very close to the mean

value of the ionization potentials of the con

stituent atoms: 1/2 [/P(Au)+/P(Li)] = 7.31 eV.

Similar regularity has been found for the

heteronuclear diatomic alkali metal molecules"

and for CsAu8.

The binding energy, Z)J(Au-Li+) of the

molecular ion AuLi+ can be evaluated from

the simple thermodynamic cycle:

£>S(Au-Li+) = DS(AuLi) + IP(Li) - /P(AuLi)

This procedure gives Dg(Au-Li+) = 0.77 ±

± 0.10 eV. Thus, the lowest state of the AuLi+

ion is considerably less tightly bound than

the ground state of the parent neutral AuLi.

The same trend is observed with CsAu 7 and

the heteronuclear alkali metal dimers, with

the exception of NaLi The reverse is the

behaviour of the homonuclear alkali metal

dimers, where the dimer ions are more tightly

bound than the corresponding parent neutrals

in their respective lowest state ,,10~14.

H 3 B O

JOHH3AUHOHH IIOTEHIJHJAJI MOJIEKYJIA AuLi H EHEPrHJA BE3E JOHA AuLi+

^PATAH KOBAM, MHOMHP BEJBKOBHH, MHOflPAr MHJIETHTi h KHPO <t>. 3MEOB

UHCiuumyut 3a uyKAeapne Hayxe „Eopuc Kudpun", u.up. 522, 11001 Eeoepad

MojteKyjiH AuLi y racoBHTOM crraiby «o6h-

Betoi cy 3arpeBaH.eM CMeme Au + Li20 y

Knudsen-OBoj hejmjH Ha 1690 K. noTeiuuijaji

joiumamiie AuLi oflpeheH je MeroflOM eneK-

tdohckmx cyflapa Kao IP (AuLi) = 7,53±0,10

eV. H3paiiynaTa eHepinja Be3e MOJienyjiCKor

jona AuLi+ je D° (Au—Li+) = 0,77 ± 0,10eV

(ripuMJbeHo 7. fleueM6pa 1981)
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H3BEIIITAJ O PAJXY C.X.R. Y 1981. rO,HHHH

(rioaHeT peaoBHoj roAHiinfcoj cKynurrHHH flpyurrBa oapnoHoj 18. jaHyapa 1982. roflHHe

y Eeorpaay, Ofl crpaHe ceKpeTapa JlpyurrBa JByoHue BpxoBau.)

Upare KojierMHiiue h KOJiere,

CKyimjiH cmo ce aaHac ,ta h Ha OBoj roflmintoj CKynurnmH cyMnpaiwo pe3yjrraTe paaa

Hamer .HpyiurBa y npoTeitnoj toahhh y kojoj je CX£ 3ai<opa*tHJio y 85. roflinry CBOr

nocTojaoa h pafla. HHTepecoBatt>e 3a npncryn y Hauie JIpyurTBO roije H3ocrajio hh y

1981. roflmni y Kojoj cmo nocra^n 6pojHHjH 3a 174 HOBa MJiaHa. OShm (})HHaHCHjcKor

nocnoBa&a nopacrao je, y oflHocy Ha nperxoflHy roflrary, 3a 50% a y pafly Ha ocrBapH-

BaH>y inuteBa JIpyurrBa yHejra cmo h hobc caflpwaje o ^e.My he Kacraje 6hth BHiue pe*ni.

HAyifflE MAHHOECTAUHJE

XXIV Caeeuioeane xeMunapa CP CpSuje

Ofl noceoHor 3iia<iaja y pafly CXJI cy TpaflHUHOHajnja CaBeroBaH>a xeMircapa CPC, Koja

cy flaBHO npepacna y Peny6jnwKe KOHrpece xeMHje h xeMHjCKHX Hayna h CMOTpa Haiue

Hayroe h CTpyTHe aKTHBHOcni.

3a OBoroffHiinfce CaBeroBaibe, Koje je XXIV no pefly, npnjaBJbeHO je 155 caoniirreH>a

h 9 ceKujijcKHx npe^aBaita Koja cy caonurreHa Kpo3 crieflehe ceKmije:

I — Oniina h HeoprancKa xeMHja (26 paflOBa)

II — OpraHCKa xeMHja (25 paflOBa)

III — 4>H3iWKa xeMHja (19 paflOBa)

IV — EneKrpoxeMHja (11 paflOBa)

V — AHanHTHwa xeMHja (13 paflOBa)

VI — EnoxeMHja (6 paflOBa)

VII — XeMnjcKo HHH<eH>epcTBO (37 paflOBa)

VIII — MeTajiypraja (8 paflOBa)

IX — HacraBHa ceKujija (10 paflOBa)

Ofl cuawjcKHX npeflaBaKa, Koja cy noHOBO yBefleua y pafl Haiiinx CaBeTOBaH>a oflpmaHa

cy cJiefleha:

1. TB. P. GrojaKOBjih, TexHOJioujuo-MeTajiypoiKH (paKyjrrer: „JeflH0flHMeH3H0Ha;iHH

MeTa^H"

2. M. XpatiHcaBJbeBHh-JaKOBJbeBHh, npHpoflHO-MaTeMa-riMKH (paKyjrreT, Eeorpafl:

..BncoKOMoneKyjiapHH yrJbeHH xiiflpaTH, 3Haqaj h npHMeHa".

3. H. TyTMaH, IIpHpoflHO-MaTeMaTHiKH (paKyjrreT, KparyjeBau.: „TonoJioiiiKH acneKTii

y TeopHjcKoj opraHCKoj xeMHjH".

4. R. Byiejmh, IIpHpoflHO-MaTeMaTiraKH (paKyjrreT, Eeorpafl: „<t>H3iwi<a xe.MHja rpa-

hhhhhx (pa3a".

5. M. MaKCHMOBHh, TexHOJioiiiKo-MeTajrypuiKH (paKyjrreT, Eeorpafl: „HoBa TexHOJiornja

ejieKTpo.innwKor rajio>KeH>a MeTajia".

6. M. C. JoBaHOBHh, TexHOJiouiKO-MeTajiypuiKH (paKyjrreT, Eeorpafl: .JoHocejieKTiume

ejierorpofle".

7. E. Tpyjirii-Hibait, npHpoAHO-MareManKKH (paKyjrreT, Eeorpafl: „Mojiei<yjici<H acneKTH

eBOJiyiuije h (pyHKunje xoMOJiorHX npoTeHHa".

8. M. MHTpoBHh, TexHOJiouiKO-MeraaypiiiKH (paKyjrrer, Eeorpafl: „Hobh cenapauiioHii

npouecn".

9. ,H. MfflcajjioBiih h M. Poryjinh, TexHonouiKo-MeTajiypuntH cpai<y:iTeT, Eeorpafl:

„CaBpeMeHe Merofle CTpyKTypHHX Hcnimiuaiba n H>nxoua npii.Meiia".

219
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PaflOBH HaeraBHe ccniatje OAHOce ce na aKTyejiHa mrraiba H3 peajnraaiwje iuiaHa h npo-

rpa.Ma xeiwtje y ochobhoj h ycMepeHoj HacraBH.

y noper)en>y ca npouiAoroflHiint>HM, XXIII CaBeTOBajteM, Ha KOHe je pecpepitcaHo yKynHO

90 paAOBa, 6poj paAOBa OBe roAHHe je BehH 3a oko 80%.

// jyiocAoaencKu cuMU03ujyM o xentuju u wexnoMtuju a.iaKana u meKcmujia

CXJI je OBe roflHHe y OKBHpy Hairmx jaHyapcxnx HayuHHx h crpymnix MaHHtpecTaiyija,

y HMe Yraje xe.MHjcKHx ApyurraBa, opraHH30Bano II jyrocnoBeHCKH CHMno3njyM o xe.Mnjn

h TexHOJiorajH BJianaHa h TeKcmna. 3a OBy MaHHcpecrrauHjy Koja je Tpajajia oa 18 — 20

janyapa 1982. roAHHe y BeorpaAy, npHjaBA>eHO je 78 caonurretba, 12 iuieHapHHx h 5

ceKujijcKHx npeAaBaH>a. PaA CHMn03wjyMa ce OAP>KaBao Kpo3 cjieAehe ceKimje:

A — Xejvuija h TexHOJioraja BAaKaHa (31 paA)

B — MexampiKa npepa«a TeKcmna (16 paAOBa)

U — OruieMeH>HBaH.e TeKcnuia (24 paAa)

JI — ripojeKTOBaH>e h npon3BOAH»a oAehe (7 paAOBa)

y OKBHpy C»Mno3HjyMa OApwaHa cy cneAeha njieHapua h ceianijcKa npeaanaiba:

ITneHapHa npeAaBan>a:

1. AKaAeMHK JI. <t>A«H, HHA — HHCTHTyT 3a Hcrpa>KiiBaH>e h pa3Boj, 3arpe6: „CpeA>

IbOpOMHH H AyropO^IHH pa3BOj CHpOBIIHa 3a CHHTeTHWa BJiaKHa h OCTaJie noAHMepHe

MaTepHje".

2. R. H. Peters, yHHBepsHTer — MaHMecrep: „Be3a H3Mel)y 6ojeH>a h CTpyKType BAa-

KaHa".

3. W. Schefer, „EMPA" St. Gallen, DlBajnapcKa: „TeKCTHAHa iiHAycTpuja h 3aurrnTa

HCHBOTHe CpeAHHe".

4. G. Romer, „CIBA", Ba3CA, UlBajuapcKa: „OrpaTerHja no6oA>maH>a KopnmheH>a

eHeprnje".

5. A. KoiwaH, laconnc ..Tckctha", 3arpe6: „Pa3Boj h npoiwjeHa crpyKType npoH3BOAH>e

TeKCTHAHe h OAeBHe HHAycTpHje JyrocAaBHje".

6. M. UeKHh, JlnpeKUHja 3a pe3epBe HHAycTpiijcKHx npoH3BOAa JyrocAaBHje, EeorpaA,

„CTaH>e h nepcneKTHBe pa3Boja npoH3BOflH>e h noTpounfee npHpoAHHX BAaKaHa

y JyrocAaBHjH".

7. P. JoBanoBHh, III. Tpaj6apira, A. Jlymh, M. PHCTHh, A. FIoHuien: „riepcneKTHBe

pa3Boja npoH3BOAifce h noTpounte xeMHjcKHX BAaKaHa".

8. T. Jlynvw, „CAo6oAa", KyAa: „BAai<Ha ceKyHAapHor nopeKAa Kao 3HaqajaH ao-

nyHCKH H3B0P CHpOBHHa 38 HHAyCTpHjy".

9. M. MapTHHOB, „ripoAeTep", 3peH>aHHH: „CTaH>e h pa3BojHe MoryhHOcra HHAycrpHje

TenHxa".

10. M. MHAHBojeBHh, „KpyiiiHK", BajteBo: „CraH>e h MoryhHocni pa3Boja TeKCTHAHe

MaiiiHHorpaAH>e y JyrocAaBHjH".

11. P. DSfler, Dako GMBH, Geretsried, CP HeMawa: ..IIpenapaiBija 3a npoii3BOAH>y

h npepaAy noAHaMHAHHx h noAHecrepcKHx BAaKaHa".

12. B. MmbKOBHh, Peny6AHWH 3aB0fl 3a yHanpet)en>e inKOACTBa, EeorpaA: „Oco6eHOCTH

CHCTeMa o6pa30BaH>a KaapoBa TeKCTHAHe crpyKe y JyrocAaBHjH".

CeKujijcKa npeAaBaH>a:

1. B. von Falkai, „Bayer AG", JIopiviareH, „HHH<en.epcTBo BAaKaHa — pa3BojHe tch-

Aempije".

2. A. von Goethem, „IVS" — MeljyHapoAHH ceKpeTapnjaT 3a ByHy, BpnceA, BeArnja,:

„HoBa AOCTHTHyha y o6Aacni duumaHHx npel)a h Teimxa".

3. N. Tetzlaff, „npHMeHa neHe Kao aATepHaraBa KOHBeHUHOHaAHHX o6paAa TeKCTHAa".

4. H. Romfaj, BI1 1089-3, EeorpaA, „MoAeA pauxoHaAHor oApef)HBaH,a BeAmmHCKor

acopTHMaHa o«ehe 3a BeAHKe rpyne MyuiKapaiia crapocHe ao6h oa 18 ao 30 roflHHa".

5. fl. Jarairah, <t>TH — TeKcmnHa TexHOAoraja, JEyojbaHa: „npojeKTOBaH>e oaehe".

IlAeHapHa npeAasaiba npeBeAeHa Ha cpncKoxpBaTCKH je3HK, urraMnaHa cy in extenso

y noce6HOM 36opHHKy 3a jroecHHKe CnMno3HjyMa.
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ITpeflceflHHK Haynior oaoopa CHMno3njyMa 6nna je npoep. ap PaaMiuia JoBaHOBnh,

TexHonouiKO-MeTajiypiiiKH tpaKyjrreT, Eeorpaa, a npeaceaHHK OpraHH3aiwoHor oaoopa

AP Mnoapar IJeKHh, CaBe3Ha aHpeKiuija 3a pe3epBe HHaycTpHjcKHx npoH3Boaa. Ce-

KpeTap OpraHH3auHOHor oa&opa 6ho je iwp hh>k. ITeTap IUKyHApnh, TexHOJioniKo-Me-

TajiypniKH <paKyjiTeT, EeorpaA.

OpraHH3auHOHH h HayroH oflSop CHMiKWHjyivia y HHjeM cy papy yiecTBOBajm h npeA-

CTaBHHUH npHBpeflraix, HaynHO-HCTpajKHBatnoix h apyrrac oprautunivja H3 JyrocnaBHje

cy, y3 BejiHKO 3ajiaraH>e, ycnejiu aa oa Beher 6poja paamix opraHH3aimja h nooioBHHx

3ajeAHiiua TeKcnume HHaycrpHje, o6e36eae noTpe6Ha cpeacTBa 3a opraHH3auHjy Chm-

no3njyMa. CpncKO xeiwHj'cKO apyuiTBO kophcth h OBy npHjnn<y aa saxBajm ripHBpeaHoj

komoph JyrocnaBHje h cbilm paaHHM opraHraainijaMa Koje cy cbojhm cycpHHaHCnpaH>eM

oMoryhane oap>KaBaibe oBor CHjwno3Hjyiwa.

TlAenapHa upedcusana

y TOKy 1981. roflHHe 3a ttnanoBe CXJX qnpxcara cy cjieaeha nnempaa npeaiBaaa:

1. Prof. Dr Robert W. Peri ca yHHBep3HTeTa y JyTaxy, CAJ7: ..HHKOopAimaqHOHa je-

AHibeH>a tpoccpopa".

2. Prof. Dr E. Jeger, Case Western Reserve University, KmraneHa, CAJ7: „PaMaHOBa

cneKTpocKonHja — 3HaMajna HOBa MeTO.ua y eneKTpoxeMHjH"

3. Prof. Dr E. Pliko ca ripHpoaHo-MaTeMaTmnxor (paKyjrreTa y BpamcjiaBH,: ..Cneicrpo-

xeMHjcKa aHajiH3a TeuiKo HcnapjbHBHX eJieMeHaTa y reoJiouiKHM MaTepHjaJiHMa"

4. Prof. Dr B. A. Wolf, H3 HHCTHryTa 3a (pH3HMKy xeivuijy y Majmry: ..YTHuaj npHTHCKa

Ha pa3flBajaH>e <pa3a h noHawa&e pacTBopa nomiMepa npH Teweay"

5. Jlp C. IlonoB, ByrapcKa aKaaeivuija HayKa y CotpHjii: „XeMHja MopcKHx oprami3aMa" .

OBaj 6poj nvieHapHHX npeaasaifea h pa3HOBpcHOCT o6nacTH KojHMa cy ce 6aBHJin nne-

Hapnn npeflaBa™ cy ckpomhhjh y oaHocy Ha npeTxoflHy roflHHy. 3a 0CTBapHBaH>e Me-

fiyHapoffHe capa/iH>e OBe BpcTe, JIpyLUTBO je aoohjio H3BCCHy noMoh oa P3H CP Cp6Hje,

Ha iei»y cmo Beo.Ma 3axBajnm, ann to HHje 6hjio aobojbho aa ce peajnwyje BehH 6poj

npenaBa&a.

Ochm npo<p. IlmiiKa cbh ocrajm iuieHapHH npeaaBaMH cy 6mm roc™ apyrax hhcth-

Tyiraja h Ha nponacKy Kpo3 Eeorpaa, ji>y6a3Ho cy ce oaa3Bajin Ha nam no3HB aa OApwe

njieHapHa npeaaBa&a.

nyBJIHKALlHJE ^PyiUTBA

rnacHUK XeMujcKoz dpytuuiea Eeoipad

TjiacHHK XeMHjcKor flpyuiTBa EeorpaA je y 1981. roAHHH peaoBHO H3Jia3H0, TaKO fla

cy OflUJTa.\tnane cBe CBecKe oa 1 ao 11. 06jaBJbeH je 91 paa, ihto npeacraBJba oceTaH

nopacr y oaHocy Ha npeTxoaHy roaHHy, Kaaa cy urraMnaHa 64 paaa. Bpoj paaoBa Ha

cBercKHM je3HiuiMa aocmrao je 81%. iTpHMeTaH je nopacr paaoBa noTeKjmx BaH Beo-

rpaaa, iuto ce oahoch Ha 3eMJty h HHOcrpaHCTBO.

3axBaji>yjyhn bctikkom aHrawoBaity TjiaBHOr h oflTOBOpHor ypeaHHKa TjiacHHKa, npo<p.

ap Cao6od<wa Pu6mtKapa h peaaKunjcKor oa6opa, OBaj Macoruic Beh hckojihko roanHa

ii3Jia3H peaoBHO.

XeimjcKu upeiAed

y Toi<y 1981. roaHHe PeaaKimjcKH oa6op laconnca cacrajao ce ana nyTa. Ha thm ca-

CTaHUHMa je pacnpaBJbaHO o aajteM paay Ha ynanpe^efty Maconnca. H3Me^y ocrajior

npeano>KeHO je aa ce y 1982. roamm 3ano<me ca o6jaBJBHBaH>eM caapn<aja Maconnca

Ha asa crpaHa je3HKa: eHrnecKOM h pycKOM, Kao h aa ce ancrpaKTH paaoBa aajy Ha OBa

asa je3HKa.

y 1981. roaHHH o6jaBJbeHo jc 5 6pojeBa Kojn cy Beh pasacjiam nperajiaTHiiuHMa, a 6poj

6 je y unaMnH, 3ajeaHo ca roanunbHM caap»cajeM.

V'KynaH 6poj paaoBa y TOKy 1981. roaHHe h3hoch 26 a oaHOCe ce na TeopnjcKy h npn-

MeH>eHy xeMHjy Kao h MeroaHKy xeMHje.

PeaaKtmjcKH oa6op laconnca Ha yejiy ca rJiaBHHM h oaroBopHHM ypeaHMKoiw npocb.

CtuoHUMupoM ApcemjesuheM cy cbojhm CBCcpaHHM 3anaraH>eM aonpHHejiH ypeaHOM

H3^ajKCH>y Maconitca.
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Becuiu U3 CXM

y 1981. roAHHH npeMa njiaHy maui.na cy TpH dpoja ..Becro" yo6HMajeHor oSima ii yr-

jiaBHOM ca crajnoLM py6pHKajwa. Paanor MaH>Hx KauiH>eH>a, npeMa ypeflHHKy up Padocaey

Aftuhy, je npeorrrepeheHocT urraMnapHje 3aB0Aa 3a rpacpmiKy TexHHKy TexHOJiouiKO-

-MeTajiypuiKor (paKyjrreTa y BeorpaAy y HHjei* cc noroHy urraMna oBaj jihct.

CAPAfllfeA CXfl CA OPrAHH3AUHJAMA yflPy>KEHOr PAHA

Capajnta CXfl ca opranii3annjaMa yApyweHor paAa, aanowera 1978. roAHHe, ycneuiHo

ce pa3Biija h yimnpetjyje. Ooane3e JIpymTBa h paAHHX opraHimmija peryjiHcaHC cajwo-

ynpaBHHM cnopaay.vuLMa o capaAH>H ao ca^a cy, 6c3 TcniKoha, o6ocTpaHo HcnyibaBaHe.

Cum caMoynpaBHH cnopa3yMH 3aKJby*ieHH 1978. roaiiHe oonaBJbaHH cy CBane roAHHe

h oBor MOMCHTa CXJl HMa 3aKJbyMeHe caMoynpaBHe cnopuyMe ca cjieaehRM p*&am

opraHH3auHj a.Ma :

PTE — Bop; „ronia" — PO-HHcnrryT, CnneAepeBCKa ITajraHKa; X. H. „3opKa", Waoau;

„raJieHHKa", 3eMyn; HHCTHTyT ..Bopnc Kiwpiw", Bmitia; HHaycrpHja 6oja n jiaKOBa

„flyra", EeorpaAJ „BHCK03a", JIo3HHiia; „JyroneTpoji" — OOyP TproBima, Eeorpaa;

„PeKopfl", Pai<uBima; IliejiapcKH Ko.uGiiHaT, BeorpaA; <X>a6pm<a ue.weHTa, Hobh I"Io-

noBan; HXTM, HHCTHTyT 3a ejieicrpoxeMHjy, BeorpaA; HXTM OOYP 3a opraHCKy

xe,vmjy h 6HoxeiMHjy, BeorpaA; PaipHHepuja HatpTe, IlaHieBo; PyflHHK ojioBa h mnno

— „Tpen»ia", nprapeH; „<1>AM", KpyuieBau; „Ha<j>Tarac", Pa<pHHepnja Eeorpaa;

Ilemap 3a MyjiTHzntcmnuniHapue cryflnje, Beorpa;;; <I>a6pin<a tcwhhx racoBa „roH",

KpajbeBO; HHcnnyT tcxhhhkhx Haytca CAHy, BeorpaA; „3Be3fla", Topifcn MmiaHOBau.;

.JyroxeMHja", BeorpaA.

riopea HaBeAemix paAHHX opraHH3aimja AparoueHy no,vioh flpyuiTBy npyxcajy TexHO-

JiouiKO-MeTajiypiiiKH (J>aKyjiTeT h ITpHpoflHO-MaTeMaTiWKH (paKyjrreT y Beorpajjy. Ockm

(pHHaHCHjcKe noMohH, TexHOJioujKO-MemnypuiKH (paKyjiTeT ycTynaaeM CBoje npocTopHje

3a KaHU&napHjy flpyuiTBa h craBJbaifceM Ha pacnojiaraite npocropHja 3a opraHH30BaH>e

HauiHX HaywHHX h CTpywHHX MaHiKjiecrauHja OMoryhyje HopMajrao $yHKUHOHHcan>e CXfl.

PearmsoBaHa <J>HHaHCnjcKa cpeACTBa no caiHoynpaBHHM cnopa3yMHMa ca paAHHM opra-

HHsainijaMa 3a 1981. roflHHy H3Hoce oko 600.000 AHHapa. Cpncno xeamjcKO apynrrBO

h obom npiuiHKOM 3axBaji>yje cbhm HaBefleimM paAHHM opramoauHjaMa Ha capaA&H,

noiaohH h noflpuimi Koje obhm nyreiM flajy HaineM flpyuiTBy 3a ocrBapiinaibc inubeBa

h flenaTHOCTH CXJI.

y >KeJBH fla OBy capacity oooraTKMO, ripeAceAHHurrBO h YnpaBHH OAoop cy y npoTeK-ioj

roAHHH noKpeHyjra aKimjy n ynyrajiH iiHCMeHe npeAJiore paAHHM opramraauHja.wa .m

CXfl, npeiwa CBojHM MoryhHocTHMa, oprami3yje pa3Ha crpyima npeAaBait>a ofl inrrcpeca

3a pa/my opraHH3aimjy. M3Jia3diH y cycper npncnejiHM HcejLUi h npeftno3HMa oapwaHa

cy h aoroBopeHa cneaeha npe^aBaiba:

1. 3a „rouiy" y CMeaepeBCKoj IlaJiaHini npo$. ffp Bouiko naBJiOBHh oApwao js 22.

XII 1981. roflHHe npeAaBaH>e H3 oC^acm cneKTpajiHe aHajiH3e,

2. 3a „3Be3fly" H3 Topiber MunaHOBua OflpwaHa cy, 9. I 1982. roAHHe 2 npeAaBaiba:

1. IIpo(p. AP Maxajjio JahoBHh H3 o6jiacrH nojraecTepcKHX CMona h 2. Ilpoip. ap

Cjio6oAaH JoBaHOBHh „Oco6nHe nHriweHaTa — KBame&e ca bc3hbhhm cpeACTBHMa".

y TOKy je opraHH30Ban,e npeAaBaiba h 3a PO „BHCK03a" y JIo3Hinm.

Mhcjihmo Aa sa capaAtty ca opraHH3aunja,va yApyweHor paAa Hiwa joui MHoro iworyh-

hocth na ce HaAaiwo Aa heiwo H y 6yAyhe, Kao h ao caAa, HMara noMoh h noApuiny Raima

KOJiera H3 yApy>KeHor paAa.

H3BOPH *HHAHCHPAlbA JIPyiUTBA

IIcraoKynHa aKTHBHocr CXfl 3acHHBa ce Ha ao5poboji>hom h 5ecnjia™oM paAy MJiaHosa

flpyuiTBa. Me^yTHM, 3a peanH3aujijy CBe 6pojHHjHX 3aAaTaKa flpyuiTBa HeonxoAHa cy

MaTepnjajiHa cpeACTBa. Obo ce npe CBera oahoch Ha H3AaBaH>e HauiHX ny6jiHKaiiHja,

opraHii30BaH>e nayvHHX h crpyMHHx MaHHCpecTaujfja, aHra>KOBaH>e CTajJHHX h xoHopapmix

cjiy>K6eHHKa, TpouiKOBe KaHuejiapHje h Ko.MyHHUjipaibe ca uejiOKynmi.vi HJiaHCTBOM

flpyuiTBa hta.

M3BopH npnxoAa flpyun-Ba cy AOTauHje P3H CP CpfiHje, ^jiaHapima , npemnaTa Ha

vacomice, noupeivicHa noivioh paAHHx opraHii3aunja 3a oAP>«aBaH>e h opraHH30BaH>e

iiayMHiix cKynoBa Kao urro cy CHMno3HjyMH, uiko^c h Apyrn o6jumH aKTHBHocTH, ao
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npiiHOCH oa npojenaTa H3 o6jiacTH (pyHAaMeHTajTHHx HCTpa>KHBaH>a h capafliba ca op-

raHH3amijaMa yApy»cenor paaa no caMoynpaBHHM cnopa3yMHMa.

O (pHHaHCH)CKOM nocnoBaity flpyurrBa y 1981. roAHHH Ci<ynurritHH he 6hth noflHeT

onuiHpHHjH H3Benrraj.

CTAHjE MJ1AHCTBA

Bpoj <uiaHCTBa CXJl ce H3 roAHHe y i-oahhv crajiHO noBehaBa. Kao urro je Beh HaBeAeHO,

y toicy 1981. roflHHe flpyuiTBy cy npHcrynHJia 174 HOBa tuiana. 3a noone/nte Ase ro

AHHe 1980. h 1981, y CXJI je yKynHO npHMJbeHO 518 hobhx ujiaHOBa. nperneAOM eBH-

AeHunje KOMnjjrrepHTOBaHHx aapeca ycraHOBHJiH cmo aa je Kpajeiw 1981. roAHHe pera-

CTpoBaiio 1930 tuiaHOoa, urro Ka^a ce ca6epe ca 6pojeM MJiaHOBa H3 All BojBOAHHe, aaje

HHCppy oa oko 2300 uiaHOBa. Heurro Maite oa nonoBHHe yKynHor »inaHCTBa npemnaheHO

je Ha „rJiacHin<" h „XeMnjcKH nperJiea".

KoMyHHiwpaH»e ca OBano buiekhm 6poje*i unaHOBa HHje jeAHocTaBHo. HajBehii npo-

6jieMR ce jaBJBajy 36or HeoJiaroBpeMeHor o6aBeuiTaBaH>a KamjejiapHje oa crpaHe ujiaHOBa

JIpyuiTBa o npoiueHH aapeca 36or uera AOJia3H «o Bpahau>a nouiHJbKH h npetcHAa koh-

TaKra ca miaHOBHiwa. Ochm Tora ocraje h «ajbe cranHO aKTyejiaH npoSjieM HanjiaTe fly-

roBaH>a 3a iJiaHapjary h npem/iaTe 3a jeaaH 6poj MJiaHOBa.

CTora mojihmo CBe Hame ^jiaHOBe Aa CBany npo.MeHy aApece AocTaBe Hauioj KaHnejiapHjH.

y TOKy npoLtuie roAHHe Ha opeMe cy nocnaTe h uiaHCKe KapTe cbhm uiaHOBinvia Jlpymraa.

PAfl nPEJiCEUHHUITBA H YnPABHOr OUEOPA

Ha npouuioj roAHiuiboj CKynuiTHHH 3a YnpaBHH OAobp, H3a6paHa cy Ha roAHHy Aana

133 inaHa. Ca noiacHHM uiaHOBHMa ^pyuiTBa h npeAceAHHUHMa IloApy>KHHua h CeK-

iuija, KojH npeMa HameM CraTyry Tai<ot)e yjia3e y H>eroB cacTaB, YnpaBHH oa6op je HMao

vKynao 169 uiaHOBa. OBano Be.iHKa 3acrynn>eH0CT HJiaHCTBa y YnpaBHOM oA6opy o6e3-

oenyje AOHonieae OAJiyKa h (popMyjmcajbe KOHneniuija pa3Boja h paAa JIpyurrBa Ha

BeoMa urapoKoj ochobh.

Ha HCToj CKynuiTHHH je, 3a npeAceAHHKa HpyiirrBa ca ABoroAHuntHM MaHAaTOM H3a6paH

Ap hhjk. JlpotyuiuH MpaJtcuh, peAOBHH npocpecop TexHOJiouiKo-MeTajrypuiKor tpaKyjiTera

y BeorpaAy.

Y Tony 1981. roAHHe CBe 4 orcaHnpaHe ceAHHue YnpaBHOr OAoopa cy OApwaHe h Ha H>H.\ia

je yBeK 6wia npHcyraa BejiHKa Behiraa ujiaHOBa YnpaBHOr OA6opa.

npeAceAHHmTBO CXJl je y npoTeKjioM jeAHoroAHuntein MaHAaraoM nepHOAy ca«HH>aBajio

23 HJiaHa. Oho je OApwajio 9 ceAHHua Ha Kojmvia je yBeK 6hjio npHcyTHO npeKO 90%

uiaHOBa.

3HaHajno je HCTahn Aa cy y caerraBy FIpeAceAHHUiTBa h Tpojima aKaAeMHKa, oa Kojnx

je npo(p. R. BHTopoBHh, y TOKy 1981. roAHHe nocrao aohhchh HJiaH CAHY, a anaAeMHK

A. jjecimh, je H3a6paH 3a noTnpeAceAHHKa CAHY.

Y paA YnpaBHor OA6opa h npeAceAHHurrea Gime cy yKJbyneHe CBe ochobhc AeiiaTHOCTH

JJpyniTBa Kao urro cy H3AaBauKa A&naTHOcT, opraHH30BaH>e Hamnx HayHHHx h crrpyHHHx

viaHHtpecTauHja, paA IloApy>KHHua h CeKunja, (]>HHaHCHpaH>e JlpyurrBa h capaAH>a no

caMoynpaBHHM cnopa3>'MHMa. Cbhm obhai nHTaH.HMa nocBeheHH cy noce6HH acjiobh

oBor H3BeuiTaja. Ochm h>hx, y npoTemioM nepHOAy, YnpaBHH oa6op h npeAceAHmnrBo

6aBHJra cy ce h ApyrHAi aKUHjaMa ii OAnynaMa a HeKe oa h>hx 6nhe H3HeTe h Ha OBOMe

Mecry. OpraHH30BaHa je AHCKycnja h 6naroBpeMeHO cy noame npHMeAGe Hamer flpyuiTBa

Ha Hau.pT 3aKOHa o APyuiTBemiM opraHH3auHjaMa h yApy»«bHMa rpa^aHa CouHjaJiH-

cthmkom CaBe3y, Kojn je HHHUnpao OBy aKUHjy.

Ha no3HB CoimjajiHcnwKor CaBe3a npo<p. ap BHTopoBHh yqecTBOBao je y HMe CXJ\

Ha cacTaHKy APyiUTBCunx opraun3annja h YApy«eHba rpa^aHa KojH ce y CBojHM AeJiaT-

HOCTHMa 6aBe HayKOM h o6pa30BaH>eM, a Ha cacTaHKy o MehyHapoAHoj AeJiaraocTH YApy-

H<eH>a rpatjaHa yqecrBOBa;ia je y HMe CXJl JBy6nua Bpxosau.

Ca YHHjoM xeMHjaoix APyurraBa JyrocjiaBHje CXJX je y TOKy npoTeiuie roAHHe ycneniHO

capat)HBajio npeno HauiHx AeJieraTa anaAeMHKa A. itecnnha KojH je 6ho h npeAceAHHK

YHHje xeMHjcKHx APyuiTaua h npocp. J. Beiuun<oBHha. y opraim3auiijn cacrauKa npeA

ceAHHKa xeMHjcKHX APymTaBa CBeTa OAP>Kanor 11. h 12. X 1981. toa. y BeorpaAy y^e-

CTBOBajiH cy upcxp. JoBaH JoBaHOBHh h npocp. M. raunrh a cjijokochhuh Hame Kaime-

jiapnje o6aBHJiH cy TexHHMKe nocnoBe.
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y oKBHpy capaOT>e ca JIpyuiTBOM nJiacnrqapa h ryMapaua oa 1981. roflHHe pa3.MeH>yjeM0

Ham lacormc „rjiacHHK xeMHjcror /npyurrBa" 3a h>hxob laconnc „IlojraMepH".

Ha ocHOBy npefljiora ceKimja h noapy>KHHua Jlpyurrea, KoMHCHja 3a jaBHa npinnaita

npHnpeMHJia je npe/yiore CKynumnm, Koje je noapwao YnpaBHH oa6op, o nonem

noiacHHX h 3acJiy>KHHX 3Bax>a. H one romoie cy npe£Jio>Kena 3a Harpaay 3 HajfSojba

trryfleHTa xeMHjcKO tcxhojiohikhx HayKa ca TexHonouiKO-MeTajiypiiiKor (paKyjiTera, IlpH-

poAHO-MaTejviaTHWor tpaKyjrreTa Eeorpafl h TexHOJioiiiKor (paKyjiTeTa Hobh Can.

AKiwja 3a yper)eH,e HOBor CKJiazniurra Ha npHpojmo-MaTeMaTHiKOM (fa,<yJITeT>' 32 Hauie

ny6jiHKauHje npHBeflCHa je Kpajy y veiny je bcjihkh nonpHHoc aao jrp Hboh MuhoBHh.

PeajiH30BaH>y oj.iyKa YnpaBHor ofl6opa h npcnce/nffliHTBa h awypHOM nocJiOBan>y ii

(pyHKimoHHcan>y JIpynrrBa y npcreKJioj roflHHH aonpHHejm cy Hanoi cjiy>K6eHHim 3a-

nocJieHH y KaHuejiapHjH Jlpyurrea.

PAJI nOJIPyjKHHUA CXR

y cacraBy CXJI y Peny6junm Cponjn 6e3 CouHjajiHCTiwKHX ayroHOMHHx noKpajmia

pa/m 8 noapy>KHHua ofl kojhx je HajMJial)a ocHOBaHa Kpajeiw 1980. rojmHe y Thtobom

y>Kimy. KpajeM aeuei«6pa 1981. rojnme rpyna xeMmwpa h Texnarcora H3 MaMKa npefl-

JicoKHJia je ocHHBaite noflpy>KHHU.e CXJX h y h>hxobom rpaay.

Akthbhocth IloApy>KHHua npiu<a3aHe cy cneflehHM H3BeiirrajHMa.

riodpyoKHUtfa — Kpa,beeo

Pafl noflpyMonme OHBHjao ce Kpo3 aKTHBe HacraBHHKa ochobhhx uiKOJia y KpajteBy

(3a oniiiTHHe: KpajbeBO, BpibaMKa Eaita h PauiKa) h Hobom Ila3apy (3a Hobh ria3ap,

TyTOH h Cjemmy) Kao h aKTHB npocpecopa (H3 cbhx 6 HaBeAenux oniiiTHHa). Ha cacraH-

UHiwa aKTHBa pacnpaBJbajio ce o CJieflehHM TeMaMa:

1. CTpyKrypa aToiwa h nepHomia KnacHcpHKamija,

2. EHepreTCKe npoMCHe y xeMHjcKHM pearaoijaMa,

3. npHMeHa Jia6opaTopHjcKe Merofle pa«a y HacraBii xe.MHje ochobhc oiKOJie h 3aje.UHiTOKe

ocHOBe yciviepeHor o6pa30Ban>a h BacnnTaH>a,

4. Pe3yjrraTH TecroBcKor HcnimiBaika y^eniiKa H3 xeMHje y I pa3pefly 3ajeAHinn<e ocHOBe,

Ha nowrKy ihkojickc 1981/82. romme,

5. Pa3MaTpan.e npefljiora 3a H3MeHy h flonyny nporpajvia xeMHje y 3aje/rHH<rKoj ociobh.

npeaaBaM 3a OBe TeMe 6ho je Cjuuojby6 TiyKuh, npeflceinniK noflpy>KHHue.

Ha cbhm cacTaHUHMa AKTHBa npHcycTBOBajio je npoceHHO 25 — 30 H^anoBa, iuto je

oko 90% Ofl yKynHor 6poja MJianoaa.

nopefl paaa y OKBHpy aKTHBa, opraHH30Bana cy h peajiH30BaHa flBa ceMHHapa: jeflaH

3a xeMHMape y yciwepeHOM o6pa30BaH>y, a apjth 3a HacraBHHKe xeMHje y ochobhoj uikojui.

CeiviHHap 3a xe.MHMape y yciwepeHOM o6pa30BaH>y je Tpajao 2 AaHa, ca TeMaTHKo.w — Or-

JieflH npaKTHMHHX bok6h H3 xeMHje 3a yreHHKe III pa3peaa MaTeMaTHiKo-TexHHHKe

h IV pa3pefla npiipoAHO-TexiraiKC crpyKe. 3a peajiH3amijy OBor ceMimapa CXJI je aH-

ra>KOBajio: AP 1 1 nana JypaHHha, MnpocJiaBa BpBHha h CypeHa XycHHena, crpyMHe

capaAHHKe c IIM<t> H3 Beorpa.ua, Kojn cy jrMecHHiuiMa ceMHHapa (20 npoij)ecopa xeMHje)

fleMOHCTpupa^H cBe oraeae H3 nporpaMa h aajm noTpe6Ha CTpyiHO-MeTOflHMKa o6jatu-

H>eH>a. OBaj ceMUHap je oueiteH oa crpaHe yqecHHKa Kao BeoMa KopHcraH h ycneuiaK.

flpyru ceMHHap 3a HacraBHHKe xeMHje y ochobhom BacnirraH>y h o6pa30Bait.y oprami-

30Bao je Me^yonmTHHCKH 3aBOfl 3a yHanpe^HBaite Bacrnrraita h o6pa30BaH>a y Kpa-

jbeBy. ycTBapn to je 6ho Mctoahmkh npaKTHKyM ca ioiibeM ocnoco6ji>aBaH>a HacraBHHKa

xeMHje 3a npHMeHy Jia6opaTopHjcKe Merofle pa^a. CeMHHap je Tpajao yKyrrao 1 1 AaHa,

a cpeflcraa 3a peajuuauHjy je o6e35emio Peny6juwKH CH3 ocHOBHor BacnirraH.a h 06-

pa30BaH>a. Obhm ce,vumapoM je o6yxBaheHo 7 HacraBHHKa hs wkoml y KojHMa nocroje

ycnoBH 3a jiaoopaTopHjcKH paa H3 xeMHje. y OKBHpy OBor npaKTHKyMa o^pwaHO je

12 npeAaBaH>a H3 neaaroraje, ncnxononije h MeroAHKe HacraBe xeMHje. IIpe;ianan,a

cy npmajw caBeTHmm H3 3anoaa. nopea ciiyuiaH>a npeaaBaH>a h flHCKycnje, yMecHinni

ceMHHapa cy aKTHBHO pa^HJiH Ha rmcaH>y npnnpeMa h B3paAH paflHHx JiHcroha 3a jia6o-

paTopujcKH pan y^eHHKa. Ha Kpajy cy cbh ypar)eHH MaTepnjajui yMHWKemi, h cBawu

ynecHHK je flo6no naneT thx MaTepnjajia, Koje he npHMeKHBarH y HacraBH.

Akthbhoct u/ianona noflpyHoome Hcno/beHa je l/i Ha cnpoBohesby aKiraje y TaKMHMeay

yueHHKa H3 xeMHje y OKBHpy noKpeia „HayKy MJiaAKMa".
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TojjaamA cKynunriHa nonpyHaume 0AP»cana je 5. AeueM6pa 1981. roAHHe. HsBeurraj

o paay Iloflpy>Kiome y 1981. toahhh noflHeo je GnaBOJbyS "ByKHh. H3Beurraj je npn-

XBahea h pan oueibeH xao caAP»cajaH h KopBcraH. Pa3pemeH je aywHOCTH YnpaBira

o«6op h H3a6paH hobh oa 9 HJiaHOBa. Hobh npe,nceAHHUH aKTHBa cy: Pamaa Xajnudotuh

y Hobom ria3apy h Mujioh MapKoeuh y KpajbeBy (3a xeMtraape ochobhhx uikojib), a

3a aKTHB xeMHMapa y ycMepeHOM o6pa30BaH>y MuAopad Mu/ioeanoeuh.

ripeflceflHHK rioapy>KHHue je C,i<uojby6 "Bynuh.

FIodpyotCHUifa — Hutu

Iloapy>KHHiia y Hmny Koja oKynjba 297 twaHOBa CXJX je npoTeKJie roAHHe npouiaBiina

30 roAima nocTojaiba H pajpi na je H najDehn ,ieo aKTHBHOCTH nocBeheH npunpeMa.Ma

3a npociaBy OBor jy6HJieja noflpyHCHHue. FIpocjiaBa je oflpwaHa Kao CBe*raHa cKyn-

uiTHHa noApywHHue. Ha H»y cy 6mm no3BaHH ocHHBaqH rioflpy>KHHue, ayropH oap-

>KanHX npeflaBaita, npeflceflHHK CXJX, h npeacTaBHHim npHBpeAHHx h apjthx opra-

HH3auHja h HHCTHTyiwja ca Kojmta je noflpyncmma capal)HBajia tokom 30 roflHHa.

Kpo3 no3ApaBHy pei, npotp. GraHMMHp ApceHHjeBHh, ocHHBai h npBH npeaceaHUK

IloflpjOKHHue, AaHac rJiaBHH h oatobophh ypeAHHK Hacormca ..XeiwHjcKH npernea",

eBoimpao je Bpeiwe ocHHBa&a h ycnoBe pa«a noApywrome, a noAceTHo je h Ha cBe ohc

KojH cy 3ano^ejiH aKTHBHOCT y Hoflpy>KHHUH. npe^ceflHHK CXfl, npotp. .UparyrHH

JXpa>Kiih, no3flpaBHO je cBeiaHH cnyn h no»te.neo uiaHOBHMa FIoflpyHCHHue ycneuiaH

aajbH paA. Tom npwuiKOM H3Heo je h HeKe rjraBHe h 3HaMajne KapaKrepHCTHKe H3 pafla

JXpyuiTBa y nejiHHH.

Kpo3 petpepaT „0 30-ToroAHum>oj aKTHBHOCTH noApy^Hnue", kojh je H3boa H3 o6hm-

HHjer MaTepHjajia, a KojH je noAHeo npotp. MeflOMHp Apcnh, H3HeTa je Haj3HaqajH»ja

aKTHBHOCT h nocTHTHyxH pe3yjrraTH y AOcaAaum>eM paAy.

Ha CBewaHoj CKynurrHHH cy 3araM ypyMeHa npH3HaH>a. 3a H3y3eTHy aKTHBHOCT h TpajaH

aonpHHoc pasBojy noApyHonme AOAeJi>eHe cy Tpn noBejfce h 30 3axBajiHHua 3a ycneuiHy

capacity h aKTHBHOCT y paay.

OcHHBa^j, npBH is flyroro^HunfcH npeAceAHiiK npotp. CtuauuMup Apceuujeeuh, nporJiauieH

je 3a noMacHor npeflceAHHKa noAPJOKHHue, a npotp. VedoMup Apcuh, 3a CBojy flyro-

roflHnnfcy ycneuiHy aKTHBHOCT h TpajaH Aonpmioc pa3Bojy IloApyHtHHue, npor/ianieH

je 3acny>KHHM HJiaHOM HoApyHonme.

noflpy>KHHLia 3axBaji>yje npotp. ApcemijeBiihy iirro ce oaa3Bao h yrecTBOBao y jy6n-

jiapHoj npocjiaBH, Kao h npotpecopHMa JlparyTHHy Jlpawiihy h CjioobflaHy PHCiwhy.

y H3BeniTajy noApy»(HHue Hcnwe ce pa3yMeBaH>e PeKTopaTa yHHBep3HTeTa, Kojn je

OMoryhno Ba ce CBeuaHa CKymnTHHa oapH<H Ha yHHBep3irreTy y CBeuaHoj cajin, uito

je 3HaTH0 flonpHHe^o ycneumoj opraHH3amtju npocnaBe.

3a oapel)eHy tpmiaHCHjcKy noinoh H3pa>KeHa je 3axBanH0CT <t>iino30tpcKOM tpaKynTeTy,

P. O. „ByjiKaH", P. O. ..Hancyc" OOyP Boaoboa, P. O. 3a npoH3BOAH>y ofljiHBaKa,

OOyP „JlHBaii" h P. O. ooojeHHX Merajia ,,'Bypo Cajiaj".

Ofl flpyrnx aKTHBHOCTH, y npBoj nojiOBHHH 1981. roAHHe opraHMOBaHa je eKCKyp3Hja

yHHBep3HTeTy y naTpacy y Tpwoj (16—19. IV 1981.) y Kojoj cy y^ecTBOBajia 22 wjiaHa

noflpy»<HHiie. Tom npHJWKOM npotp. npeMOBiih, Taflamn>n npeaceAHHK noapy^HHije,

oApwao je npeAaBaH>e ,fO CTapocTH 3BOHaMKor uiKpHJbua h ap>thx uiKpHJbaua", a o6h-

beHe cy xeMHjcKe h tpH3HUKoxeMHjcKe jiaSoparopHje, Kao h ueo yHHBep3irreTCKH kom-

njieKC kojh je HeAaBHO H3rpal)eH. npnjeM je 6ho npnjaTejbcKH h KojiernjaJiaH a rpyny

je npHMiio h peKTop yHHBep3HTeTa.

Ha roAHiinfcoj CKyrmnuHH OAP»caHOj 21. XII 1981. roAHHe u3a6paH je npeAceAHHK

IloApyJKHHue npotp. Muodpai heutKoeuh, Kao h hobh ynpaBHH h HaA3opHH OA6op.

Ilodpyotcmua — Bpane

y npoTemioj toahhh noAPy>KHHua je oKynJta^a 35 ujiaHOBa. OBaj 6poj H3 roAHHe y

roAHHj' Bapupa jep ce HeKH HacraBHHuii cejie H3 jeAHor Metrra y Apyro h o TOMe He o6a-

Beurrauajy ynpaBy noApyHanme a KOMyHiimipaH>e ca CBaKHM qjraHOM noApy>KHHue

je Kapowro otchoho 36or Benmmte h KOH^Hrypaunje TepeHa Ha KojHMa ce Hajia3e

Haceiba y xojHMa yjiaHOBH IloApy>KHHiie paAe. Berooty npenpeKy OKynibafey HacTaBHHKa

— <uiaHOBa noApy>KHHHe npeACTaBJba h paAHa o6aBe3a cBaKor 3anocneHor Aa y TOKy

uikojickc roAHHe oap>kh npeABH^eH 6poj HacraBHiix nacona h crora hm ynpaBe uiKo^a

HepaAO A03Bon^Bajy AOJMaaK Ha cacraHKe y paAHOM BpeMeHy, a cy5oTOM, iiapowTo
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y 3HMCK0M nepHOAy, npocropHje uikojis y KojHMa ce OApxcaBajy cacraHim ce He rpejy,

na je Ta^a OKynJi>an»e Bpjio OTOKano.

YnpKoc HaBeflemix Teiunoha YnpaBa noApywunme je y TOKy OBe roAHHe opraHH30BaJia

ABa cacTaHio. IlpBH cacraHaK je OApmaH 5. jyHa 1981. roflHHC JXp Mima "Borah, biilliii

HayMHH capaamiK Bojuo-TexHHWor HHCTHTyTa H3 Beorpa^a, OApwajia je npeaaBaae:

„Oco6nHe caBpe.MeHnx Gojiwx orpoBa a 3aurorra on h>hx". npHcymo je 6hjio 18 inaHOBa

rioflpy>KHHue.

JIpyrn cacraHaK je oflp»caH y capa^pbH ca npocBeTHO-neAarouiKHM 3aBOAOM H3 Bpaita,

24. oKTo6pa T.r. ca npocpecopiiiwa kojh npe^ajy xenuijy Ha I h II cryn&y ycjwepeHor 06-

pa30BaH>a. Ha obom cacraHKy je npeAceAHHK noApyHoraue CXJI y Bpaity, >KiiBa;inn

ABpaMOBHh oApmao npeAaBaite: „ripo6jieMH HacraBe xevinje Ha npBO.w crj'nH.y yctie-

peHor o6pa30Baiba" y3 pa3.MaTpaH>e KopHTOBaHor HacraBHOr nporpaiua 3ajeAHJWKHX

ocHOBa y 1981. roflHHH. CacTaHKy je npiicycTBOBajio 14 npcxpecopa — M.uaHOBa Ilo-

ApywHHue.

Ha npiuiHMHe TeuiKohe IIoApy>KHHua HaH-aasii h npn npnKynjtan,y roAHiinte uiaHapHHe

jep ce TeuiKO KOMyHHUHpa h ca qjiaHOBHMa noApy»tHHue KojH >KHBe y caMOM Bpan>y.

Ho, ynpi<oc Tora nonpy>KHHua HMa no3HTHBaH 6n.'ianc oa 1980 AHHapa h y oBoj i-oahhh,

jep cy H3flaim CBejxmu Ha MiiHHMyM.

npe^ceAHHK noflpyHoome je cb8kom MJiaHy niicMeHHM nyTeM AocraBHO H3Beurraj o

pany noApy>KHHue 11 (piiHaHrajcKH H3Beurraj, c mojioom na o5paTHOM nourroM uiaHOBH

AocraBe CBoje npeAnore 3a H36op HOBor YnpaBHor h Hafl3opHor OA6opa, Kao h npH-

XBaTaH>e roflHura.er h (pimaHrajcKor H3BeuiTaja n npeAJior 3a HOBor npeAceAHHKa no-

flpyjKHHue.

McbyTiiM, Ha OBaj HamiH HHje H3a6paHO hobo p>'koboactbo noApy>KHHue. JXo usSopa

he rloflpy>KHHiiOM pyKOBOAiiTH Aocaaauntu YnpaBHH oa6op ca npeaceflHHKOM 'Muta-

dtmoM AepaMotuheM.

nodpyncHiitta — Bop

3a uiaHOBe noapyHumue y Eopy y tokv 1981. roAHHe opraHit30Bana cy npe;;aBaH>a:

1. JXp MnjiopaA MnJi>KOBHh, TexHiWKH (paKyjiTeT Bop, ...IJereKUHja h Koirrpojia 3a-

ral)HBaua,

2. JXp 3bohhmhp CTaHKOBHh, „MoryhHOCTH npwMeHe ejieropoxeMHjcKHx peaKTopa ca

TpofliLMeH3H0HajiHHM ejieicrpoAaMa y 3aurrHTH woBeKOBe oko.ihhc",

3. JXp MojwHp JoBaHOBHh, TM4" Beorpaa, „npiiMeHa joH-cejieKTHBHHX e-ieinpo^a y

aHanHTHMKoj xeMnjn,

4. Hp PaaocaB Aunh, HXTM, „CaBpeMeHe ejieKTpoxe.wHjcKe MeroAe MepeH>a",

5. JXp KOHCTaHTHH IIojihthc, CP HeMamo,

— JeaHH>eH>a MeraJia npejia3He rpyne

— CynepnpoBOfljbHBH iwaTepHjajiH

— OpranH3ai(Hja Haywo-iicTpawHBauKor pa^a y HHCTHTyTy 3a npuMeibeHa HymieapHa

HCTpa>KHBaH>a y Kap/icpyey, CP HeiwanKa.

nopeA npeflaBaH>a, 3a 28 npnjaBJbeHHx <uiaHOBa oBe I~IoAPy>KHHue, opraHH30BaHa je

eKCKyp3Hja y „MepnMy" H BojHO-TexHHWH HHCnrryT y KpymeBiry.

Ha roflHiuifcoj CKynuiTHHii oflpwaHoj 9. XII 1981. toahhc imSpano je 9 MJiaHOBa Yn-

paBHor ofl6opa H npeAceAHHK noApywHHue Mp Be/msap CuiaHKoeuh.

riodpyMCHttifa — Kpcuyjeeatf

IIoflpyHOuma y KparyjeBUy jc CBoj pa;; y 1981. roflHHH oapwajia Kpo3 npe,aaBaH>a n

pan HacraBHe ceKintje.

npeaaaaibiiMa je npncycTBOBa:io npoce^iHO 20 c.iymajiaua nojii cy ynecTBOBajm h y

AHCKyrajH. OflpwaHa cy cjieaeha npeaaBaiba:

1 . JXp HBan ryTwiaH, HMO KparyjeBau, ..IlpiiMeHe rpacpoBa y xeMiijn",

2. Mp Jlparoc.iau CTOHitKOBiih , XHn HaimeBO, „0 noHaiuafcy racoBa na bhcokhm

npHTHcmiiwa",

3. JXp JoBan MH^oBaHOBiih, nM<t> KparyjeBau, „XcMHja Biwa",

4. JXp TojKO JlyHKHh, 3aBOAH „UpBeHa 3acTaBa", KparyjeBau „Boaohhk — ropHBO

6yAyhHocTH 3a ayroMo6iuie",
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5. Dr Horst Hartmann, Texmmrai yHHBep3HTeT y Jlpe3ueHy, „Xe.\wja nojiHMeTHHCKiix

5oja*\

6. Dr Zbigniew Paszek, EKOHOMcna aKaueAinja, KpaKOB, „IIpnMeHa craTHCTHKe y xeMHjn".

y OKBHpy HacraBHe cerawje oupwaffit cy cneueha npeuaBaiba:

1 . >KHKa MinpoBHh, „06jthuii h Meroue paua y nacraBii xeMHje",

2. Hp HBaH TyTMaH, nM<t> KparyjeBau, „XeMiijcKa Be3a",

3. /KHBaauH BjTapquh, nM<t> KparyjeBau, ..OKCHUopeuyKUHja",

4. JIp Hracojia Munich, ITMO KparyjeBau, „nepHO/nai chctcm ejieMeHaTa",

5. Mp AjieKcaimap TeouppoBHh, nM<t> KparyjeBau, „CTepeoxe,MnjcKii acneKTH aun-

Uhohhx, ejiHMHHamioiiHX ii cyncTHTyuHOHitx peaKUHja".

ripeAceflHHK noflpy)KHHue je up Htm rytuMan.

TIodpyDKHUtia — JlecKoaati

Ilopefl cbhx TeuiKoha y oi<ynJbaiby uiaHosa y TOKy 1981. rouHHe rioapywHHua je y

capauKii ca 3aB0U0M 3a yHanpetjHBaibe BacmiTaiba n o6pa30BaH>a H3 JlecKOBua, oup>Kajia

Tpii ceoHHue.

TjiaBHa riHTatfca AHeBHor peua 6mia cy aHa.TH3a ocTBapeHiix pe3yjiTaTa paua, Mepe 3a

no6ojbinaH>e ycnexa y HacTami xeMiije h opranH3auHja TaKMiweiba y OKBHpy noKpeTa

„HayKy MJiauHMa".

Ochm Tora, pacnpaBJbajio ce o OTBapaiby h onpe.waiby hobhx Ka5nHeTa, o iiOTpeomiM

KaapoBHMa 3a npmipeMaibe bok6h h ueMOHCTpauHOHHX omeua, Kao h yonurre o MaTe-

pajajiHOM nonoKajy uiKojia ca HacraBOM xeMHje.

OapwaHa cy h cneueha npeuaBaiba Koja cy npHnpeMiimi qjiaHOBH noupy>KHHue:

1. reoAieTpiija opraHCKiix MoneKyna

2. XpoMaTorpa<pnja y nporpaMy cpeuibHX uiKojia.

Flpewa H3Beiinajy npeuceuHHKa noupywHHue, CaeiuoAUKa Kociuuha, aKTHBHocr OBe

rioupy>KHHUe 6h Tpe6ano ua je Beha.

TIodpyMCHuya — Tuiuoeo Yucutte

Oaa Kama najM.nar)a noupynaniua ca jeuHorouHiuibHM pauHHM crawoM OKynJba xe.Miwape

H3 10 onuinma a pau ce ouBiija Kpo3 10 AKTHBa h CeKUHja y Bajbaomtun 6aKpa „Gno-

6ouaH rieHe3Hh" y CeBojiry. V TOKy 1981. rouime Akthbh h CeKunje cy oupa<ajiH no

5 cacTaiiaKa Kojii cy 6hjih nocBeheHH MOuepHiraauHjH nacTaBe xejwiije, npaKTHimix Bew-

oaita y ochobkhm h cpeuibHM uiKona.wa. FIoupy>KHHua je Tai<ol)e oupwajia 5 cacTaHaKa

Ha KojHMa je pa3MaTpaHo: OMacoBJi>eH>e rioflpywHHUe, opraHH30BaH>e ycnemmijer paua

AKTHBa h CeKuuje, HacraBa xeMHje y ochobhhm h cpeuibim uiKojiajwa h upyra mrraiba.

Ochm Tora, 3a unaHOBe noupy>KHHue opraHH30BaHa cy h cneueha npeuaBaiba:

1. AKaae.MHK npocp. JX- BhtopobkH, nM<t>, Eeorpau, „HeKH hobh xeMHjcKH H3Bopn

eHeprnje Kao ajiTepHaniBa 3a Ha<pTy". (npHcyrao 80 m.)

2. Hp JoBaH "BoptjeBHh, up. HHKOJia IloTKOH>aK h up PauHBoje KBaiimen, <1>iijio30(pckh

(paKy.nTeT, Eeorpau, „yien>e njTeM peuiaBaiba npoone.Ma"

— yneibe nyreM HHUHBHuya.rm30BaH>a HacraBe

— yweibe nyreM nporpaMHpaHe HacraBe

ripeuceuiiHuiTBO noapjWHHue TaKolje je oupwano 5 cacranaKa a 6aBHJio ce yrnaBHo.vi

KoopuHHaujijoM paua AKTHBa h CeKinije.

Ha rounuiiboj CKymirrHHH 3a npeuceuHHKa Houpy>KHime noHono je iwaSpan JJpMoj.ta

Hetuaiuh, npocBeTHH caBCTHHK Thtobo y>i<inie.

PAH CEKUHJA CXJl

y CBOMe cacraBy CXH H,>ia 17 ceKinija. HaHauiiboj rounuiiboj ci<ynuiTHHii oiihe nouHeT

npe/yior o ocutreajby joui jeflHe, CeKunje sa sauiTHTy HtHBorae cpcunHe. Hperjieu paua

ceKiuija y npoTeKnoj touhhh npmca3an je y HacrauKy OBor ii3Beurraja.

Cexifitja 3a iueopujcxy xeMujy

Ochobhh 3auaTaK CeKuuje 3a TeopHjcKy xeMHjy CXJI je ua Kpo3 opraHH30BaH.e npe-

uauaiba h ceMHiiapa yHanper)yje cBe BiiuoBe TeopiijcKe xeMHje 11 ua Ha Taj Hauim OKynJbB
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xeMimape h Haytme paAHHKC cpoAHHX crpyKa kojh cy 3aHHTepeconaHH 3a TeopHjcKe

acncKTe xeiturjcKHx HayKa.

OBaj 3&aaraK CeKUHja je ocTBapana y 1981. roAHHH Kpo3 hhs npeaaBaiba HJiaHOBa CeK

UHje h HCiaKHyrax HayMHHX paAHHKa m 3e.MJi»e n HHOcrpaHCTBa.

O^pwcaHa cy cnefleha npc;;aBaita:

1. HeHafl KocTHh (Bhckohchh, CAJX): „Kap6HHCKH h Kap6eHCKH KoiwruieKCH: Be3HBait>e,

peaKTHBHOCT h KOHtbop.wauHje"

2. JIparocjiaB CTOHJbKOBHh (XHn, riaHHeBo): „4>a3H0 craH>e KOMnponiHBaHor erarceHa"

3. Hbsh TyTiviaH (I1M*, KparyjeBau) h HsaH JypaHHh (jTIM<t>, Beorpaa): „IIpaBHJio

KpymeBCKor"

4. Mapuja Kpjwap (riM<t>, EeorpaA): „TeopHjcKO H3paMynaBan>e cneicrapa ManeKyjia"

5. H3tok HaA«K (Hhcthtjt 3a cpHaHKy, Eeorpa/i): „Pe30HaHTHH ejieKTpoH-MOJieKyjicKH

cy«apH"

6. Joseph Delhalle (Ha.Miip, EejrrHja): „KBaHTHO-Mexaiuwi<a upoyiiaBaita KOHjyroBaHnx

nojiMiwepa"

7. Horst Hartmann (JXpesjxeH, HJIP): „TeopHja noJiMMenmCKHx 5oja"

8. Bertil Holmberg (Jlymi, UlBCACKa): ..CrpyKrypHH moachh Ha ocHOBy AH(ppaKUHOHHX

noAaTaio 3a pacrone h KOHueHnrpoBaHe Bo/jene pacrBope kojh caapwe cpc6po(I)"

9. Werner Ulbricht (EajpojT, CP HeMtwa): ..ArperaunoHO noHauia&e AeTepreHaTa

y BOfleHiiM pacrBopHMa"

CBa npciaBaiba cy 6iuia Ao6po nocehetia (10—30 aiyuiajiaua) h nponpaheHa hchbhm

OTCKyciija.Ma.

riopea obhx npeflaBatba, y Toi<y AeueM6pa iweceua, CeKimja je 3a CBe tiaHOBe CXJl

opraKH30Bajia urooiyc oa 5 npeflaBaiba noA 3ajeflHHMKHM HaaioBOM „npHMen>eHa KBaHTita

xeivurja". OBa npe;iaBaiba je o/rpwao npo<pecop 3bohhmhp MaKciih ca 3arpe6ain<or

CBeymtnuurra.

3a npeflceAHHKa CeKUHje noHOBO je H3a6paH aKaAeMHK npod). AP Muxouao Jb. Muxau-

Aoeuh, a 3a ceKpeTapa ap Mtan Jypanuh.

Hacuiaeua cexyuja

y TOKy 1981 . roAHHe, y oKBHpy HacraBHe ceKUHje, OAP>KaHa cy Tpw cacraHKa. JeAaH

cacraHaK je 6ho nocBeheH AoroBopy o paAy HacraBHe ceKUHje y uiKoncKoj 1980/81.

roAHHH. HajBehH 6poj HaoraBHHKa onpeAenHo ce 3a cacraHKe ca npaicrHWHOM caAP>KHHOM.

IlopeA Tora oApwaHa cy cneAeha npeAaBa&a:

1. Mp MurceHa UlypjaHOBHh h PaAHBoj HiiKo.najeBnh: „IlpHMeHa rpacbcxponnja y pe-

AOBHOj h AonyHCKoj HacraBH"

2. Jlp JfcyoHua IlpoAaHOBHh: „PaA y napoBHMa"

IlpeAceAHHK HacraBHe cerawje je "Bypfyiya Bajiaud.

MeuiaAypiuxa coctfuja

Akthbhoct MeTaAypuiKe ceKUHje y 1981. roAHHH cacrojana ce y opraHH30Baiby Tpn

3aceAa»>a ca 9 npeaaBaita, jeAaH Aoiuahn h ocaM crpaHux npeAaBaua. IlpeAaBaibHMa

je npHcycTBOBano y npoceKy 30 uiaHOBa. ITpBo 3aceAan>e opraHH30BaHO je y 3ajeAHinrn

ca TpynoM 3a peojiornjy JyrocrcoBeHCKor apyurrBa 3a MexaHKKy, a Apyro ca KaTeApoM

3a MeTaJiyprHjy rao>Kha h lejiHKa TM<t>, y OKBHpy jeAHOAHeBHor VII BeorpaACKO-

-KjiaycraJicKor KOJioKBHjyMa.

OAP>KaHa cy aieAeha npeAaBan>a:

1. Dr J. T. Read: „KoHTypHH mrrerpaji h .vioryhHocr HenocpeAHor Mepeaa H>eroBe

BeJIHMHHe"

2. Dr E. R. Fukler: „Mane MexaHH3Ma pa3Boja npcjiHHa"

3. Prof. Dr ing. Eberhard Schiirmann: „AHanH3a jia6opaTopHjcKHx H noroHCKHx pe-

3yjiTaTa oSjaBjteHiix y jiirrepaTypn o yKJiaH>aiby auiHUHjyMa h (poc<popa U3 rBOH<r)a

noMohy Tpocrai noje caAP«<e coay"

4. Dipl. ing. Hans-Peter Erz: ..YTHiiaj OKCHAHcaHOCTH TpocKe Ha yicnaH>aH>e cyivuiopa"

5. Dipl. ing. Ulrich Hensgen: ..ynruaj JierHpajyiurx eneitieHaTa Ha TeivinepaTypy jihk-

BHAyca KOHTHHVHpaHO jiHBeHHX Fe-C-Xi Jierypa"
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6. Dipl. ing. Joachim Janz: „Toiijiothh ecpeKTH npH o6paan lejiHKa ca CHJiHUHjyM-

KapoanoM"

7. Dipl. ing. Heiner Schwutke: ..JXejiOBaae OKCHaaunoHHX cpaKTopa Ha yKnaH>aH»e

cyjunopa nojwohy tpockh Gorarax npewoM npH nocTynuHMa oopaae y Jiomjy"

8. Dipl. ing. Ingo Kolm: „yTHuaj ofliioca asoBajieHTHor h TpoBajieHTHor Hceneaa Ha

pacTBopjbHBOCT MgO y tpockh y cBeTJiy HarpH3aBaH>a BaTpocrajiHe oGjiore ejieK-

TpojiyMHHx nehn"

9. IIpcKp. ap GreBO TpajKOB: ..IlocTynaK no6Hja&a (pepo-HHiuia y npeay3ehy <J>EHH

KaBaaapuH".

Ochm HaBefleHor, CeKunja je y nepnoay 1981. roaHHe noKymajia aa aKTHBHpa hhjkc-

H»epe MCTajiypre, qnaHOBe CXJX y npeay3etuiMa, ca mui>eM aa ce Harcaro&a Hcrpaxai-

Banraa pe3yjrraTa oprainreyjy y caMHM npeay3ehHMa, KaKO 6h ce noCoiumna aicrHBHOCT

CeKUHje. IloKa3ajio ce MeljyTHM aa ce Ha HHBoy Peny6jiHKa h JyrocJiaBHje opraHH3yje

roAHmae 3HaTaH 6poj caBeroBaita h cn.Mno3Hjy,Ma KojH ancopSyjy aKTHBHocT MjraHOua

Tano fla je iwaH>e HHTepecoBaH>e 3a H3JiaraH>e y CeKUHjH hjih Tammje, Heivioryhe je oa-

roBopHTH cbhm no3HBH.Ma, a HHWeitepH H3 opraHH3auHja yapyweHor paaa HMajy Behu

HHTepec 3a paaneHy MHimbeaa Ha cHMU03HjyMHMa. y HasecHoj MepH HacTojaH>a 3a op-

raHH3an>ijy npeaaBaH>a y npeay3ehH.Ma ontejie cy h cra6HJiH3ainioHe Mepe.

Ha ro^Hum>eM cacraHKy mmnoMHpaHHx mDKe&epa MeTajiypra, KojH cy aHnjioMHpajiH

Ha TM4>, QflpmuaoM Maja 1981. roaHHe, CcKHKja je cnpoB&na aHKCTy y umty yvnaa-

Ba&a hobhx uiaHOBa y CXJX. Tom npHJiHKOM npnjaBJbeHO je 20 hobhx <uiaHOBa.

rioTpe6H0 je BCiahH aa je aKTHBHocT KaTeape 3a MeTajiyprnjy rpon<lja h lenHKa Te-

XHOJiouiKo-MeTajiypinKor (paKyjrreTa y Beorpaay h noce6HO ap Jb. Hea&JbKOBHha, ao-

npHHena, Kao h y npoTeiuniM roaHHaMa y Bejimcoj .Mepn paay CeKUHje.

ripeflceflHHK CeKUHje je npo<p. ap flpatuna MuxajjioeuH, a ceKpeTap ap Cno6odan Ma-

uiujaiuesuh.

AnaAuiuuHKa ctKt/uja

y toicy 1981. roflHHe AHajumniKa ceranija je oapwana cBoj 48. cacraHaK Ha Koiwe je ap

Teoaop Act, npoinecop TM<t> y Beorpaay oap>Kao npeaaBan>e: „MaceHH cneKTpoMeTpH

o6pHyTe reoMeTpHje: npHHumra h npHineHa". npeaaBaity je npHcycTBOBajio 14 unaHOBa

CeKqHje. llpHMeHa MaceHor cneiopoMeTpa o6pHyre reoMeTpuje Koja je umpoKO npn-

xBaheHa Mel)y HCTpaauiBami.Ma, ii3Jio»ceHa y obom npeaaBaity, noacraKiia je Homy flHc-

KycHjy HnaHOBa CeKimje.

3a H3y3eTHe pe3yjiTaTe y HayqHOM HCTpa>KHBaH>y y npoTeKJioj roaHHH, AnajiHTHMKa

cerawja je npeAJiOKima ap hedk. Teoaopa Acra, npocpecopa TM4> 3a OKTo6apcKy Ha-

rpaay rpaaa Eeorpaaa.

Ha hctom, 48. cacTaHKy AHajiimmKe ceKunje, cei<peTap Mp hh>k. Mima Pa6peHOBHh,

acHcreHT TM<S> pa3peuieHa je ay>KH0CTH 36or jeaHoroflmim>er oacycTBa, a 3a HOBor

ceKperapa Cenrmje H3a6paHa je i«p hh>k. JbySuwca PajaxosuH, acHcreHT TM<t>.

npeaceaHHK CeKunje je npocp. ap hh*. Ojwa Buuiopomh.

Cextfuja 3a xejuujy u utexHOAozujy wexcuiuAa

y npoTeKJioj roamm ochobhh paa CeKUHje 6ho je ycMepeH Ha opraHHsaunjy h npn-

npe.Me „II JyrocjioBeHCKor CHMno3HjyMa 0 xeMHjH h TexHOJiornjH BjraKana h TeKcmna".

nopea Tora qjiaHOBH CeKUHje cy yqecTBOBanH ca pe4>epaTHMa Ha BHUie Cn.MnosHjyMa

y 3eMJi>H, Kao ihto cy IV jyrocjioBeHCKH cnMno3HjyM 0 xeMHjH h TexHOJiorajH noBpuiHHCKH

aKTHBHHx MaTepnja, yTBp^HBaH>e KBamrreTa TeKCTHJiHor MaTepHjana ma.

y TOKy roaHHe oapn<aH je Behn 6poj cacTanaKa CeKUHje kojh cy ce yraaBHOM oaHOCHJiH

Ha nprnipeMy CHMno3HjyMa.

npeaceaHHK CeKUHje je pj/mn. hhjk. Bacu/tuje Mujoeuh.

Ceictfuja 3a opzaucKy xejuuj'y

y xoKy 1981. roaHHe y OKBHpy CeKUHje 3a opraHcny xeMHjy CXfl oapwaHa cy Tpn ceK-

UHjcKa npeaaBaH>a h jeaHO njieHapHO npeaaBan>e c TeiwoM H3 opraHCKe xe.MHje.

CeKUHjcKa npeaasa&a:

1 . W. Mathrewell, University Gif-sur-Yvette, <t>paHuycKa, „HoBHje peaKUHje y opraHCKoj

XeMHjH"

2. J. R. Dias, yHHBep3HTeT y MncypH, CAR, „XeMHja KBa3HH0Haa"
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3. J. N. Kaufer, yroiBep3HTeT y MaHirro6n, Kaiia^a, ..PeaKimje H3MeHe 6a3a h <poc-

4>opjiHna3e D"

IljieHapHO npeaanaibe:

C. rionoB, EyrapcKa aKa^CMHja Kayna, „XeMHja mopckhx opraHH3a.\ia".

ripeflceflHHK CeKinrje je npo(}>. Kuaopad VexotuH.

CeKifuja 3a xejuujy u uiexHOAomjy MdKpoMOAexyAa

y TOKy 1981. roAHHe paA CeKimje 3a ManpoMOJieKyjie ce OABiijao Kpo3 cacTaHKe Ha ko-

jH*ia cy HcraKHyTH CTpyataqH H3 3eMJi>e h HHOcrpaHCTBa Apwajin npe,ianait>a H3 oBjiacni

Hayxe o MaKpoMOJieKyjuuwa. Oaphoho je yKynHo 6 npe^anaiba:

1. JIp 3opaH rieTpoBHh, T<t> Hobh Ca«, ..npniweHa AHJiaTOMerpHje h TepMOMexaHiWKe

aHajiH3e y npoyManaity noJiHMepa" (npHcyrao 20)

2. Jlp JepHej JejieHHM, HHCTHTyT 3a (pHSHMKy xeMHjy yH»Bep3HTeTa y Majtnry (CPH),

„TepMOAHHaMHKa pacrBopa nojiHMep-nojrHJwep. HcnirraBaiba pacimaibeM HeyTpoHa".

(npHcyTHO 22)

3. Jlp Mnxaj.no JahoBHh, TM<t>, EeorpaA, ..PeoJioimto noHaniaibe nojmypeTaHCKHx

Mpe>Ka" (npiicyroo 26)

4. Prof. Dr B. A. Wolf, Institut fur physikalische Chemie der Universitat — Mainz

(CPH) ..yrauaj npHTHCKa Ha pa3ABajait>e 4>a3a h noHainaifce pacrBopa nojiHMepa

npw TeweH>y" (npHcyTHO 17)

5. Jlp JXparocjiaB CTOHJbKOBHh, T<1>, Hobh Cafl, „MexaHH3a.M h KHHCTHKa noJiHMepH-

3auuje emneHa npn bhcokom npHTHcny" (npHcyTHO 15)

6. JIp MHJieHKO njiaBiimh, TM4>, EeorpaA „0 neniiM hobhm nocTyniniMa y KOHdx>p-

iwaimoHoj aHajin3H h MoryhHOCTHMa Koje ohh OTBapajy" (npHcyroo 16).

CBa npciauaita cy npahetia HHTepepecaHTHHM AHCKycnjaitia y KojHAia je ytiecTBOBao Befrii

Cpoj <uianoBa ceKinije. BpeflHO je noMeua jsa je noceheHocr npeflaBan>a y oAHocy Ha irpouiiry

roflHHy noBehaHa.

21. XII 1981. roAHHe oApwaH je roAininfcH cacraHaK CeKimje. npeAceAHHK Ceiamje

je noAHeo KpaTatc H3BeuiTaj o paay y 1981. roAHHH h o nporpaiwy pa^a 3a cneAehy ro-

flHHy. npHcyTKH uiaHOBH CeKinije cy H3Beurraj npHXBamnH.

3a npeace^HHKa CeKunje noHOBO je H3a6paH npo(p. AP Cjio6odaH Joeauoauh, a 3a ce-

Kperapa ap Jotama <t>umuo»uh.

CueK&poxeMujcKa cempija

CneiapoxeMHjCKa ceKunja h h>chh unaHOBH cy y TOKy 1981 . ronme HMajm seoMa njiOAHy

h pa3rpaHaTy 8kthbhoct, i<oja ce oABHjajra y bhihc o6jnn<a:

I. OpraHH30BaH>e njieHaprarx h ceKunjcKHx npeAaBaita ncTai<H>Tnx iiHocTpamix h ao-

Mahirx CTpytraaKa H3 o6jwcth cneKTpoxeMHje.

II. Oflp>«aBaH>e npeAasaiba y OKBHpy noflpyHartma CXJI.

III. OpraHH30BaH>e Kypca H3 aTOMCKe ancopnuuoHe h eMHCHOHe cneicrpoMeTpHje.

IV. yieuihe ca pecpeparmvia Ha mrrepHaunoHajmnM KOHrpecHiwa.

V. Jlpwa&e ruieHapHnx npeAaBaita no no3HBy Ha HHTepHauHonajinn.M KoirrpecuMa.

VI. yieuihe y opraHH3aunjH III jyrocjiOBeHCKor caBeTOBaita o aH&inrnrvKoj xeiwijH,

Koje he ce oAP>«aTH y Hobom CaAy 1982. r.

VII. AKTHBHa capaAH>a ca nnocrpaHHM yHHBep3HTeTHMa h HHCTHTyniMa.

VIII. IIlTaMnaH.e yu6enHKa H3 cneKTpoxeMHje 3a III h IV pwpeA yc.viepeHor o6pa30BaH>a.

1. Prof. Dr E. P15ko ca reojiouiKor HHCTHTyTa npHpoAHO-MaTeiviaTiWKor (paKyjrrera

y BpaTHCJiaBH oap>kbo je njieHapHO npeAaBaH>e 21. IX ca tcmom: „CneKTpoxeMHjcKa

aHaJiH3a TeuiKO ncnapjbHBHx ejie.weHaTa AHcneproBamrx y reoJiouiKHM MaTepHjajmiwa".

2. Prof. Dr T. Torok, nouacHH mjhih CXJX, npotpecop ETBeui-JIopaHA yHHBep3irreTa

y EyAHMneuiTH OApwao je 14. IV npeAaBaH>e: „MoryhHocTH npviMene uiyrube KaTOAe

Kao cneKTpoxeMHjcKor H3Bopa".

3. Prof. Dr R. Barnes ca Massachussets ynHBep3HTeTa y AMxepcry (CAJX), OApa<ao

je 3. VI npeAaBan>e: „HajHOBHja AocrHrH>'ha y HHAyKOBaHO cnpenryToj njia3MH".
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4. Prof. Dr Hugues de la Garanderie H3 HHCTHTyra 3a jiyMHHecneHUHjy npnpoAHo-

-MaTeiyianpiKor d>aKyjrreTa y noarajey oApwao je 8. X npeoaBa&e: „JIyMHHecneHiBija

MaHraHO-aMHHCKHX KOMnjieKCHHX jeAHHHUa H TeopHja KOHd)HrypaUHOHHX KpHBHX".

5. IIpocJ). AP C. PHCTHh ca ITpHpoAHO-MaTeMaTHMKor (paKyjrreTa y BeorpaAy oflpwao

je 24. XII npejiaBaibe: „0 hobhjhm cxBaTaibHMa tboTOHa y o&nacTH npoy^aBaita

ejieicrpoMarHeTCKHx paAHjainija".

Obhm cacTaHuwwa npHcycTBOBajio je 15 — 20 MJiaHOBa CneKTpoxeMHjcKe ceKimje.

ripod). ap Bouiko IlaBJioBHh OApwao je 22. XII y <pa6pnmi BaroHa h MeTajnnuc koh-

crpyKiuija Toiua y CjweAepeBCKoj rianaHUH npeaaBaite: „CneKTpoxeMHjcKa aHajwaa

H eKCUHTaUJIOHH H3BOpil".

IleHTap 3a nepMaHeHTHO o6pa30Bait>e, IIIkojhi, EeorpaA, je y capa/ntH ca CneKTpoxe-

MHjcKOM ceranijoM opraHH30Bao oa 30. Ill ao 3. IV 1981. roAHHe Kypc: Atomck8 an-

copnimja h e.vwcHOHa cneKTpoMerpnja — npHiweHa y aHajnnnuKoj xeMHjH. Kypc je o6y-

xBaTao Teopujcne ocHOBe, eKcnepHMeirrajiHy TexHHKy h npHMeHy y mcahuhhh, 6HOJionijH,

noJbonpHBpeAH, HHAycrpHjH h 3auiTHTH . H3AaTa cy CKpHirra 3a CBe iweroACKe jeAHHHue.

Grpymo pyKOBOACTBo cy camnfeaBa^H: ap JX- neiimh, ap M. MapHHKOBHh, ap JI.

GrojaHOBHh h O. MjialjeHOBHh. Kypc je 6ho Ha.weiieH KaHAHAaTHMa ca djaKyjrrercKOM

h cpeAH>oM crpywoM cnpeiwoiw, KojH paAe aim HajviepaBajy a* paAe y oBoj oSjiacTH.

OATOBapajyhH Kypc 6Hhe opraHH30BaH h 29. Ill 1982. roAHHe.

Illecr uiaHOBa CneKTpoxeMHjcKe ceKinije y^recTBOBajio je ca pecpepaTHMa Ha HHTepHa-

UHOHajiHOM KoHrpecy EUROANALYSIS IV oApx<aHOM y XejicHHKHjy aBrycra 1981.

roAHHe.

Ilpod). AP B. IlaBJioBHh oaphoo je mieHapHO npeAaBaite Ha IIojbCKOM KoHrpecy aHa-

JURHWe xeMHje y BjajiOBja>Ky ca tcmom: „CTa6wiH3auHja Jiyimrx H3Bopa".

Ilpod). AP B. riaBJioBHh h Rp &. CnMHh HMajy no3HBe Aa OAP>«e njieHapHe npeAaBaH>a

Ha KOHrpecy Analytiktreffen y Neubrandenburg-y y JIP HeMaHKoj y HOBeivi6py 1982.

roAHBe.

MjiaHOBH CeKinrje yMeerByjy y HaymiOM h opraHH3aroioHOM OA6opy III jyrocJioBeHCKor

caBeroBaiba o aHajnrnrqKoj xeMHjn, Koje he ce oaphoth y Hobom CaAy.

Ha HHHUHjaTHBy CeKunje 6Hhe no3Bana Asa njieHapna npeAaBana, Kojn he yiecTBOBaTH

Ha obom caBeTOBaH>y.

y TOKy 1981. roAHHe HacTaBJbeHa je aKTHBHa capaAH>a Ha noJby cneKTpoxeMHje Ha ocHOBy

MeljyAP>KaBHHX h Mel}yyHHBep3HTeTCKHX yroBopa ca Betmiw 6pojeM HHOCTpamtx H&ymmx

ycraHOBa: ETBeui-JIopaHA yHHBepsHTeroM y ByAHMnenrrH, HHCTHTyroM 3a onnrry h

HeopraHCKy xeivuijy ByrapcKe aKaAeMHje nayKa, UeHTpoM 3a HynjieapHa ncrpa>KHBaiha

y jHJiHxy h IIpHpoAHo-MaTeMaTHMKHM d)aKyjrreTHMa y IIapH3y h IIoaTHjey.

Tpyna ayropa oSjaBtuia je yuGemiKe cneKTpoxeMHje 3a III u IV pa3peA cpeAH>er yc-

iwepeHor o6pa30BaH>a, KojH cy HaMe&eHH yveHHUHMa cneKTpoxeMHjcKor civtepa.

Ha roAHunboj CKynmnnni CeKBjije oAP>KaHoj 24. XII 1981. roAHHe 3a npeAceAHHKa

CneKTpoxeMHjcKe ceKujrje y cneAeheM MaHAamoM nepHOAy H3a6paH je npocb. ap Bouiko

Tlaajtoeuh ca TexHonouiKO-MeTajiypuiKor (paKyjrreTa, a 3a ceKpeTapa ap Maanxa Xoau-

Aaj&Hep-AHuiyHoeuh ca npHpoAHo-MaTeManwKor <paKyjrrera y BeorpaAy.

Cexuuja 3a yzajb u ye/bosodoiiuxe

y TOKy 1981. roAHHe CeKunja 3a yr&n, h yrjbOBOAOHHKe 0AP>Kana je 4 peAOBHa crpyma

cacraHKa y BeorpaAy h jeAHo npeAaBatte y PacpHHepnjH Had>Te y nairaeBy.

CaAP>Kaj H3JiaraH>a Ha pcaobhhm CTpyMHHM cacTamniMa, y ctoiaAy ca nporpaMOM paAa,

oSyxBaTaJiH cy pa3He oSjiacra xeMHje h TexHonoraje yrjba h yrjtOBOAOHHKa h 3aiuTirre

MOiBOTHe cpeAHHe. IIpoce«jaH 6poj npHcyrHHX "inaHOBa 6ho je oko 15, ca Man>HM KOJie-

6aH>HMa oa cacraHKa ao cacraHKa.

HpBH crpyMHH cacraiiaK oApwaH je 11. mapTa c tcmom .JyrocJiOBeHCKH jihthhth y npo-

H3BOAH.H ejieicrpH^me eHepnije". AyropH nananuba cy 6hjih Mnpa MirrpoBHh, CTjenaH

ToMaumh h CnaB0Jby6 EpaTyjeBHh.

JIpyrH crpy^HH cacraHaK (5. Maja) 6ho je nocBeheH yn>HOM uiKparmy ca tcmom „KeporeH

6HTyMHH03KHx uiKptubaqa ca craHOBHUiTa napaJiejTHHX MHKponerporpatpCKHX H xeMHjcKHX

HcmmiBaiba" i<ojH cy h3jio>khjih MapKo EpueroBau h JIparoMHp BirropoBiih.

TpehH cacraHaK, (3. HOBeM6pa) 6ho je nocBeheH ..AmiaMHiDi caropeBaita pacnpuieHor

ropHBa h npannrae", a nocnywHo je yjeAHo 3a npeACTaBJbaH>e yHHBep3HTeTCKor yu-

6eHHKa o caropeBaay ayropa h npeAaaava CnoooAaHKe JoKCHMOBKh-TjanKHH.
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MerepTH, oahocho ro;nmiH>H cacraHaK je nopea opraHraairHomrx rnfiaiba HMao Ha ahcb-

hom pejxy npe/raBaH>e HBaHa MnjaTOBirha o crafty pa3Boja h npHMeHH cmrrercKHX ro-

pHBa. OBaj cacraHaK je oapwaH 12. jaHyapa 1982. roflime.

Kao hob o6jihk pa.ua Ha TpH peaoBHa crpywa cacraHKa, y H3Jiaran>y 3ajeAHiniKe TeMe,

yMecrBOBajiH cy cbh ayropH HausMeHHMHO h paBHonpaBHO. Hano to HHje npaBH o6jihk

naHeji-flHCKycHje, OBaKBHM Ha^HHOM ce occtho omHBejio pacnojiowefte yMecHHKa, na

cy ce AHCKycHj'e HeycmteHO pa3BHJie h Tpajajie ,ny>Ke oa H3Jiaraiba Te.Me.

BaH ce/rjnuTa .Hpyurraa, y Pa(pHHepnjn Hatpre y riaHieBy, AneKcannap Moumh, npefl-

ceAHHK CeKUHje, o;;p>Kao je npeoaBaibe o npHMemi Mer)yHapoAHor CHcre.Ma Mepmix

jeAHHHua y TCXHOJiornjH Haejrre h raca KOMe je npHcycrBOBajio oko 250 cjiyiuajiaua.

CeKiwja HMa 42 perHcrpoBaHa u/iaHa.

Ofl 3aflaTaKa nocraBJbeHHx nporpa.Mo.w pa/ra 3a 1981. rxynnry HHcy HcnyibeHH npojierifea

rpyrma nocera hckom HHflycrpHjcKOM nocrpojeity y okojthhh Beorpa^a h rpynHa nocera

Haymoj ycraHOBH.

IlpeAceAHHK CeKiiHje je /wnji. hh>k. AixeKcaudap Motuuh.

Cexifuja 3a xepamuKy

YnpaBa CeKUHje 3a KepaMHKy CXJJ KOHcnrryHcaHa je Ha cacraHKy o/ipwaHOM 10. Ill

1981. roflHHe, na^a je flOHeT ruiaH pa.ua 3a 1981. roflMHy h noflejteHa 3afly»ceH>a noje-

AHHHM UJiaHOBHMa YnpaBe.

23. IV 1981. roflHHe OflpwaHO je ceKirjijcKO npe^aBaite npocp. flp W. Vogel ca Friedrich

Schiller yHHBep3irreTa y JeHH ca tcmom: „CneiwjajrHa craicia h nepcneKTHBe pa3Boja".

Obom npe^aBaifay npHcycrBOBajia cy 24 uiaHa CeKinije.

J^pyrH parooi cacraHaK YnpaBe CeKinrje 3a KepaMHKy oflpwaH je 28. IV 1981. roOTHe

no nHTaifay opraHH30BaH>a I CTpynror cacraHKa CeKirnje y 1981. i-oahhh y Hobom Eeiejy.

15. V 1981. roflHHe oaphoh je Beoiwa ycneuiaH paflHH cacraHaK H3 o6jiacrH rpar)eBHHCKe

KepaMHKe y Hobom Ee^ejy Ha KOMe je npHcycrBOBajio 65 MJiaHOBa CeKinije h noflHcra

cy 4 caonurreH>a :

1. R. HhkojihH, B. CTojaaoBnh, A. Bajnh a C. PaflocaBJi»eBHh : „MHHepanouiKo xeMRjcKo

npoyHaoajfee hobhx KepaMHHKHx ciipoBiwa — niHHa OKOJirae Jlennome koa IHanua"

2. O. Jarbuh, M. CeaHaHHh, „TepM0BH3H)CKa Kompojia npecoBaH>a KepaMHWKHx ruio-

wira".

3. B. KoBaweBMh, M. Jeebrah, B. Korrra h M. IlejoBHh: „KopnuiheH>e 3acHheHor Ba3,oyxa

H3 komophhx cymapa 3a npoH3BO«H>y paca/ra y njiacreHHiu«ia".

4. ..TexHOJiornja npoH3Bo;mt>e shahhx h noamix KepaMmrKHX rmoMHqa HOBe cpa6pHKe"

crpyMHH capa^rHHUH 3a KepaMHKy HrK ..IIojieT", Hobh Eewej.

riocjie noflHerax caomirreiba opraHH30BaH je h o6njia3aK HOBe cba6pHKe KepaMHWirx

ruiowHua y Hobom Eeiejy.

Tpehn cacraHaK ynpase CeKinije 3a KepaMHKy oapnoH je 6. X 1981. roflHHe no mrraH>y

opraHH3auHje crpyroor cacraHKa y AparijejioBuy.

II paflHH cacraHaK CeKinije 3a KepaMHKy H3 o6jracnt BaTpocraJiHHx MarepHjajra h chjih-

Karae KepaMHKe oapwaH je 30. OKToBpa 1981. roflHHe y ApaHr)ejiosuy Ha KOMe cy nofl-

Hcra cjiefleha caoniiiTeH>a :

1. JI. ByMKOBHh: „Hei<H acneKTH MoryhHocrH Kopmuhefta Mpe»cacTHx MarHe3HTHHx

ne>KHurra 3a nporuHpefte chpobhhckc 6a3e BHcoKo-BaTpocranHHX MaTepHjajra".

2. C. CraHimiHh, M. KocoBay : „06jeKTHBHOCT H3a6paimx MeTOfla 3a ncnnTHBaite ckjio-

hocth CHHTepMarHe3HTa npeMa xHApaTajjiajn".

3. J. TpyHHh: „TepMOH30JiarmoHH BaTpocranHH MaTepHjajiH".

4. M. KajuraaHiui: „yTHuaj TexHojionnce npnnpeMe 6ojnoua Ha KapaKTepHCTHKe cirpoBe

h netreHe rjia3ype".

Obom cacraHKy npHcycrBOBajia cy 54 ujiaHa CeKiurje 3a KepaMHKy.

riocjie oflpwaHHx npe^aBaita opraHH30BaH je h o6njia3aK hobhx norona 3a npoH3BOAH>y

creaTHTa HH^ycrpHje ejieKTponopnejiaHa y ApanrjejioBny.

13. XI 1981. roflrae y HHCTHTyTy „Bopnc Kstflpira" y Biwra onp>KaHO je ceiouijcKo

npeAaBaH>e K. FIonHTHca, BHiuer Hay^mor capaAHiuca HHcnrryTa 3a npnMeH>eHy cpH3Hi<y

y Kapncpyey, 3. HeMawa, ca tcmom: „Kap6HflH, hhtphuh h Kap6oHBrpKAH npejrasHHx
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MCTajia; hobh cynepnpoBOflHH MarepHjara". IlpeABBa&y je npHcycTBOBano 30 unanoBa

CeiaxHje.

IV cacraHaK YnpaBe CeKraje 3a KepaMHKy onpwaH je 9. XII 1981. roflHHe no mrraifcy

opraHH3at(Hje III paraor caCTSHKa CeKinrje H3 o6jiacTH craKJia y HHAycrpujH craKjia

y IlaHMeBy.

14. XII 1981. roAiwe oaphoho je ceKrajcKO npeflaBaite ap hh>k. Jh. PaAOH>Hh, Aoueirra

yHHBep3HTera y Hobom Cafly, ca towom: „HcTpa>KHBaii,a Ha npo6jieMHMa craKJia y Ja-

naHy". IlpHcycTBOBajio je 12 uiaHOBa.

Ill paflBH cacraHaK H3 o&nacra craKJia oaphmh je 18. XII 1981. roAHHe y HHAycTpuja

craKjia y riamieBy. Ha obom cacraHKy npncycTBOBaJia cy 42 vjiaHa GnKUHje 3a KepaMHKy,

noraera cy cnefleha caomirreiba :

1. T. MynapeBHh: „CeAHMeHTH necKOBH IlaHOHCKor lwopa"

2. H. BjiarojeBHh, M. JoBaHOBHh h B. ManA: „MoryhHOCT c.wan>eK.a AcnoBan>a ra.wa-

-3pa*leH>a Ha TpaHCMHCHOHe KapaKTepncTHKe oimrwor cnuuia OApetjeHor cacraBa".

3. T. MynapeBHh, „CraHAapAH3auHja cHrypHOCHHX crai<ajia".

riocne oapmaiua npenaBaita 0AP>«aHa je h roAHinita CKynuiTHHa Ha Kojoj je imopaHa

Ynpasa CeKiuije oa 19 HJiaHOBa. 3a npeAceAHHKa CeKunje noHOBo je H3a6paHa ap hh>k.

Jbujbona Kocuiuh-reojdeHotuh, a 3a cenpeTapa Mp hh>k. Bpaimciasa EoxcoeuH.

Cextfuja 3a xejuujy u mtXHOAomjy komc*

CeKKHja je 3a 1981. roAHHy ruiarapana TpH npeAaBaH>a, Koja MehyTHM racy npnnpeM-

JbCHa, ra OApwaHa. 3aKasaHO je join jeAHO npe/iaBaibe ajiH ra oho raje OAP>KaHo. Y3poK

OBaKBHM pe3yjrraTHMa jecre iwajiH OA3HB MJiaHOBa — aKTHBHa cy 6HJia CBera TpH uiaHa,

axH hh Ta aKTHBHOCT raje AOHejia OMeKHBaHe pe3yjrraTe. CeKraja linage HMa 13 uiaHOBa.

Ha roAHiinbeM cacraHKy, y Aeu.eM6py, AoroBopeHO je Aa ce npeAy3My Kopara Ka no-

Be3HBait>y ca CaBe30M ApyurraBa Konopa CP Cp6nje » Aa ce CeKraja OMacoBH.

npeAceAHHK OBe CeKraje je hh>k. AAexcandap Tx>pt)eeuh, a ceKperap je AP Mujmaoje

Eytapacu.

E.ieKuipoxeMujcKa cextfuja

y TOKy 1981. roAHHe EneKTpoxeMHjci<a ceKraja je HMajia ner cacraHaKa, Ha KojHMa cy

oApwaHa cneAeha npeAaBa&a:

1. D. Mohilner, Colorado State University, CAJX: „E<peKaT TeiwnepaType Ha ejieicrpo-

copniwjy 2-6yTaHOJia Ha rparara (pa3a. J(oKa3 cpopMHpan>a crpyKType BOAe y yHy-

TpannfceM AeJiy ABocnoja",

2. A. JXaMjaHOBHh, Allied Corp., Morristown, CAH.: „PeAyKraja KHceoHHKa Ha mia-

THHCKOj ejieKTpOAH",

3. Prof. R. Selman, Illinois Institute of Technology, CAJJ: .XopHBHe hejiHje ca onojeM

KaprjoHara — ejieKTpoxe.uHjckh h HH>KeH>epcKH acneKra",

4. H. Wroblowa, Ford Research Center, JleTpoHT, CAJI,: ..AKy/wyjiaTopa 3a ejieKTpiWHa

B03HJia".

5. A. Arvia, Universidad nacional de la Plata, La Plata, ApreHTHHa: „AACopnraoHH

h ejieKTpocoprmHOHH npouecn Ha ruieMeHimiM .MerajiHMa",

6. P. Stonehart, Stonehart Associates Inc., MeracoH, CAJI: „Hobh pe3yjrraTH y pa3Bojy

enejapoKaTaJiH3aTopa bhcokc cneraepjrme noBpnnnie",

7. Ojnra MiihHh, HHcnrryT „BopHC Khapiw", Bmrqa: „<t>OToxeMHjcKO Ao6iijaH>e bo-

AOHHKa KopumhcibeM cBcrjiocHe eHeprnje".

Kao h parajHX roAHHa aKTHBHOCT Hairax nayHHiix HHcnrryuHja Ha ycnocTaBJi>an>y koh-

TaKaTa ca HHOcrpara.w HayMHHM HHCTirryinijaMa h HHOcrparaM HayraHM paAHHinuvia,

OMOryhiuia je EneKTpoxeMHjcKoj ceKinijH oprara30Ba%e npeAaBaita ca aicryejiHOM cneK-

TpoxeMHjcKOM npo6jieMaTHj<0M . y npoTenjioj toahhh y oBoj aKTHBHocrH ce HaporaTo

HcraKao HHcnrryT 3a eJieicTpoxeMHjy HXTM.

Ha cacraHiuiMa CeKraje 6mio je npHcymo oa 13 — 36 uiaHOBa. npeAaBan>a cy cnyuiaHa

ca lorrepecoBaibeM, Koje je 6kjio HcnojbeHO h ao6phm yieuiheM w^aHOBa y AHCKycHjn.

HopeA Tora, MJiaHOBii CeKraje cy y 3HaTHOM Spojy npHcycrBOBajiH njienapHHM npe-

AaBaH>iiMa CpncKor xeMHjcKor APyurrBa H3 oCjiacra e^eKTpoxeMHje.

Akthbhoct MJiaHOBa EjieKTpoxeMHjCKe CeKraje y npoTewioj toakhh Cmia je Hcno^>eiia

H y yMecTBOBaH>y Ha ABa 3HaqajHa Hayraa CKyna nocBeheua e^eKTpoxeMHjn, i<oja cy

OAP»<aHa y Hanioj 3eMJbn. To cy cKynoBH:
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7. jyrooiOBeHCKH CHMnosnjyM o eJieKTpoxcMHjH, OxpHA, 8—13, jyH 1981. roAHHe, it

32. cacraHai< HHTepHauHOHajmor apyurrea 3a ejieKTpoxeMHjy (32nd I. S. E. Meeting),

JlySpoBHHK — UaBTaT, 13—19. ceirreMSap 1981. r.

Ha obhm CKynoBHMa 3HaTaH 6poj uianoBa CeKinije aKTHBHO je yiecrBOBao ca Behnw

6pojei« uaywHx caoniirreH>a h ca TpH n/ieHapHa npe^aBaH>a.

y TOKy 1981. roflHHe paaoM CeKinije pyKOBOflHJiH cy llacut JJopocAoeanxu, arki. hhik.,

caBenniK HHCTirryTa 3a xe.MHjcKe H3Bope crpyje y EeorpaAy, Kao npeAceAHHK h ap hh>k.

Bepa JJpaoKuh, nonem TexHonoiiiKO-MeTajiypiiiKor (panyjiTera y EeorpaAy, Kao cenpeTap.

Ha roAHiinbeiH cacraHKy EneKTpoxeMHjci<e CeKimje, o/no>KaHOM 23. AeueMopa 1981.

roflime, nocne noAHeror roAWinber H3Beuxraja, 3aKjbyMeHo je aa je pafl CeKipije y 1981 .

toahhh 6ho ycnemaH H Ha jeAHOM Beh HH3 roffHHa ycrajbeHOM HHBoy. y"i<a3aHO je Aa

6h y CJieaeheM nepiiOAy 6hjio kophcho noneham 6poj cacraHaKa ca HanniM HayomM

paAHHUHMa Kao npeAaBawiMa. 1 1opea Tora, aKniBHOCT CeKinije Tpe6ajio 6h nponiiipirni

njiaHCKHM opraHM30BaH>eM pa3MaTpaH>a aKTyejiHHX npoGjie.wa TeopujcKe h npnweH>eHe

ejieKTpoxeMHje. YtaatBO je 3aniM «a 6h ce TpeCajio noGpHHym 3a Behe yiemhe MJial)nx

ejieicrpoxeMHMapa Ha cacraHiaiMa Ceramje h y Be3H ca thm npeAiowcHO je Aa ce cacraHUH

OApwaBajy y noro/nio Bpeiwe h npe noAHc.

Ha roAHiinbeM cacTaHKy Ceranije H3a6pami cy 3a imperii nepHOA:

— 3a npeAceAHHKa EjieKTpoxeMHj cne ceKinije AP hh>k. Bepa JlpaJKuh, AoneHT TexHO-

jiouiKO-MeTajiypuiKor (paKyjrreTa y EeorpaAy, h

— 3a ceKpeTapa EjieicrpoxeMHjcKe cerantje AP hh>k. Epanuc.iae HuxoMth, aoucht Te-

xHOJiouiKO-MeTajiypuiKor (paKyjrreTa y BeorpaAy.

Cextfuja 3a xeMujcxo UHMcenepciueo

y TOKy 1981. roAHHe 3a wjiaHOBe OBe CeKinije OAP>Kana cy cieaeha npeAaBajta:

1. TopaH JoBaHOBHh, TM<t>, BeorpaA: „HeKH npoGjie.vui npojeKTOBaiba jio>KHiirra ca

d)JiyHAH30BaHHM CJlojeM"

2. C. KoH^ap-'BypljeBHh h C. HeMOAa, TM<1>, BeorpaA: ..npHmnniHjejiHo pemeH>e

HOBora nocrynKa 3a peAHcnep3Hjy mhkpohckhx h cy6.wnKpoHCKHx Mecnma OApebeHe

KOHueHTpauHje".

06a npeAaBaH>a cy H3a3Bajia 3Ha*iajHo HHTcpecoBaibc.

roAHiuH>a cKynuiTHHa CeKinije 3a xeMHjcKO MH>KeH>epcTBO oAP'KaHa je 11. jaiiyapa 1982.

roAHHe.

3a npeAceAHHKa CeKinije je iwaopaH HpaioA,y6 B. Byxosuh, aoucht a 3a ceKperapa Ap.

ropau Joeameuh, Aoueirr
*

H3Beurraje HHcy AocraBHJiH:

— IloApy>KHHqa y KpyineBiry

— CeKqiija 3a 6aoxeMHjy

— CeKinija 3a nejiyjKoy h xaprHjy

XEMHJCKO JXPYUITBO BOJBO,HHHE

XeMHjcKO ApyiniBo BojBOAHHe je 15. jaHyapa 1982. roAHHe OAPwajio CBojy peAOBHy

roAinuH>y CKyimiTHHy Ha Kojoj cy xeitureapH BojBOAHHe cy«HpaJiH h ouemuiH pe3yjrraTe

nporeKjie roAHHe, imaie wrapTe toahhc aKTHBHocrni Xe.MHjcKor ApyuiTBa BojBOAHHe

h TpHAecere roAiwe oa KaAa je y BojBo;unni ocHOBaHa npBa rioApyHonma CpncKor

xeitiHjcKor APyiuTBa. 3axBan>yjyhn 3ajiara»y <uiaHCTBa caqyBaHa je cpiraaHCHjcKa cir-

rypHocT JIpyuiTBa, TaKo Aa ce ca onmMH3MOM OMeKyje peaJiH3auHja 3aAaTana Koje je

Ha ce6e npey3eno JlpyurrBO. Pa3y.MJbiiBo je Aa ce ca noBehan>e>i aKTHBHOcnt jaBJbajy

h Behe o6aBC3C. y paAy ce o6hhho nopeA ycnexa nojaBJbyjy h npo5jTeMii, a hcto TaKo

h noTeuiKohe na Koje je obom npmniKOM yKa3aH0.

npeAceAHHK JlpymTBa y npoTeKJioiw MaHAanioM nepHOAy 6ho je AP Perenc Gail, AoueHT

Hucnnyra 3a xeMHjy npHpoAHO-MaTeMaTiwKor (panyjiTeTa y Hobom CaAy, a ceKpeTapn :

Kamapuna IJouoe-Ileptajt, capaaraiK HHCTHTyTa 3a xeMHjy IIMO y Hobom CaAy « Mp

Muaoh Tlouoeuh. H3BpLUHH 0A6op ApyurrBa Bpojao je 66 tnafrona, a y n>eroBOM cacraBy

cy 6wia 3 uiaHa H3 noAPywanme — Cyooraua n 2 Mjiana H3 noApy>KHHqe — KmoiHAa.

CeKperapHjaT JXpyiirrBa 6pojao je 18 unaHOBa y mijeM cacTasy cy 6ana join ABa Ae^ieraTa

eh noApy>KHHqa Cy5oTHua h KiiKHHAa.
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Xe.MHjcKO flpyiirrao BojBOAHHe ce tokom 1981. roflHHe y^jiaHnno y CaBC3 xe.Miwapa

h -rexHOJiora JyrocnaBHje.

Xe.wHjcKO flpyuiTBO BojBOAHHe je npHXBatHjio npeAJior na npey3Me aAMHHHCrpauiijy

YHHje xeMHjCKHX APyurrasa JyrocnaBHje, MHje ceAHurre ce ofl 1. jaHyapa 1982. roflHHe

cejiH H3 Beorpaaa y Hobh Can.

3a npe,aceAHHKa YHHje H3a5paHa je aKaae,MHK AP Ilaym FlyuiaHoe, a 3a ceKpeTapa AP

Ferenc Goal.

HAV4HE H CTPYMHE MAHHOECTAU.HJE

Xleceni jyrocnoBeHCKH Konrpec cryAeHaTa were h npHMeaeHe xe.MHje ca MeljyHapoflHHM

yuemheM.

IIIecHaecior h 17. fleueAi6pa npoTeKjie roAHHe OApwaH je y Hobom CaAy X jyrocno-

BeHCTai cacraHaK crjWHaTa tmcre h npuvieibCHe xeMHje ca MerjyHapoAHHM yMeuiheiw.

OBaj CKyn HajMJiatvix xeMHUapa oa npouuie roflHHe npepacrao je y KOHrpec tnu«e je

c re Kan uiHpii 3Haqaj. Y npoTeKJiHX 10 cKynoBa H3JK»«eHO je oko 450 cryfleHTCKHX Hayi-

hhx paAOBa H3 cbiix noflpyqja xe.MHjcKHX Hayna h cKopo H3 ueJie mine 3eMJi>e. HajBeha

6poj ynecHHKa 6ho je H3 yHHBep3HTeTCKHX ueirrapa HoBor Cafla, Eeorpa.ua h JtyoJbaHe,

a oa CTpamix yqecmiKa HajsehH 6poj nonne H3 Mar)apcKe, HexooioBauKe, HemaMKe

.IJeMOKpaTCKe PenyojniKe, rioJbCKe, Hrajuije h OpaHirycKe. YcBojeHO je fla ce iwecro

OApHOBaiba KOHrpeca cejiH H3 rcmime y roAHHy H3 jeflHor yHHBep3HTeTCKor uenrpa

y Apyni. OpramraauHjy XI KoHrpeca npKXBaTHJTH cy cryfleHTH H3 JLy6jtaHe h Cjio-

BeHCKO KeiMIljCKO flpylHTBO.

Ha rrporiuioroflHiiiH>eM X KOHrpecy, yBOAHO npe^aBaibe oaphoo je ap JlyuiaH KaHaaup,

npeflce.THHK CAHY, ca tokom: „KaHneporeno3a HHAyKOBaHa xeMHjCKHM jeffHH>en>HMa

— paK aaHaK xesmjcKoj h TexHo.iouiKoj peBOjiyuHja".

HcroBpeMeHo je H3Jio>KeHO 55 caonurreH>a, oa Kojnx je je#aH Aeo npHKaaaH npeKo no-

crepa. YwecHimH cy fijimi H3 JLyoJbaHe, 3arpe6a, EaH>a JlyKe, Ty3Jie, KparyjeBua,

Eeorpaaa, 3peit.aHHiia h HoBor dma. Oa HHOCTpaHHx yqecTBOBajm cy H3 EpaTHCJiaBe,

Xajiea, EyAHMneurre, JJeopeueHa h CereAHHa.

CaeeutoeaHe o ojauamM uomecwpUMa

JyHa 1981. roAHHe XeMujcKo Apyurreo BojBOAHHe je ckjiouhjIO cnopa3yi« o capaAH>H

ca JXpyujTBOM ruiacTHMapa h ryMapaua H3 3arpe6a, Ha ocHOBy iera je y Hobom CaAy

opraini30BaHO aboahcbho CaBeroBaH>e nocBeheHO ojraHHM noJiHecrpHMa. CaBe-roBaibe

je OAP>xaHO y npocropHjaMa TexHOJiouiKor cpaKyjrreTa 1. h 2. OKTo6pa, y3 yMemhe npeKo

120 3aHHTepecoBaHHX H3 uejie 3eMJi>e, a noA noKpoBwreibCTBOM Haeprarac-XHHC.

/// catiuaHOK xeMUuapa Bojeoduue

CacraHaK he ce oflp>KaTH 1. H 2. jym 1982. roAHHe y Hobom CaAy 3a kojh je H3a6pan

HayMHH h Oprammnnomi oa6op KojH je npHnpeMHO h nocnao I o6aBeuiTCH>e.

/// jyiocAotencKu cu.uuosujyM auamiiuwiKe xejuuje

Kao npaTeha MaHHCpecramija III caBeTOBaaa xe.vuraapa BojBOAHHe, oApwahe ce 1. h

2. jyna 1982. roAHHe III jyrocJioBeHCKH ciiMnoaHjyM aHajnrnwKe xeMHje. OBy MaHH-

(pecrauHjy y Hne YHHje xe.MiijcKHX APyurraBa JyrocjiaBHje opraHH3yje XeMHjcKO ApynrrBO

BojBOAHHe.

VII jyiocAoeencKu Kompec uucuie u upuMeibeue xeMuje

KoHrpec he ce oApwaTH oa 19—24. cerrreM6pa 1983. roAHHe y Hobom CaAy. Hhhuh-

jaTHBHH oA6op je Ha cbom cacrraHKy oa 4. II 1981. roAHHe pa3MaTpao HeonxoAHe npe-

miMHHapHe npnnpeMe, Aani cy npeftno3H 3a cacraB Hayroor h opraHH3auHOHor oAGopa,

Kao h apjthx paAHHX Te.ia KoHrpeca. Y Ha<rrynajyheM nepHOAy Tpe6a na 6yAe totobo

I o5aBeuiTeH>e.

Ha 8. MeljyHapoAHOM cacraHKy npeAceAHHKa xeMiijciarx APyurraBa Kora je oprami30Bajia

Yimja xeiHHjcKHx APJTinaBa JyrocjiaBHje, npHcycTBOBajm cy h npeAceAHHK XeMHjcKor

ApyuiTBa BojBOAHHe, ap <t>epeHii Taji h ana^eMHK ap nayna nyraHOB.

nJIEHAPHH CACTAHUH flPYIDTBA

Y npoTeKJioM nepHOAy opraHH30BaHO je BHUie nneHapmrx cacraHaKa JIpyurrBa Ha KojiiH3

cy npeAaBaH>a Ap>KajiH no3HaTii crpyMH>auH H3 HHocTpaHCTBa, a hcto TaKO je Ha jeAya.

oa TaKBHx ceAKHua KoHCTHTyHcana h HajAwar)a ceKqHja JIpyuiTBa — CeKirnja 3a KaTajioHMj
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PAR nOflPy^CHHUA XHB

riodpyxcHUtfa — 3peihamiH

Iloflpy>KHHua je y 1981. i-oahhh Kao h paHHjitx roAHHa aKTHBHO paAHJia. OapwaHo je

6 npeflaBaita Ha Kojima je yKyirao npncycTBOBao 261 CJiyuiajum.. Ochm Tora, MJiaHonn

rioApy>KHHiie noceTHJiH cy cpa6pHKy Teinixa ..ITpojieTep" h cpaSpiwy JieKOBa .Jyrope-

MeflHja" y 3peH>aHHHy.

OflpwaHa cy cneAeha npe,nanaH>a :

1. JXp MwpjaHa BojHHOBHh: ..OcrauH pe3nqya necnmHAa y xpaiw",

2. Mmiopafl MapmHOB, ahiiji. hh>k. h Mapmo FlyuiKaH, ahiui. hh>k.: „HoBa Aocmr-

Hyha y npoH3BOAH>H MauiHHCKHX Terotxa".

Obo npeAaBaH>e je oaphoho y <pa6pnuH ..FIpoJieTep" y 3peH>aBMHy.

3. npocp. ap AparoMHp BHTopoBiih, nM<t>, Beorpa^: „Hobh xejvuijcKH H3BopH eHeprHje".

4. JKywca Mhkjioui, mr pharm.; „MoflepHH cpapMaueyrcKH npenapaTii".

Obo npeAaBa&e je oap>KaHO y cpaopmiH JieKOBa .JyropeiweAHja" y 3pes>aHHHy.

5. npocp. ap BopHCJiaB ToMHh, Tcxhojtouikii cpaKyjrrer, Hobh Caa: „CyncrnTyuHja

AHsana 6hji>hhm yjtHMa".

6. JIou. ap PaTKO JaHKOB, nM<t>, Beorpafl,: „CTpyKTypa h HaMHH AejioBan>a aHTH-

6HOTHKa".

H3BpuiHH ofl6op rioflpy>KHHue je oapxwo 7 cacraHaKa Ha KojHAia cy yB«< npHcycTBOBajm

CKopo cbh iiJiaHOBii Oa5opa. OaCop ce 6aBHO cbhm 3aflauHjwa 3HaqajHiiM 3a flCJiaTHOcr

h nporpaM paaa noApyHomue. JJenerara Iloflpy>KHHue y XenuijcKOM Apyurray Boj-

BOAHHe h y npeflce^HiuuTBy CXJI cy TaKo^e 6hjih Beoina aKTHBHH.

Ha roflHuiH>oj CKynuiTHHH, oflpHOHoj 11. XII 1981. roflHHe, npHMJbeH je H3BeuiTaj

o pany riojH3y>KHHi;e h aohct miaH pa^a 3a HapeAHH nepHOA- 3a npeAceAHHKa ITofflpy>K-

HHne ca MaHwaToiw oa 1 roAHHe H.TaopaH je ahiiji. hh>k. Ultan Epne, AocaAainn>H ceKpeTap.

y npcreKJioj toahhh KOHCTHTyHcaHa je IToApyjKHHua y Cy6oTHUH. H3a6paH je H3BpuiHH

ofl6op oa 6 MJiaHOBa h npeAceAHHK Tantapa Mapuh, jsxmn. hh>k., npocpecop XTCIII.

riojaqana je h aKTHBHOCT JIpyuiTBa Ha OKynji>aH>y uiaHOBa H3 Bpuiawe peraje, tsko

fla cy CTBOpeHH npeflycnoBH 3a cpopMiipaite noApyHcmiue XJIB y Bpmny. Ha atcm-

BHpaH>y pa^a noApy>KHHU.e H3 Khkhhac HHcy nocTHTHyTH HHKaKBH pesyjrraTH.

PA£ CEKUHJA XHB

y OKBiipy XJIB nociojH 8 ceKinija.

HacuiaaHa cexifuja

3a HJiaHOBe CeKujije AP JlymaH PaH«mh je oApwao npeAaBaibe: „yjiora aohvih y Hayim

o MaTepHja".

npeflceAHHK CeKiinje je ap Poxca Xoacuuu.

CeKtfuja 3a opeancny xe.uujy

y OKBHpy pa^a GeKiwje oflpwaHa cy Tpn njieHapHa npeaaBaaa:

— npocp. up HiiKOJia Mo^ob, npocpecop XeMHjcKO-6HOJionjKor cpaKyjrreTa, anpeKTop

HHCTHTyTa 3a opraHCKy xeMHjy yHHBep3HTeTa „n. XHJieHflapcKH", njioBaire, By-

rapcio;

— npocp. ap JKejiHMHp ripoxacKa, capaflHHK AKafleiwHje Hayna y HHcnrryTj' 3a opraHcicy

xeMHjy h SnoxeMHjy, flpar, ^lexocjioBawa ;

— npocp. ap CTeBaH HBaHOB, npocpecop XeMHjcKO-6HOJiouiKor cpaKyaTera, uiecp Ka-

Teflpe 3a xesmjcKy TexHOJiornjy yHHBep3HTeTa „n. XnjieHAapcKH", Hjiobahb, Ey-

rapcna ;

Kao h ceiwHHap o tcmh: ..AinyejiHH npo6jjeiwH H3 npBMc&eHe xeMHje" ca tph ceKimjcKa

npeflaBan»a:

— hk)k. PaAocnaB HeflHh, „HoBKa6eJi", Hobh Caa,

— hh>k. Oio6oflaH Pennh, „PacpHHepHja HacpTe", Hobh Caa,

— npocp. flp BopHCJiaB ToMHh, „HacpTarac", Hobh CaA.

npeaceAHHK CeKinije "ye -npocp.' ap Hyattm Mu/bKomh. - . '■ ■ •
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CeKtfuja 3a xaiua.m3y

CeKinrja 3a KarajiH3y je KOHCTiiTyncaHa 2. jyna 1981. roAHHe. FLnaHMpaHa cy ABa npe-

WmiiM y oKBirpy nporpa.Ma pa.ia CeKmije, aim cy o6a npentBOM OAJioweHa 36or 3ay-

3ctocth npeflaBana .

Cexuuja 3a aautuiuuky OKtuoutHt cpedune

y oKBHpy paaa CeKintje y 1981 . roflimw Hwcy onpMOBaaa npeAasaiba. Mjibhobh CexuHje

cy aKTKBHo yMecTBOBajiH y paAy aoMahitx h Mel)yHapoAHnx KOHrpeca.

ripeflceAHHK CeKimje je ,ip flyman Mutuxotuh .

Cexuuja 3a MaxpoMo.iexy.ie

MjiaHOBii CeKmije cy noKa3a/iH BejniKy aicrHBHOCT y opraHH30BaH>y CaBeTOBaiba „Oja-

»iaHH noJiHecTpH" y 3ajeAHHUH ca .HpyurreoM njiacTmapa h ry.napaua, opraHH3annjH

crpyore eKCKyp3Hje h opraHH30BaH>y AeBeT npe^asaiba:

— AP BopiicJiaB ToMHh, ..Hadrrarac", Hobh CaA: ..Ehjuihcho crajfee oJieepHHa y hh-

aycrpHjH y CAriB",

— Mp CBeroJiHK HjwjKh, XHHC, Hobh CaA,: „CHHTe3a h oco6hhc aMHHoajiflexji;mnx

CMOJia".

— AHiui. hhhc. ripeapar IlpoTHh h /pom. hh>k. ripeflpar JlyKHh, JITHJI-XHn „rie-

Tpoxe.vuija", IlaHMeBo: „TBpae IIBU. (pop.Myjiaimje, I CTa6iuui3auHja, II Moot-

(pnuauHja",

— up 3opaH IleTpoBHh, HHcnrryT 3a neTpoxeMHjy, T«t>, Hobh CaA, ..IXiracnrffie nene

(uejiyjiapHH MaTepHjajm)",

— SHiui. hsdk. JIapHHKa "ByKaHOBHh, TM<t>, Beorpaa, ..HcniroiBaite Tepnumnc no-

CTojaHocni apHn-cyncTHTyHcaHHX noJuiMCTaKpiLnaTa h nojiHirraKOHaTa" ,

— Dr Joseph Flynn, National Bureau of Standards, BaumHrroH, CAJI, „H3y«taBan>e

jerpaaauHje nojinwepa TepMorpaBHMCTpHjoM",

— Ahilji. moK. EoraaH Panajnh, 4>a6pHKa nojiHecTap-dxwiHja, Bop: „JI,o6njaH>e h oco-

6hhc 6HaKcHjaJiH0 opHjeHTHcaHor <pHJiMa",

— npo<p. AP Cno6oflaH JoBaHOBHh, TM<t>, Beorpaa: „PanKKaJiHa no.iHMepii3ai.uija

BHHHJiHiix MOHOMepa ao BHCOKHX creneHa KOHBep3Hje",

— AP JIparociiaB CroHJbKOBHh, HHCTHTyT 3a neTpoxeMHjy, T<t>, Hobh CaA: ..KHHCiHKa

h MexaHH3aM noJiKMepH3auHje y opraKH30BaHHM CHCTCMKMa MOHOMepa" .

ripeflcejtHHK CeKunje je ap 3opan Ileuipotuh.

Cexuuja 3a ouoxeMujy

Tokom 1981. roAHHe 3a MJiaHOBe CeKUHje je OApxotHO ceflM npeaaBan>a:

— B. JlecxoBau: „yTHcim ca nyra no CaBe3Hoj Peny6jmuH HeMatKoj",

— : „JlHHHja xn6piiAHiix hejiiija HepooViacroMa h niHOMa",

— M. Ciynap: „npHMeHa nna3MHaa y reHCTCKOM im>KeH>epHHry",

— B. JlecKOBau: „EjieKTpon-TpaHcnopTHH chctcm MHKpoaoMa",

— M. CTaHy/ioBHh: „Oa xeMHje cyncraHne ao JieKa",

— J. IlonoBHh: „<t>ap.MaKOKHHeTHKa",

— B. BaHHh: „HeypoTpaHCHMeTpn" ,

— M. Grynap: „T\eJiHja paKa Kao MOAen 3a HcrpaxoiBaibe eBonyuHOHe H3oaJiaHcnpa-

HOCTH jeApa h njrronJia3Me".

IIpeAceAHHK CeKinjje je DjaduMiip Jlecxotau.

Cextfuja 3a anaAuuiuuxy xeMUjy

y nporeKJioM nepnoAy 3a tnaHonc Cemutje 3a aHajnmwKy xeMHjy opraHH30BaHa cy

cieAeha njiCHapHa npe,naBaH>a:

— Ken Martin, Sales Engineer .Joyce-Loebel" (EHrjiecKa): „nporpaM HayvHO-ncrpa-

>KHBa«iKe onpeMe (pnpMe .Joyce-Loebel" ;

— Prof. Laszlo J. Csany, Institute of Inogranic and Analytical Chemistry, Attila Jozsef

University, Szeged, (Mar)apcKa): „PaanaraH>e BOAOHHK-nepoKciiAa KaTaJirooBaHO ca

OsO«;
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— dr Bertil Holmberg, University of Lund (UlBCflcKa): „Tep.\io;uiHaMHKa Ko.MruieK-

c>rpaH>a cpe6po(I)-eKco-aHjoHa y pacronHMa Hin-paTa";

— dr Robert Reeves, JlaoopaTopnja 3a ejieKTpoxeMHjy rpamme (pa3a, MeaoH, (napiu):

„HoBa cxBaTaiba o ABocrpyKOM cnojy".

M.iaHOBH CeKinije cy aimreHO yMecrnoBajiH y paay HayiHux cKynoBa y 3eMJBH h hho-

CTpaHCTBy. Jlp Ferenc Gaal je npBU nyr Kao npe/iCTaBHHK Hauie 3eMJi>e yMecTBOBao y

paay PaflHC rpyne 3a anajurnrtKy xeMHjy <t>eflepamije eBponcianc xenmjcKHX apyiirraBa

y X&ncHHKtrjy.

Cextfuja 3a xtMujy 11 xutxHo.wzujy xpane

Tokom 1981. roAHHe CeKiwja H3 onpaBAamix paijiora HHje aKTHBHO pa#HJia. Hacy op-

ranM30BaHa npeflaBaita h je«MHH bhu aimtBHocTii je 6no noceTa FIpexpaMoeHOM kom-

6HHaTy „TaKOBo" y TopH>eM MtLiaHosuy h 4>a6pHU>t coKOBa h KOHueHTpara „Bhho

>Kyna" y AjieKcaH^poauy .

IlpeflceflHHK CeKLUije je ap Je.ntMup Uly.m.

Cexifuja 3a xtJtujcKo wotetnepcSuo

Tokom 1981. roaHHe pafl CeKinije je 6ho nnTCH3iiBHiijH Hero rrpeTxcuHHx roflima. 3a

MJianoBe CeKujije o/rpmaira cy cneaeha npe/jaDaiba:

— ap TopaH JoBaHOBHh, TM<J>, Beorpaa: „XeMnjcKo-HH>KeH>epcKH acneicr caropeBaiba

yrjba y dwrymrH30BaH0M cjiojy";

— dr Argyryos Spyridonis, HayHHH capaAHHK Ltewrpa 3a HyKJieapHa HCTpax<KBaR>a

„JXeMOKpHTOc", ATHHa, rpwa: „Co:iapna eHeprwja Hcrpa>KHBaH>a h npiiMeHa y

TpiKoj";

— Mp PaTojvurp riayHOBHh, HHCTirryT 3a neTpoxeiwHjy, Hobh Ca«: „ripHAieHa Redlich-

-Kwong je«HaTOHe craita 3a npeacKa3HBaH>e TepMOflHHaMUMioix KapaKTepHcniKa a

cpa3He paBHOTe>Ke npH xeMMjcKOHHH<eH.epcKHM npopawyHHivia cenapauHOHHX onepaintja

11 TpaHcnopTa cpjiynna";

— flp MHpjaHa 'BypHh, HHCTHTyT 3a nerpoxeMHjy, Hobh Cajx: ..JlimeapHo nporpa-

MHpaibe — Teopujci<a ocHOBa h npimeHa y xesuijcKOM HHJKeitepcTBy".

ripeflceflHHK Cei<UHje 3a xeMHjcno HH>KeH>cpcTBO je jsp Muodpae Temth.

BHBJIHOTEKA CXil

EnojiHOTeKa CXH-a HMa 17.482 CBecKe lacoimca. On Tora je npimoBJbeHO y 1981. ro-

Ahhh 269 CBe3aKa. ripimubeHO je 59 HaanoBa CTpamrx wacormca h 17 HaaioBa flOMahmt:

H3 ApreHTHHe 1 HaCJIOB H3 HeMawe ,H.P. 1 HaCJIOB

H3 Bejinije 1 HaCJIOB H3 riaKiicraHa 2 HacjroBa

H3 ByrapcKe 5 HacnoBa 113 IlojbcKe 5 HacnoBa

H3 Tpwe 1 BBCJIOB H3 PyMyHHje 1 HaCJIOB

H3 Em-JiecKc 2 nacjiona Hs CAJX 9 HacnoBa

H3 HHAHje 1 HaCJIOB lis CCCP 6 HacnoBa

H3 JanaHa 9 iiaoioBa H3 <J>HHCKe 1 HaCJIOB

Ha Kirne 1 HaCJIOB H3 <t>paHuycKe 1 HaCJIOB

H3 MarjapcKe 5 HauioBa H3 ^lexocnoBaMKe 5 HacnoBa

H3 MeKciiKa 1 nacjiOB II3 IIlBajuapcKe 1 HaCJIOB

CBera 59 HacnoBa

BH6jiHOTei<a HMa 686 KH>nra. On Tora je y 1981. toahhh npHHOBjbeHO 14 KjbHra. IlocnaTe

cy Konnje M.naHaKa H3 lacoiinca: HucTHTyTy 3a xeMHjy y Hobom Caay 11 MaunmcKOM

(paKyjiTery y KparyjeBuy. IlocnaT je it3ueuiTaj 0 npHHOB/beHHM crpaHHM laconnciiMa

y TOKy 1980. roflHHe JyrocJiOBeHci<o.i 6n6.inorpa(pcKOM HHcnrryTy.

CACTAB H3BOPHHX TEJIA C.X.R.

y npoTeKJioM MaHAaTHOM nepnofly IlpeAceAHHUiTBo, YnpaBHH oflOop h Ha^3opHH ofl6op

CXJX cy camiitanajiH :

— npedcedHuuiiueo: JlparyniH JXpa>KHh — npeaceflHHK, JByoHua BpxoBau — ceKperap,

Act Teoflop, Beju«KOBHh JoBaH, BHTopoBHh Aparo.vuip, ByjaAHHOBHh HeHaa,

ByrypoBHh ^yuiaH, JJecnnh AiieKcannap, JepoTHjeBHh CTeBaH, JoBaHOBith JoBaH,
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MnjbKOBHh AymaH, MnxanjiOBnh Mnxanjio, MahoBHh HBaH, MiiuiKOBiih EopHBoje,

riepnui MHpocnaB, IleTKOBHh "Boplje, PaAomeBHh Mwiopaa, PeKaimh Bjuahmhp,

PiicTOBnh JbyfiHina, Ta-rah-JajfeHh Ctepa h rraBHn ypeflHHim ny&mKunija flpyurrBa:

ApceHHjeBHh CTaHHMHp, Aunh PaaooiaB h PH6HHKap Gno6oAaH.

— Vupasiat od6op: ApceHHjeBHh CTaHHMHp, Act TeoAop, Aunh PaflocnaB, ATaHacocKH

PaaocnaB, Bacrah EopHBoje, Bacrah MtuiaH, SorocaBJbeBHh MnoApar, ByrapcKH

MHnHBoje, Bamaih AHApeja, BajraHA Bhahm, BejiHMKOBHh JoBaH, BecejuiHOBiih

JIparaH, BHr&eBHh Cp6oA»y6, BHflojeBHh Ha.ua, BHTopoBHh JXparoMHp, BojiiHOBifh

MnpjaHa, Bpawap PajKo, BpxoBau. JByoHua, BpBHh MiipocnaB, ByjaAHHOBHh HeHaA,

ByjDiheBHh JBHJbaHa, By^iypoBHh JlymaH, Taji OAra, Taji <t>epeHH, Taumh MnpocJiaB,

TauiKh Onra, Tpyjiih CTojaH, fleAHjep AneKcaHAap, .UHMHTpHjeBHh HHKOAa, Jlpst-

raHHh HBaH, Apaxoih JlparyTHH, "Bopl)eBnh Cnacoje, "Bypnh HeAOMHp, "BypKOBHh

Oats, Hjinh BojncJiaB, JaHKOB Pawo, Jamah MaoApar, JaH>Hh ToMHcnaB, JahoBHh

Mnxauno, JoBanoBnK JXaHKa, JoBaHOBHh JoBaH, JoBaHOBHh Manyum, JoBaHOBHh

Momhp, JoBaHOBHh PaflMH^a, JoBaHOBHh Mmuija, JaHahKOBHh ToMa, JoBenih Mom-

ibio, KoHCTaHTHHOBHh CTaHHMHp, KocaHHh MnpocjiaB, KpCMaHOBHh BojHH, JleKO

MapKO, JleKO MiuiaH, JIopeHU, JBy6HHKa, JByuiTHHa Mhaoui, MajflaHau JbHJMHa,

MapKyui AflaM, Mmoijejb BojHH, MnjiocaBJbeBHh Emhji, MnjiocaBJteBHh Mmmua,

MniiocaBJMBnh CBeTJiaHa, MiinocaBJbeBHh CnoobflaH, MHjiopaAOBnh Mhjuih, Mhjio-

BaHOBHh JoBaH, MwiyTHHOBHh Hhkojib, MuMHua AKre, MubKOBHh AyuiaH, Mr-

TpoBHh MHJiaH, MHHHh JlyuiaH, Mhou YGaBKa, MnhoBHh HBaH, MyK Aypopa,

MyniKaTHpoBHh MmiaH, MhibkobhH BopHBoje, MnuiKOBKh Ha^OKfla, Heuinh

OiaBKO, HnKeroh CBeT03ap, HHKOAHh BpaHHCJiaB, HHKOJiHh Bepa, HHKOJiHh To-

MHCJiaB, HaBJioBHh Boihko, HaBJioBHh Bjisahmhp, Flacrop Tnoop, IlejoBHh Bjia-

Ahmhp, nepraji MnpocnaB, IleTKOBHh "Boplje, neTpoBHh JJyuiaHKa, nerpoBnh

3opaH, neTpoBHh CiioooflaH, njiaBumh Mhachko, floAeTH AejaH, JTIonoB Koh-

CTaHTHH, IIonoBHh 3bohhmhp, ncpem IleTap, Pa6peH0BHh Mnjia, PaAouieBiih

Mnnopafl, PaKoieBHh MHAoje, PeKaAHh BjiaflHMHp, PHCTOBHh JBy&niia, Ph6hhk8p

CnoooflaH, PhcthK Momwao, PHcrah CnoooAaH, PoryjMh Mnjieaa, Cnajia HejaH,

CMHJtaHa<H CMHJBaHa, CreipaHOBiih JoBaH, CTecpaHOBHh Mhjijthh, CTeBHh CmhajKB,

CTojHJbKOBHh AraeKcaHApa, Groj KOBHh AapHHKa, Taanh >KnBopaA, Ta™h-JaH>Hh

03pa, TeHU-nonoBHh MupjaHa, ToAHh AnencaHAap, ToMHh EopHcnaB, ToMHh

J^paraH, TeuHJia3Hh Mapaja, "Rejian Mhjichko, Booth Mitna, YcKOKOBHh J^pa-

rojby6, <I>HJiHnoBHh JoBaHKa, XajiauiH PoHta, IJLoiGih AHMHTpHje, Illanep PanoMHp,

Illena JIapKo, UlKyHApnh nerap, Illojiaja BorAaH, IUypjaHOBHh MmieHa, Illhena-

HOBHh Bepa, Illyjiu JJenHMHp.

J/IpeMa CTaTyry CXJI, qjiaHOBH YnpaBHor ofl6opa cy no cBojoj cbyHKiuijH h npeaceAHHUH

noflpywHima h ceKunja flpyuiTBa, Kao h nonacHH *jjianoBH CXJJt-

npedcedmufu uodpyoKHuya: ABpaMOBHh ^CHBaAHH — BpaH>e, TyTMaH HBaH — Kpa-

ryjeBaii, "Byraih CnaBOJby6 — KpajbeBo, KocrHh Cbctojuik — JlecKOBau, npeMOBHh

HaBJie — Hhlu, CraHKOBHh 3bohko — Bop, MHJiouieBHh TpaAHMHp — KpyuieBau,

HeujoBHh JJparojjie — Thtobo y»<Hqe.

npedcedttutfu caafuja: BajraHA *Bypl)Hua, JoBaHOBHh Oio6oAaH, MnxannoBKh Jlparima,

JtopocjioBaiKH HBaH, KocrHh-rB03AeHOBHh JBHJbaHa, MnjoBHh BacanHje, ByKaHOBHh

J^aMjaHa, BHTopoBHh Onra, HenoBHh ^(HBopaA, TypMHh MnpocnaB, Mounih Ajien-

caHAap, BenHHeo AneKcaHAap, ByKOBHh JIparojby6.

IIoHacHu HAOHoeu: JJecnnh AjieKcaimap, JJ^aaap 3«eHKo, JXparojeBHh MnnocaB, Jepo-

THjeBHh CTeBaH, KoHMap-"Byp^eBHh CnoSoflaH, JleKO AneKcaHAap, MHxamioBHh Mh-

xaHJio, najeBHh MnnaH, PaAocaBJteBHh CnoSoAaH, CaBHh naBJie, CTecpaHOBHh "Bop^e,

TpnHHau naBAe, HaHHh BeAHMHp, Illena JoBan.

Had3op?iu oddop cy camnbaBaAH: JoKCHMOBHh-TjanKHH Cno6oAaHKa — npeAceAHHK,

AHApejeBHh B;iaAHMHp, BacoBHh flyinaH, MHAeHKOBHh BojHH.
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FERMENTATION OF ANDROSTANE 2,3-EPOXIDES BY Helicostylum

piriforme AND BY Curvularia clavata Jain1

RATKO M. JANKOV, VUKlC SOSKlC and MILUTIN STEFANOVId

Institute of Chemistry, Faculty of Science, Belgrade University, P.O.Box 550, YU-11001 Belgrade,
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Two configurational isomers of the androstane epoxides : 2a,3a-epoxy-5a-an-

drostan-17-one (I) and 2|3,3(3-epoxy-5a-androstan-17-one (IT) were subjected to

microbiological hydroxylation using the microorganisms Helicostylum piriforme and

Curvularia clavata Jain. H. piriforme effected hydroxylation of the 2a,3a-epoxide

in the 7a-position although under the same conditions the 2(3,3{3-epoxide was not

hydroxylated. The hydroxylation of both epoxides was more efficient with C. clavata :

several products with hydroxyl groups in position 9a-, 14a-, and 1 6a- were isolated and

identified. Most of the isolated substances have not been previously described.

As part of our continuing interest in the enzymatic hydroxylation of steroids

we were interested in examining the effects of structure on the acceptability of

steroidal substrates to the two microorganisms Helicostylum piriforme (CBS 48069)

and Curvularia clavata Jain (Family Dematiaceae). These two microorganisms are

known the hydroxylate steroids of the androstane series2-3 and in this paper we

describe our results using the isomeric 2a, 3a-4, and 2(3, 3(3-epoxy-5a-androstan-

-17-one5. These substances were chosen in order to ascertain whether the epoxide

ring is a good „binding point" of the steroid to the enzyme (cf. the hydroxyl and

keto functions which have been used in earlier studies).
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FERMENTATION OF 2a,3a-EPOXY-5oc-ANDROSTAN-17-ONE (I)

The fermentation of the substrate (I) by Helicostylwn piriforme gave a mixture

of several hydroxylation products. Two substances have been isolated by column

chromatography on silica-gel, and identified as (III) and (IV) (see Fig. 1).

0 

Fig. 1. Substances obtained by the enzymatic transformation of 2a,3a-epoxy-

-5a-androstan-l 7-one (I). Microorganism: H. piriforme

Feeding the epoxysteroid (I) to Curvularia clavata (Jain) resulted in the

production of a multicomponent mixture. From the mixture one non-steroidal

substance, and three steroidal hydroxylation products have been isolated and

identified: (V), (VI), (VII) and (VIII) (see Fig. 2).

Transformation by H. piriforme

The least polar substance isolated by column chromatography was the starting

material (I).

The next product obtained by elution was (III), isolated in 6.3% yield.

Various spectral data, given in the Experimental, led to the conclusion that the

product (III) was 2a,3oc-epoxy-7a-hydroxy-5a-androstan-l 7-one. Its IR spectrum

showed the presence of a hydroxyl group, having a peak at 3440 cm-1. From the

NMR it was possible to conclude that the epoxy ring was still present in the mol

ecule, having a characteristic two proton multiplet at (S) 3.1. A multiplet at (8) 4.0

was assigned to the proton geminal to a hydroxyl group (secondary alcohol). The

calculated positions of signals for angular methyl groups (Table I) supports the

presence of a 7oc-hydroxyl group.
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Fig. 2. Substances produced by enzymatic transformation of 2a,3a-epoxy-

-5a-androstan-17-one (I). Microorganism: C. clavata Jain.

This conclusion was corroborated by the data obtained from the mass spec

trum of the substance (III), whose molecular ion appeared at me 304. The latter

value suggested the molecular formula C19H28O3, which was verified by the result

of an elemental analysis. The substance 2a,3a-epoxy-7oc-hydroxy-5a-androstan-

-17-one (iii) has not been previously described in the literature.

The next product, which was eluted from the column in 3.7% yield was

assigned structure (IV). The IR spectrum showed the presence of a broad band

at 3400 for the hydroxyl group and the carbonyl band present in the starting sub

strate (II) was no longer present. NMR confirmed that the epoxide was still intact

and the two protons geminal to the two hydroxyl groups (S 4.50) support the ex

istence of two secondary alcohol functions. The calculated values for the chemical

shifts for angular methyl groups (Table I) indicated that the locations of the hydroxyl

groups are positions 7 and 17, the latter being formed by the microbial reduction

of the 17-ketone. These observations are further supported by the mass spectrum

of (IV) (M+ 306 amu corresponding to a molecular formula of C19H30O3). The

substance IV has not previously been described.
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Transformation by C. clavata Jain

The enzymatic transformation of the substrate (I) performed by C. clavata

Jain gave rise to a series of four products: (V), (VI), (VII) and (VIII) (see Fig. 2).

The product (V) 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.

All other products of this transformation were obtained by column chro

matography. The first product eluted from the column was the substance (VI),

isolated in 0.5% yield. The IR spectrum of the substance shows the presence of

a broad and intense band for a hydroxyl group at 3540 cm-1, and two bands at

1760 and 1720 cm-1 for carbonyl groups in five membered and six membered

rings respectively. NMR exhibits the presence of two protons (above) in an epoxy

ring, but there are no protons geminal to the hydroxyl groups, indicating that

a tertiary alcohol is present. All these spectral data, as well as data provided by

chemical shifts for angular methyl groups in the NMR (see Table I) led to the for

mulation of an hydroxylation product: 2<x,3a-epoxy-5a-androstane-7,17-dion-14-ol

(VI).

The second product obtained, in 3.5% yield, was substance (VII), whose

spectral and other data pointed to the2a, 3a-epoxy-5a-androstane-9a,l 6a-diol-l 7-one,

as being the product. The IR spectrum showed the presence of a broad hydroxyl

band at 3440 cm-1 and a ring D keto band at 1750 cm-1. The NMR spectrum

exhibits the presence of the epoxy ring, as well as the presence of two signals at

4.48 and 4.32, one being from an OH proton, and the other from the proton adjacent

to the hydroxyl group. The molecular ion M+ at m/e 320, pointed to the molecular

formula: Q9H28O4, which is in accordance with the microanalysis. The acetylation

of (VII) gave the corresponding monoacetate: 16a-acetoxy-2a,3a-epoxy-5a-andro-

stan-9a-ol-l 7-one (IX). The spectrum of the monoacetate (IX) still exhibits the

presence of a hydroxyl group. NMR showed the 3 proton acetyl singlet at 2.12

and the proton absorption at 4.48 had disappeared. The signal at 4.32 was shifted,

after acetylation, to 85.21. The molecular ion in the mass spectrum was at m/e

362. None of the substances (VII) and (IX) have been previously described.

The next product isolated was (VIII), eluted in 3.3% yield. All data indi

cated the existence of two newly introduced hydroxyl groups in the molecule,

and pointed to the formula: 2a,3a-epoxy-5a-androstane-9«,14a,17(3-triol (VIII).

All spectral data indicated the existence of three hydroxyl groups, two being tertiary

and the third being obtained by microbial reduction of the 17-keto group. The

mass spectrum and microanalysis agree with the formula O9H38O4, and the po

sitions of two newly introduced hydroxyl groups were calculated from the positions

of angular methyl groups in the NMR spectrum of the acetate (Table I). Upon

acetylation this substrate gave the corresponding monoacetate: 17(3-acetoxy-2a,3a-

-epoxy-5a-androstane-9a,14a-diol (X). Compounds (VIII) and (X) have not been

previously described.

FERMENTATION OF 2p,3(3-EPOXY-5a-ANDROSTAN-17-ONE (II)

The stereoisomeric 2% 3p-epoxide (II) was submitted to the microbial trans

formation with the same strain of microorganisms H. piriforme and C. clavata



TABLEI.Thepositionsofprotonsignalsfromangularmethylgroupsofsteroidalsubstancesobtainedbymicrobialtransformation

of2a,3a-epoxy-5a-androstan-17-one(I).ThepositionsaregiveninHzfora60MHzapparatus8,7.

C-18

41.5 -0.5
//0.0 7.0 ////5.0 53.0 53.5

X

C-19

47.5 -1.0 //
8.5 0.0 ////

0.0 55.0 53.5

C-18

41.5 -0.5
//0.0//1.0 10.0 // 52.0 49.0

IX

C-19

47.5 -1.0 //8.5
//1.0 1.0 // 57.0 56.5

C-18

41.5 -0.5 //0.0 /0.0
/

10.0 // 51.0 48.0

VII

C-19

47.5 -1.0 //8.5 /

-1.0

/
1.0 // 55.0 56.0

C-18

41.5 -0.5 /0.5
/

7.0
y/

10.0 //
58.5 56.0

VI

C-19

47.5 -1.0 /
16.5
/

0.0 //1.0 // 64.0 63.0

C-18

41.5 -0.5 0.5
//////

2.0 / 43.5 43.0

IV

C-19

47.5 -1.0 -0.5
//////

0.0 / 46.0 47.0

C-18

41.5 -0.5 0.5
/////

10.0 // 51.5 49.0

III

C-19

47.5 -1.0 -0.5
11111

1.0
11 47.0 46.0

Substance

5a,l4a-androstane

2a,3a-epoxy

7a-OH 7-keto 9a-OH
14a-OH 16a-OH

16a-OAc

17-keto 17JJ-OH
170-OAc

Calculated:

Found:
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Jain. All the products isolated and identified are presented in Figs 3 and 4. The

isolation and separation procedures applied, and identifications of the substances

obtained were essentially as above, for the 2<x,3a-epoxy isomer (I).

o
 

Fig. 3. Transformation by H. piriforme

The least polar substance eluted was the starting epoxide (II) (21 % recovery).

The next isolated product was (XI), obtained in 7.4% yield. From the spectral

and other data it was obvious that we have obtained a vicinal diol with no epoxy

group in the molecule. The spectral data, as well as the data from Table II (values

for chemical shifts for methyl groups in NMR), suggested the structure for (XI):

5a-androstane-2a, 3|3-diol-17-one.

Further elution afforded (XII), in 23.7% yield. All spectral data indicated

(XII) being the other diol isomer: 5a-androstane-2p,3a-diol-17-one. Acetylation

of (XII) gave the corresponding diacetate: 5a-androstane-2(3,3a-diacetoxy-17-one

(XIII) .

TABLE II. Position., of proton signals from angular methyl groups of steroidal substances obtained

by microbial transformation of 2|3,3|3-epoxy-5a-androstan-17-one (II). The positions are given

in Hz for a 60 MHz apparatus6,7.

Substance XI XII XIII XV

C-19 C-18 C-19 C-18 C-19 C-18 C-19 C-18

5<x,14a-andostane 47.5 41.5 47.5 41.5 47.5 41.5 47.5 41.5

20-OH 15.0 0.3 15.0 0.5 / / / /
2oc-OAc / / / / / 1 5.0 1.0

20-OAc / / / / 9.0 0.0 / /
3a-OH / / 0.0 0.5 / 1 '

3P-OH 2.0 0.5 / 1 / 1 / /

3a-OAc / / / 1 1.5 1.0 / /
30-OAc / / / ! / / 3,0 o.s

14a-OH / / / 1 / / 0.0 7.0

17-keto 1.0 10.0 1.0 10.0 1.0 10.0 1.0 10.0

Calculated : 65.5 52.5 63.5 52.5 59.0 52.5 56.5 60.0

Found: 62.5 51.5 63.5 52.5 56.5 51.0 58.0 59.5
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Transformation by C. clavata Jain

On submission to the microbial transformation by C. clavata, 2(3, 3|3-epoxide (II)

gave a mixture of products. From the crude extract, by crystallization, it was possible

to isolate the same non-steroidal substance (V), as in the fermentation of 2a, 3a-

-epoxide (I) (see Fig. 2).

Chromatography of the mother liquor, after crystallization of (V), afforded

just one product in the pure form and quantity which was sufficient for structural

elucidation. It was 5a-androstan-17-one-2a,3(3,14a-triol(XIV) in 2.51% yield.There

is a broad band in the IR spectrum of this substance, with the absorption for car-

bonyl group at 1740 cm-1. The NMR spectrum was recorded in DeDMSO, and

showed that the epoxy ring was opened, giving secondary hydroxyl groups. M+ in

the mass spectrum at mje 322 pointed to the existence of a third, tertiary hydroxyl

group, which corresponds to the molecular formula of C18H30O4. The acetylation

of (XJV) gave the corresponding diacetate: 2a,3|3-diacetoxy-5a-androstane-14a-ol-

-17-one (XV). The spectral data of the acetate, as well as the data from Table II

for chemical shifts for the methyl groups in the NMR spectrum, suggested that

the structures of these substances were (XIV) and (XV), neither of which are

known compounds.

a 

SUBSTANCE (V)

0 0
 

Fig. 4. Substances obtained by the enzymatic transformation of 2(3,3(3-epoxy-

2{i,3|3-epoxy-5a-androstan-17-one(H). Microorganism: C. clavata Jain.

The results we obtained in this work show that both 2,3-epoxide isomers were

susceptible to the microbial transformation by both H. piriforme and C. clavata

Jain. Certain differences exist between a- and (3-isomers. H. piriforme was able

to hydroxylate 2a, 3a-epoxide in the 7a-position, without the opening of an epoxide

ring. Transformation of the 2(3, 3|3-epoxide with the same microorganism gave

only the vicinal diol, originating from the epoxide. The process of the epoxide

ring opening of steroidal epoxide during microbial transformation is known8.

This process is not the result of the action of steroidhydroxylases, but of some

other enzyme system.
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C. clavata was more efficient in the hydroxylation of the steroid 2a, 3a-

-epoxide (I) in different positions: 7a-, 9a-, 14a- and 16a- (products VI, VII, VIII

and XIV), whereas the transformation of the 2(3, 3J3-epoxide resulted in an opening

of the epoxide ring (XI and XII), followed by hydroxylation (XIII).

All the results of hydroxylation could possibly be explained as follows:

The epoxide oxygen is, in general, sufficient for fixing the steroid molecule

to the enzyme surface in the same way as the hydroxy- or keto-groups in C—2

or C—3 positions.

The a or 3 orientation of epoxides affected the result of hydroxylation. The

2a,3a-epoxide was much more susceptible to the hydroxylation.

It could be concluded that the hydroxylases from both microorganisms have

similar steric requirements for substrate, so that the steroid can attach to the enzyme

surface only by its a side. If this assumption is correct, the hydroxylation of 23, 3|3-

-epoxide followed by the previous opening of the epoxide ring is the most probable

route for the formation of (XIV).

EXPERIMENTAL

Melting points (uncorrected) were taken on a Btichi melting point apparatus. Infrared

spectra were recorded (in KBr pellets) on a Perkin-Elmer spectrophotometer Model 337. NMR

spectra were determined with a Varian A-60. using CDCU (unless stated otherwise) as solvent,

with TMS as internal standard. Mass spectra were recorded on a Varian-MAT CH-5. Optical

rotations were determined in 1% solution, on Perkin-Elmer Model 141 MC. Form microbial

fermentation a New Brunswick Scientific Co. Inc. Model FS-607 fermentor was used, provided

with six contatiners, each having a useful volume of 3 liters.

Fermentation conditions and separation procedures applied here are described in some

previous publications*''.

Fermentation of 2a.s3a.-epoxy-5<x-androstan-17-one by H. piriforme

The enzymatic conversion of 1.9 g of 2<x,3a-epoxy-5oc-androstan-17-one preceeded during

24 h and gave 1.3 g of a crude product. The extract was chromatographed on 60 g of silica gel

(Merck, 0.05—0.2 mm). The column was packed in benzene, and then eluted first with benzene,

and subsequently the mixtures of benzene and ether, the percentage of the latter being increased

up to 40%.

Elution with 5% ether in benzene gave 250 mg of unreacted starting material 2ot,3a-epoxy-

-5<x-androstan-17-one (I). The m.p. of the recovered material was 127°C, and IR spectrum was

identical with the spectrum of an authentic sample.

By further elution 120 mg of 2a,3a-epoxy-5<x-androstan-7ot-ol-17-one (III) was isolated.

Rectystalization from ethyl acetate gave a sample with a m.p. 230°. IR vmax: 3440, 1720 cm-1.

NMR ppm (S): 0.78 3H s (C-19), 0.84 3H s (C-18), 3.10 2H m (broad, with the base 15 Hz

for 20 protons), and 4.7 1H (C-70 proton). Mass spectrum: M+ at m/e 304 (30%), and other

typical ions at m\e 286 (15%), 271 (12%), 176 (33%), 139 (13%), 1 19 (12%) and 70 (85%). Anal.

Calcd. for CidHm08: C, 74.96; K, 9.27. Found : C, 74.06; H, 9.03.

Next substance obtained by further elution with an ether- benzene mixture was 2a, 3a-

-epoxy-5a-androstane-7a,170-diol (IV) in 70 mg yield. Recrystallization from propyl ether a pure

sample was obtained with m.p. 120-121°C. IR v™*: 3400 cm-1. NMR ppm (8): 0.85 3H s

(C-18), 0.81 3H s (C-19), 5.13 2H m (with the base 10 Hz for 20 and 30 protons), and 4.55

2H m (broad, with base for 40 Hz 70 and 170 protons).

Mass spectrum: M+ at m/e 306 (7%), the base peak at m\e 43 (100%), and other typical ions at

m/e 288 (10%), 273 (3%), 277 (3%), 176 (4%), 149 (7%). Anal. Calcd. for CioHmOs: C, 74.47;

H, 9.87. Found: C, 72. 07; H, 9.86.
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Further elution gave no more substances in sufficient quantity or state of purity to be

identified by chemical or instrumental methods. The smaller amount of crystals representing

mixtures in a total yield of 520 mg was obtained.

Fermentation of 2tx,3y.-epoxy-5a.-androstan-17-one by C. clavata

Transformation was carried out with 3.6 g of 2<x,3a-epoxy-5a-androstan-17-one. After

the transformation was completed, the extraction gave 6.16 g of a crude mixture. The dissolving

of the mixture in EtOAc, and recrystallization gave 350 mg of unidentified non-steroidal sub

stance (V). The mother liquor was chromatographed by column chromatography on silica gel

(180 g) (Merck, 0.05—0.2 mm) in benzene. The elution was with benzene a subsequently, the

mixtures of benzene and ether, the percentage of the latter being increased up to 40%, and, finally

with a gradient of methanol in benzene up to 20%).

As the least polar 2a,3a-epoxy-5ot-androstan-14a-ol-7,17-dione (VI). Recrystallization

from EtOAc/hexane afforded 16.5 mg of pure, crystalline compound with m.p. 219— 220°C.

rRvrnw: 3550, 1760, 1720 cm"». NMR ppm (8): 0.93 3Hs(C-18), 1.06 3Hs(C-19), 2.80 lHs

(15(3 proton), 3.22 2H m (two protons above epoxide ring). Mass spectrum: M+ at m/e 318 (1%),

and other typical ions at m\e 304(87%), 286(90%), 170(80%), 145 (85%). Anal, calcd. for CibHmO«:

C, 71.67; H, 8.23. Found: 0,72.49; H, 8.1.

Further elution gave 2a,3a-epoxy-5a-androstan-9a,16a-diol-7-one (VI). Recrystallization

of this substance from EtOAc/hexane gave 170 mg of pure, crystalline compound m.p. 228— 230°,

[<x]g=+63 (1.13 in MeOH). IR Vo.,; 344H, 1750 cm"1. NMR ppm (8): 0.78 3H s (C-18),

0.93 3H s (C-19), 3.20 2H m (above epoxy ring), 4.31 1H m, 4.48 1H s. Mass spectrum: M+

at m\e 320(48%), and ther typical ions at m/e 302(80%), 287 (75%\ 211 (70%) 13 (87%). Anal,

calcd. for CisHsgCU: C, 71.22; H, 8.81. Found: C, 71.61 ; H, 8.54.

Acetylation of (VII) in pyridine with AC2O gave corresponding 16a-acetate (IX). It was

recrystalized from acetone having m.p. 249-251°. IR vnu*: 3580, 1750 cm"1. NMR ppm (8):

0.82 3H s(C-18), 0.94 3H s (C-19), 2.11 3H s (acetate), 3.16 2H broad (above epoxy ring),

5.20 1H m (16(3 proton). Mass spectrum: M+ at m/e 362 (relative abundance 18%), and other

typical ions at m/e 302 (100%). 287 (90%), 215 (35%), 149 (60%;, 105 (85%).

As the most polar substance obtained by further elution was 2a,3a-epoxy-5a-androstane-9a,

14a,17(3-triol (VIII). Recrystallization from EtOAc gave 135 mg of pure compound with m.p.

254- 255°, [a]*°= + 12° (,0.956, MeOH). IR vm„.: 3470 and 4320 cm"1. NMR ppm (8): 0.72

3H s (C-18), 0.82 3H s (C-19), 3.03 2H s (broad, protons above epoxide), 4.22 1H m (17a

proton), 5.04 1H s (from OH), 5.17 (proton from-OH). Mass spectrum: M+ at m\e 322 (1%),

and other typical ions at m/e 304 (82% ,,286 (90%), 1 18 (93%), 103 (93%). Anal, calcd. for CibH3o04 :

C, 70.77; H, 9.38. Found: C, 70.90; H, 9.66.

Acetylation of v.VIII) with AC2O in pyridine gave the corresponding 17^-acetate (X.). Re

crystallization from EtOAc/hexane gave the sample with m.p. 170—172°. IR vmax: 3480 and

1740 cm-1. NMR ppm (8): 0.89 6H s (C-18 and C- 19), 2.07 3H s (acetate), 3.15 2H s (broad,

protons above epoxide), 5.15 1H m (17a proton). Mass spectrum: M+ at m/e 364 (1 %), and other

typical ions at m/e 346 (68%), 318 (223), 304 (35%), 286 (70%), 268 (60%).

Fermentation of 2$^$-epoxy-5a-androstan-17-one by H. piriforme

Microbial transformation was carried out in the same way as a-epoxide. 1.9 g of 2(3,3(3-

-epoxide-5a-andiostan-17-one was submitted to the microbial transformation. After the transforma

tion, the extraction gave 1 .3 g of crude mixture. Chromatography was on 60 g of silica gel (Merck,

0.05-0.2 mm).

The least polar, and the first obtained by the chromatography was the statting substrate.

Recrystallization from EtOAc gave 400 mg of pure crystals, m.p. 114—116°, whose IR spectrum

was identical with the spectrum of 2|3,3|3-epoxy-5a-androstan-17-one (II).

Further elution gave 5a-androstane-2a,3|3-diol-17-one (XI). After recrystallization from

EtOAc 140 mg of puie compound was obtained, with the m.p. 232—234°. IR Vm»*: 2440 and

1740 cm-'. NMR ppm (8): 0.88 3H s (C-18), 1.03 3H s (C-19), 3.75 2H d (7a 10 Hz) for

protons 2(3 and 3a. Mass spectrum: M+ a+ m/e 306 (100%), with other typical ions at mme 291

(10%), 288(10%). 273(12%), 270(8%), 262(20%), 249(8%), 232(23%). Anal, calcd. for Ci.HsoOs:

74.47; H, 9.87. Found: C, 73.71: H, 10.07.
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Next substrance obtained by further clution was 5a-androstane-2JJ,3a-diol-17-one (XII).

Recrvstallization from EtOAc gave 450 mg of pure crystalline compound having m.p. 241 — 243".

IR vm»x: 3520, 3460, 1540 and 1040 cm"1. NMR ppm (8;: 0.85 3H s (C - 18/; 1.02 3H s (C-19),

3.87 2H (protons from 2a and 3[3 positions). Mass spectrum M+ at m/e 306 (100%), and other

typical ions at m;e 291 (9%„ 288 (6%), 264(14%), 147(12%;, 121(15%). Anal, calcd. for C19H30O3:

C, 74.47; H, 9.87. Found: C, 74.59; H, 9.68.

Acetylation of (XII) with AcsO in pyridine gave the corresponding diacetate: 5a-androstan-

-l7-one-2|3,3a-diacetate(XIII), having m.p. 158°. IRv„,»x: 1740, 1760 and 1230 cm-1. NMR ppm

(8): 0.83 3H s (C-18), 0.92 3H s (C-19), 1.99 3H s (acetate), 2.02 3H s (acetate), 4.83 2H s

(for two equatorial protons from 2a and 3(3. Mass spectrum: M+ at m/e 396, and other typical

ions at m/e 330 (18%), 288 (100%), 270 (30%), 166 (30%), 165 (28%).

Fermentation of 2$,3$-epoxy-5ot.-androsian-l7-one by C. clavata

The transformation was carried out with 3.6 g of 2,3,3(3-epoxy-5a-androstan-17-one(II).

After the transformation was completed, the extraction gave 5.03 g of a crude mixture. Crystalliza

tion from EtOAc gave 65 mg of the crystalline product whose spectra were identical with the

spectra of unidentified non steroidal substrance (V), obtained in transformation of 2a, 3a-epoxide

(I) by C. clavata Jain.

The mother liquor was chromatographed on silica gel (150 g, Merck, 0.05 — 0.2 nun),

as previously described. The first and the only substance which was isolated in sufficient quantity

for estimating the structure was 5a-androstane-2a,3(3,14a-triol-17-one (XIV). Recrystallization

from acetone gave 121 g of a crystalline product m.p. 256 — 258'. IR vmlI: 3440, 1740 cm-1.

NMR ppm (8) - recorded in DMSO-d: 0.84 3H s (C-18), 0.92 3H s (C-19), and 3.55, 4.05

and 4.28. Mass spectrum: M+ at m/e 322 (90%), and 307 (100%). Anal, calcd. for Ci»H3o04:

C, 70.77; H, 9.38. Found: C, 70.01; H, 9.15.

Acetylation of (XIV) in pyridine with AC2O gave corresponding 2a, 3 !i-diacetate (XV)>

which, after recrvstallization from acetone, had m.p. 224-225°C. IR vmaX: 3490, 1760, 1720,

1 240 cm-1. NMR ppm (8) : 0.97 3 H s (C- 1 9), 1 .00 3 H s (C - 18), 2.06 3 H s (acetates), 2.09 3 H s

(acetate) 4.90 2H broad (protons geminal to acetatei). Mass spectrum: M+ at m/e 406 (50%),

and ther ions at m/e 346 (90%), 304 (80%), 286 (85%), 271 (82%), 232 (80%), 213 (80%). Anal,

calcd. for C23H3406: C, 67.95; H, 8.43. Found: C, 66.70; H, 8.21.

H 3 B O a

MHKPOEHOJIOIHKA TPAHC4>OPMAUHJA CTEPOHJIA. VIII. <t>EPMEHTAUHJA

2,3-EnOKCHAHnPOCTAHA HOMCRY Helicostylum piriforme h nOMOTiy Curvularia

calvata Jain

PATKO M. JAHKOB, BYKHTi UIOniKHTi h MHJIYTHH CTE*AHOBHTi

XeMiijcKu UHcmuiuyiu, TIpupodHo- MauieMauiuuKU $aKyMueiu Vuueepsuiueuia y Eeoipaby, u. up.

550, 11001 Eeo!pad,u Muctuuiuyiu 3a xcmjy, iuexHOAOiujy u jneuia.iypeujy, Eeoipad

JlBa KOH<J>itrypaunoHO H30MepHa enoKcn.ua annpocTaHa, h to: 2a, 3a-enoKCH-5a-anapoeraH-

-17-oh (I) h 2p,33-enoKCH-5a-aHflDOCTaH-17-OH (II) 6hjih cy no/tBpnryTH MHKpo6HOJioun<oj

TpaHctpopMauHjii. IIpH TOMe cy ynoTpeoJbeHa flBa coja MHKpoopraHH3ajwa : H. piriforme h C. cla

vata Jain. H. piriforme H3Bpunio je XHapoKcnjioBaae 2a, 3a-enoKCHfla y noJIOHcajy 7a, aok,

no« jeflHaKHM eKcnepHMeirraJiHHM ycnoBn.wa, 2p,3(3-enoKcan HHje 6ho XHflpoKCHJioBaH. Xnapo-

KcwioBaifee 06a enoKCHfla 6hjio je \moro ycneuiHHje noiwohy coja C. clavata. H3OJi0BaH0 je He-

kojihko npoH3BOfla y Kojima je yBeiteHa XHflpoKCHJiHa rpyna y nojiowcaje 9a h 16a h, Ha

ocHoay cneKTpajiHHX noflaTarca, yTBpbeHa je crpyKTypa aooHjemix npoii3Bo.ua. Behmta H30.no-

BaBJix cyncraHUH no caaa roije onucana y jnrrepaTypH.

(npiiMJbeno 16. MapTa 1982)
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The synthejis of some N-tosyldipeptide methyl esters containing tryptophan,

glycine, valine, alanine, leucine, 2-aminobutyric acid and 3,4-dihydroxyphenylalanin

(I—XIII) has been achieved employing the carbodiimide methoa. Treatment of the

dipeptide methyl esters with methanol saturated with ammonia gave the corresponding

amides (XIV—XVIII). Hydrazinolysis of the esters in ethanol afforded the dipeptide

hydrazides(XIX-XXII).N-Tosyltripeptide methyl esters (XXIII-XXIX) were

prepared via the azide method. The tetrapeptides N-Tos-Gly-(Gly)s-L-Try-OMe

(XXXII) and N-Tos-L-Try(Gly)»-Gly-OMe (XXXIII) were synthesized via the

DCC method. A study of the copper(II) complexes of these peptides confirm that the

amide and hydrazide groups of the dipeptide amides and dipeptide hydrazioes par

ticipate in the formation of their copper(II) complexes.

Tryptophan in addition to its presence in plant and animal proteins, occurs

in several peptide hormones such as ACTH, a- and (J-MSH, and glucagon; in

peptide antibiotics, e. g. tyrocidin B; and in an interesting structural arrange

ment, phalloidin1.

In our previous communications2-4, the effect of the side chain amino group

in peptides containing lysine, ornithine and p,Y-diaminobutyric acid on the for

mation of copper complexes had been studied spectrophotometrically. Since the

results obtained showed abnormal properties, we have reported some protected

peptides (I —XXXIII), including di-, tri- and tetrapeptides of L-tryptophan with

different sequences. The copper complexes and the biological activity of the syn

thesized di- to tetrapeptides have been investigated.

Several tryptophyl peptides were synthesized via carbobenzoxy-L-tryptophan

using mixed anhydride, acid chloride, azide or via the carbodiimide method5-7.

Very few tryptophan peptides were prepared by the carbodiimide method using

the N-tosyl-tryptophan residue8.

In the present work the />-tosyl group was chosen for protection of the N-ter-

minal amino acid, due to the fact that the copper (II) complexes of N-tosyl peptides

were similar to that of the unprotected peptides and it did not possess any steric

effect on these complexes2. Moreover, several N-tosyl-peptide derivatives were

reported to possess various biological activities9-11.

* Present address: Chemistry Department, Faculty of Science, Qatar University, P.O.Box

2713, Doha, Qatar.
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N-Tosyl-dipeptide methyl esters (I—XIII) were successively prepared in

moderate yields (45—71%) by the carbodiimide (DCC) method. This method

did not require the prior protection of the side chain groups of tryptophan, serine

snd 3,4-dihydroxyphenylalanine and no side reactions were observed.

Treatment of the dipeptide methyl esters with methanol saturated with

ammonia afforded the desired amides (XIV—XVIII).

Hydrazinolysis of the dipeptide methyl esters (I—XIII) in methanol or

ethanol gave the corresponding hydrazides (XIX—XXII) as crystalline solids

which gave the positive benzidine and silver nitrate reactions.

Synthesis of N-tosyl-tripeptide methyl esters (XXIII—XXIX) was achieved

starting from the hydrazides (XIX—XXII), which were converted into the corre

sponding azides. The azides on coupling with amino acid methyl esters furnished

the tripeptides (XXIII—XXIX) which were isolated, purifieds ands obtained as

pale yellow or brown crystalline compounds with 45—53% yield. N-Tosly-digly-

cylglycine (XXX) was obtained by the reaction of p-tosyl chloride with digly-

cylglycine using 1 mol/dm3 sodium hydroxide at 0°, followed by acidification

with 2 mol/dm3 HC1. The product was TLC-pure and obtained in 60% yield.

The diglycylglycine methyl ester hydrochloride was obtained by esterification of

diglycylglycine with thionyl chloride and methanol at —10°. Treatment of the

hydrochloride (XXXI) with triethylamine in ethyl acetate gave the free methyl

ester in crystalline form.

The protected tetrapeptide (XXXII) was prepared in 60% yield by the

reaction of Tos-Gly-Gly-Gly (XXX) and L-Try-OMeHCl using the DCC

method.

The tetrapeptide (XXXIII) was also prepared in 46% yield from Tos-Try

and HC1 • Gly-Gly-GIy-OM« (XXXI) in an identical manner.

The described reaction paths are summarized in Scheme I.

The IR spectra of all synthesized peptides (I—XXXIII) in KBr showed

bands at: 1650, 1560 and 1360 (amide I, II and III), 1760, 1720 (>C = 0),

3260, 3080 (NH, CONH), and other characteristic bands of />-tosylamino acid

residues, thereby supporting their structures."

The UV spectra of all tryptophan peptides (I —XXXIII) showed Xmax (log e) :

215 nm (0.256) and 265 nm (0.359).

Biological screening results9

All the synthesized di- to tetrapeptides (I—XXXIII) were found to be bio

logically inactive towards Bacillus subtilis (ICC-Strain), Bacillus cereus (NRRL-

-B-569), Bacillus mycoids (USSR), Escherichia coli (NRRL-B-210), Salmonella

typhosa (NRRL-B-573) and Penicillum chrysogenum (MIC 250-500 (xg/ml).

Copper {II) complexes of peptides

The dipeptide methyl esters (I —V) containing the L-tryptophan residue as

the C-terminal amino acid in the dipeptide, gave blue 1:1 complexes with Cu(II),

Xmax 610 — 630 nm. Replacement of the N-terminal amino acid residue in the
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Scheme I

Tos-L-Iry + HC1 .I-Try-OMe + DCC + EtjS (Dioxan )

Tos-L-Try-L-Try-CWe

(Toa-dipeptide methyl eateraj-

lompounda I-nil)

|hh2-hh2 4 ~ 5

JcjHjOH Toe-L-*ry-L-Iry-HH2

(Tos-dipeptide amides,
Toa-Ii-Iry-L-Iry-H-jH,,

' ' Compounds XIV-X7III)
(Toa-dipeptide hydrazides,

Compounds XH-XHI)

|jn* a toy B ffj' >J

(Tos-dipeptide azldea)

EOl.Ii-Tal.-0Ha

Tos-I-Try-L-Try-L-Val-OKe

(los-tripeptide methyl eaters,

compounds ztcn-rnz)

Toe-Cly-Oly-Gly + HCl.I-Try-OKe + SCO 4 Bt^ET (Dioxan )

toB-Oly-Oly-Oly-Miy-CKa

(mil)

Toa-Mry + HCl.Oly-Oly-My-CIfa + JCO + St,* (Dioxan) -

Soa-X-Try-aiy-My-Gly-OCa

(mm)

dipeptide with L-tryptophan or 2-aminobutyric acid or 3,4-dihydroxyphenylala-

nine residues gave dipeptides (VI—XI) which did not form normal blue copper

complexes. The abnormal behaviour of the N-terminal tryptophan dipeptides may

be attributed due to the bond length. Steric factors and complex dimensions should

be taken into consideration also. Similar findings were previously reported during

studies of the copper(II) complexes of dipeptides containing 2-aminobutyric acid

and 3,4-dihydroxyphenylalanine12.

The dipeptide amides (XIV—XVIII) gave deep violet (1:1) complexes with

Cu(TI), ^max 550—575 nm. Similarly, the dipeptide hydrazides (XIX—XXIII)

gave violet (1:1) complexes with Cu(II), Xmax 555—580 nm. A comparison of

the blue copper complexes of N-tosyl-dipeptide methyl esters (I —V) with violet

copper complexes of their corresponding dipeptide amides (XIV—XVIII) and

dipeptide hydrazides (XIX—XXIII) confirms the opinion that the amide group

(—CONH2) and the hydrazide group (—CONHNH2) participate in complex

formation of dipeptide amides and dipeptide hydrazines of tryptophan. These

observations were also reported by us 13 -15 during studies of the copper(II) com

plexes of di- and tripeptide hydrazides and amides of serine, lysine, ornithine,

glycine and alanine.
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The tripeptide methyl esters (XXTII—XXIX) gave pale violet or greenish

violet (1:1) complexes with Cu(II), Xmax 560—580 nm.

The tetrapeptides (XXXII and XXXIII) gave reddish violet (1 :1) complexes

with Cu(II), Amax 540-550 nm.

From the present results it is evident that the tri- and tetrapeptides of L-tyrpto-

phan form normal complexes with Cu(II) like that of the tri- and tetrapeptides

of glycine and alanine2-4. It is suggested that the NH-group of the indole ring

did not participate in complex formation. However, the amide and hydrazide

groups of dipeptide amides and dipeptide hydrazides participate in complex for

mation.

Studies on the biological activity of the copper(II) complexes of(I—XXXIII)

revealed that none of these complexes possess any significant activity (MIC 250 —500

(xg/ml) towards all tested microorganisms.

Structures of (I—XXXIII) were assigned on the basis of elemental analyses,

chromatographic studies, spot tests, and the IR and UV spectra. The peptides

I—XXXIII have been prepared and characterized for the first time (cf. Table I).

The methods used for studying copper(II) complexes were the same as described

in previous papers2-4.

EXPERIMENTAL

Samples for analyses were dried at 60/10° mm, over anhyd. P2O5 for 36 h. Melting points

were recorded on Gallenkamp melting point apparatus and are uncorrected. The Rt values (TLC)

were determined on Silica Gel-G(BDH), developed with w-butanol — pyridine — acetic acid —

water (15:10:3:12), and detected with iodine — potassium iodide (20%) solution as the

spraying agent. Benzidine, ninhydrin, silver nitrate and hydroxamate reactions weie used for de

tection of the amino acid derivatives on Whatman No. 1 paper chromatograms (spot reactions;.

The optical rotations [a]p were measured: (c=5) in the solvents; (A) = dioxan, and (B)

= ethanol, using a Bellingham Stanley polarimeter, 1 dm tube at 20°. The IR spectra were taken

in KBr on a Unicam SP 1200 instrument ana the UV spectra ir ethanol on a Unicam SP 8000

spectrophotometer.

General procedure for the synthesis of N-tosyldipeptide methyl esters {I—XIII)

To a cold solution (0°> of amino acid methyl estar hydrochloride18 (0.0125 mol) in dioxan

(100 ml), was added triethylamine(1.4 ml) and the mixture stirred for 30 min at 0°. The reaction

mixture was cooled to —5°, N-tosylamino acid17'18 (0.01 mol) and dicyclohexylcarbodiimide

(2.06 g) were added successively and the mixture stirred for 3 h at 0° and for 2 h at 5° and left

for 24 h in a refrigerator at 5° and for another 24 h at room temperature. The precipitated

dicyclohexylurea was filtered off and the filtrate treated with gl. acetic acid (0.5 ml) and set aside

for 30 min at room temperature. The dicyclohexylurea was filtered off and the solvent evaporated

in vacuo. The residue was recrystallized from methanol, ethanol or their mixtures with water.

The dipeptides (I—XIII) were soluble in alcohols, DMF, dioxan, THF, chloroform, insoluble

in water and ether. All dipeptide methyl esters (I—XIII) were chromatographically homogeneous

when developed with iodine solution, benzidine, hyoroxamate reactions and gave negative nin

hydrin tests.

General procedure for the synthesis of N-tosyldipeptide amides {XIV—XVIII)

A solution of N-tosyldipeptide methyl ester (I—XIII, 0.003 mol) in methanol (250 ml)

previously saturated with ammonia (at 0°) was placed in a pressure bottle and kept at room tem

perature for 48 h. The solution was evaporated to dryness under reduced pressure and
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9.88 10.66 9.89 11.40 10.79 9.95 10.88 12.26 12.89 12.84

9.82 10.65 9.82 11.29 10.65 9.82 10.65 12.24 12.80 12.80

C29H38B4°63

C35H39N5°6S C29H3rf,406S

°35H39W c29H36Ji4°63

C33H39r!5°6S

'0i^»i7W C25H29H5°73

♦169.7(B)
+159(B) +167(B) +197(B) +170(B)

+182.5(B) +95.5<B) +168.5(3) +169.5(B)

0.90 0.87
0.9'

n.78

0.79 0.63 0.01 0.83 0.82 0.75

135-187 180-182 195-197 228-230 234-236 200-202 202-204 206-208 185-187 168-170

50 54 45 53 45 48 50 60 6G 46

(a) (e) (a) (b) (b) (a) (a) (b) (o) (a)

Tos-L-Val-L-Val-L-Try-OMe Tos-L-7al-L-Try-L-Try-0Me Tos-L-Val-L-Try-l-Val-OMe Tos-L-Try-L-Try-L-Try-Otfe ?03-J,-Try-L-Try-L-Val-CJ5e Tos-I-Try-L-Val-L-Val-OMe Tos-L-Try-I-Val-L-Try-OKe

?os-01y-31y-Gly

Tos-Oly-(Oly)2-L-Try-OHe Tob-L-Trj'-(Sly)2-C-ly-OMe

mil
XXIV

XXV Ton

XXVII
XXVIII

XXIX
XXX

XXXII
XXXIII

*)AbbreviationsusedforaminoacidderivativesandpeptidesarethoseproposedbyTC7AC-I13Comeissianon.Biochemicalnomenclature,

J.Biol.Chen.,247,977(1972):Aba=2-amlnobutyricacidresidue;3,4(0H)2phec3,4-dihydroxyphenylalanineresidue;Tos=p-tosyl

(rroup;NHj=amide;HjEj=hydrazide;OMe=methylaster.'

*»)Crystallizationsolvent:(a)=methanol-water;(b)=ethanol-water;(c)babs.methanol;(d)=abs.ethanol;(e)=ethylacetate-

ether.

•**)OpticalrotatlonsLOOJpveremeasured(c=5)inthesolvent:(A)=•dioxanand(3)=ethanol.

*•**)AllthecompoundsgavesatisfactoryCandHanalyses.
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the product was crystallized from ethanol or methanol. The amides (XIV—XVIII) were chro

matographically homogeneous when developed with benzidine and iodine solution and gave

negative hydroxamate tests.

General procedure for the synthesis of N-tosyldipeptide hydrazides {XIX—XXII)

N-Tosyldipeptide methyl ester (I— XIII, 0.013 mol) was dissolved in ethanol (300 ml)

and hydrazine hydrate (85%, 0.025 mol) added. The reaction mixture was refluxed for 6 h and

kept at room temperature for 24 h. The alcohol and hydrazine hydrate were removed under

vacuum till dryness and the residue was recystallized from ethanol-water (1 : 1) mixture. The

dipeptide hydrazides (XIX—XXII) were chromatographically homogeneous (detection with

benzidine, iodine solution and silver nitrate).

General procedure for the synthesis of N-tosyltripeptide methyl esters {XXIII—XXIX)

(a) N-tosyldipeptide azide — was prepared by adding a solution of sodium nitrite (0.1 mol)

in water (20 ml) to a cooled (—10°) solution of N-tosyldipeptide hydrazide (XIX— XXII, 0.1

mol) in water (400 ml;, gl. acetic (30 ml) and cone. HC1 (10 ml). The mixture was stirred for 5

min, the azide extracted with ethyl acetate (350 ml) and the extract washed successively with

water, sodium bicarbonate (3%) and water and dried (NaeSOj). (b) Amino acid methyl ester

was obtained from its hydrochloride (0.115 mol) by dissolving it in 150 ml of freshly distilled

ethyl acetate, adding triethylamine (0.13 mol) and stirring the mixture for 30 min at room tempera

ture. The mixture was cooled to —5° for subsequent coupling, (c) N-Tosyltripeptide methyl

esters (XXIII —XXIX) were prepared by the addition of ethyl acetate solution of the dipeptide

azide from (a) above to a cooled ( — 5°) solution of the free methyl ester from (b), and keeping

the mixture for 24 h at 0° and for another 24 h at room temperature. The reaction mixture was

washed successively with 0.5 mol/dm3 HC1, water, sodium bicarbonate (3%), and water and

dried (Na»S04). The solution was evaporated in vacuo and the residue recrystallized from meth

anol, ethanol, ethyl acetate or their mixtures with ether or water. All the tripeptides (XXIII —

—XXIX) were chromatographically homogeneous (detection with benzidine, iodine solution and

hydroxamate reactions).

N-Tosyl-Gly-Gly-Gly {XXX)

The titled compound was prepared starting from p-tosyl chloride (0.012 mol) and digly-

cylglycine (0.01 mol) using the procedure described for preparation of N-tosylamino acids17,18.

HCl ■ Gly - Gly - Gly - Gly - OMe {XXXD

The titled compound was prepared starting from diglycylglycine (0.01 mol), thionyl chloride

(0.015 mol) and methanol (150 ml) (at — 10°), using the procedure described for preparation

of amino acid methyl ester hydrochloriues18' 19. Yield 87%, m.p. 195-197°, Rt 0.45.

N-Tosyl- Gly-{Gly)z-L-Try-ONMe {XXXII)

N-Tosyl-Gly-Gly-Gly (XXX, 0.014 mol) and HCl-L-Try-OMe (0.015 mol) were

dissolved in dioxan (100 ml) containing triethylamine (0.02 mol). The mixture was cooled to

— 5°, dicyclohexylcarbodiimiae (,2.7 g) added and the mixture stirred for 3 h at 0° and

left for 24 h at 0° and for another 24 h at room temperature. The reaction mixture was

worked up as described for preparation of (I — XIII;. The tetrapeptide (XXXII) was le-

crystallized from methanol and TLC-pure material was obtained. The product was chromato

graphically homogeneous. The tetrapeptide (XXXII; was hydrolysed with 6 mol/dm3 HCl for

24 h and the hydrolysate examined by chromatography and electrophoresis. The hydro-

lysate gave two ninhydrin positive spots corresponding to glycine and tryptophan.

N-Tosyl-L -L-Try-{Gly)t-Gly- OMe \,XXXIII)

N-Tos-L-Try v0.014 mol) and HCl- Gly-Gly-Gly-OMei,XXXI, 0.018 mol) were dissolv

ed in dioxan (150 ml) containing triethylamine (0.03 mol). The reaction mixture was cooled

to 0°, dicyclohexylcarbodiimide v.2.7 g) added and the reaction mixture was worked up as descri

bed for (XXXII). The tetrapeptide (XXXIII) was recrystallized from methanol -water and

TLC-pure product obtained. Analysis of the acid hydrolysis product of (XXXIII) gave two

ninhydrin positive spots corresponding to tryptophan and glycine.
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H3BOA

CHHTE3A HEKHX ITEnTHflA KOJH CA0P5KE TPHIITCXUAH, BAJIHH H TJIHUHH

A. M. EJI-HATAP, M. P. 3AXEP ■ C. A. A. EJI-rA<t>AP

Odcac 3a xeMujy, ITpupodno - uaiueMaiuuHKU $aKy.uueiu, YHutepiuiucui Aa-A3xap, Kaupo, Ecuuaui

Cmrre3a hckhx Memneerapa N-TO3Hn;nnienTHfla kojh ca^pwe TpHimxpaH, rimmm, Ba-

jihh, ajiaHHH, JieyuHH, 2-aMHHo6yrepHy KHcejmHy h 3,4-jnraHmx>KCH(peHHJiaJiaHHH (I—XIII)

ocTBapcHa je noMohy Kapoo/ntHMH/nror Mero,aa. Oopaaa Menuiecrapa ,'utnermwa ca MCTaHOJioiw

3acHheHHM aMOHHjaKOM flajia je cwoBapajyhe amue (XIV—XVIII). Ximpoa3HHOJiH3a ecrapa

y eTaHOJiy flajia je XHApa3H#e (XIX—XXII). MenuiecTpH N-T03ttirrpHnenTHaa (XXIII—XXIX)

cnpaB^eHH cy a3HflHHM mctoaom. TeTpanenTHflH N-Tos-L-Gly-(Gly)s-L-Try-OMe (XXXII)

h N-Tos-L-Try-(Gly)i-Gly-OMe (XXXIII) anrreTHcaHH cy DCC mctoaom. HayiaBaae

KOMiuieKca Cu(II) ca obhm ncrrni.mwa noTnphyje ,ia aMHAHe h XHflpa3HOTe rpyne flttneirrHAHHX

ajvwfla h AHnermwHHX XHflpa3ima ynecTByjy y rpa^eay KOMiuieKca ca Cu(II).

(ripHMJbCBX) 11. jaHyapa 1982)
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The inverse spectroscopic problem for succinic anhydride is solved in the

framework of the valence-optical theory, and the force and electrooptical fields

are obtained. The basic factors influencing the positions and intensities of absorp

tion bands are determined. The good agreement of experimental and calculated spectra

confirms the chosen electro-optical model of the molecule.

The structural study of substances by spectroscopic methods includes, as

one of the steps involved, the full spectrum calculation for the model being exa

mined. The possibility to calculate the spectrum for a model within a given accu

racy is the limiting factor in obtaining information from the recorded spectrum.

Actually, spectroscopic methods are indirect, since structural informations about

the specimen are obtained by solving the so called „inverse spectroscopic problems".

The solving procedure itself consists of successive minimization of the functional

representing the difference between the experimental and calculated spectrum.

Clearly, the more detailed this correspondence — the more unique and complete

is the information about the specimen under study. At present, the vibration fre

quency calculation is a routine procedure. However, the comparison of experi

mental and calculated data only on the ..frequency level" of accuracy cannot be

regarded satisfactory, especially for more complex molecules with absorption bands

of very different intensities, numerous overlappings of close bands etc. In such

cases, a more detailed comparison of the calculated and experimental spectrum is

necessary, requiring not only frequency calculations but absolute band intensities

too, and finally, formation of spectral distribution curves of the absorption coeffi

cients.

Papers covering that matter have appeared in the last few years1-11, but

for some reason they have not become widespread. As a consequence, there is

a growing interest for enlarging the statistics of such calculations, especially for

compounds of more complex structure.

261



262 RAKOVIC, STEPANYAN and GRIBOV

CALCULATION

The subject of this paper is the molecule of succinic anhydride. Besides

having a significance for itself, this molecule is a constituent of the co-polymer

poly(2-phenylvinyl ethyl ether)-co-maleic anhydride, an important substance in the

petroleum industry.

The experimental spectrum of succinic anhydride (SA), taken from a spectral

atlas11, is shown in Fig. 2 (upper curve). The absorption bands intensity calcula

tions were done according to the valence-optical schema, using the method12 and

computer programs13 presented elsewhere.

The geometrical parameters of SA were obtained from literature sources14.

To simplify the calculation, they were slightly changed in order to keep the ring

symmetry. The final geometric model of the SA molecule, along with the presenta

tion of all geometrical parameters and natural vibration coordinates being used,

is shown in Fig. 1 . The planar ring structure is assumed. The molecular symmetry

is C2v The independent vibrations are classified according to the symmetry species

in the following way: r=9Aj+ 5A2+ 5Bi + 8B2. The vibrations belonging to the

A2 irreducible representation are not IR active.

Fig. 1. Molecular model of

succinic anhydride with geo

metrical parameters and a

system of natural planar

vibrational coordinates.

The initial force field was chosen in a following way. The force constants

for the 0=C—O group were taken from dipeptide data15, describing the close

structure of 0=C— atoms, with the force constant of the C —O bond being com

pared, as a starting point, with the corresponding magnitude of the C—N bond.

The force constants of C—O bonds were estimated from diagrams correlating

force constants and bond lengths16. The parameters of methylene groups were

transferred from data of paraffins17, except the H-C-H angle force constant,

whose value was greatly reduced, comparing to the generally accepted value of

0.71 (in units 10™ m-2).

Further on, in comparing the calculated data with experimental ones, some

constants have been corrected. For instance, the force constant of the C =0 bond

was increased from 16.3 to 18.3, because the stretching vibration frequencies

of C=0 groups in the SA ring are higher by nearly 200 cm-1 than those in dipep
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tides. The interaction force constant of the C—C bond and the C—C—H angle

was lowered from 0.45 to 0.35, and the one of the C—H bond and the same angle

was increased from 0.3 to 0.43, all this being in agreement with generally accepted

values18. The force constant of the C—O bond was lowered in comparison to the

corresponding value of the C—N bond to 6.9, because stretching vibrations of

C—O bonds appeared in the experimental spectrum between 1000 and 1100 cm-1,

significantly lower than for corresponding C—N ones in dipeptides. The force

constant values of out-of-plane coordinates were approximately estimated from

dipeptide data15. The out of plane force constant of the C=0 bond was lowered

to 0.3, and the one of C—O bond torsion was increased to 0.6. Variation of these

two parameters was a necessity, in order to reach a better agreement in the far

IR region of the spectrum. All those changes resulted in better agreement of experi

mental and calculated frequencies.

It is interesting to notice that it was necessary to introduce the interaction

force constant of two C=0 bonds (W'=0.6) with no common atoms, this being

usually characteristic of conjugated systems. Obviously, two 7>electrons of the

carbon atoms 3 and 5 and two 7t-electrons of the oxygen atoms 6 and 7 are conju

gated with two unpaired electrons of oxygen atom 4, resulting in rearrangement

of the electron density and electron collectivization, having as the consequence

the necessity of introducing an interaction force constant of non-neighbouring

bonds. Analogous systems were considered by Popov et al.w. They have shown

that the specificity of intramolecular interactions of carbonyl groups is manifested

by non-zero off-diagonal values in the force constant matrix. The existence of

an „oxygen bridge" between carbonyl groups causes an increase of frequency

splitting between symmetric and antisymmetric vibrations of C=0 groups, caused

by electron interaction through the bridge.

It should be noticed that the interaction force constant of the C=0 bond

and the C—O—C angle (A^=A^=-- —0.1) has a significant value, too, as it

consequence of the mentioned rc-delocalization. During the calculation process a

was observed that the frequencies of CH2 deformation vibrations (1432 cm-1 and

1419 cm1) are very sensitive to the changes of the parameter l^u = —0.01, re

presenting the interaction force constant of a8 and x\l0 angles (having no common

atoms). This observation indicates a very dynamical electron density structure

of the SA ring.

Electrooptical parameters were subjected to more significant changes in

comparison with the force constants, since they are more sensitive on the environ

ment and, therefore, less transferable. Initial estimates of electrooptical parame

ters were gathered from dipeptide data15. Introduction of such values had a

consequence that bands laying in a basic region of 800—1400 cm-1 were less

intense, while at the same time the calculated longwave band intensities exceeded

the experimental ones for several times. In order to reach good agreement of cal

culated and experimental data we introduced following changes. The dipole mo

ment of the C—O bond, in comparison with the corresponding value of the C—N

bond, was changed from —3.00 to 2.33 (in 10 30 C- m units), and the dipole

moment of the C = O bond from 6.66 to 5.00. This is caused, obviously, by the

change in the surrounding of the carbonyl group. Some corrections were also

applied upon the derivative of the dipole moment of the C—O bond with respect

to the stretching coordinate of the C= O bond, from —5.00 to —4.00 (in 10^20

C ■ m/m units), the derivative of the dipole moment of the C = O bond with res
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Table 1. Force constants of succinic anhydride /in in10 m"2/

Symbol* Value Symbol*

*1

«J

Ki

U

u

Kl 2
»

\,

•a

7.20

7.20

€.90

18.30

7.80

0.71

0.92

1.35

1.10

1.00

1.05

1.60

0.10

0.20

0.20

-0.10

0.60

0.08

18 .! I
Ai* i A2'

2 3 3 6
A3' I A3»

A3-'

*'

*%

I »
As'

1 8
A8'

10,11
is s

la *2 e

1*9 2*9

*i'b5 *2'a

1*10 i'u

*1 8 S*l 8

' 2 8*

9

1 s

t

2 3

P6*

2 S

Xl*2

3),

X2 3
•

1 5

Xl-,2

! I 11 t I II

Vl'iS V2'3

: i i u i 1 s 1 t ii 5

X,2*2*8Jl,24l,2'82*343 t

'fye use the following notation: - force constant of the ith bond;

K| j - force constant of the angle, formed by ith and jth bonds; Irj -

- force constant of interaction of the ith and jth bonds; A"'m - force

constant of Interaction of the 1th bond and valence angle, formed by nth

and n**1 bond;i?,m - force constant of interaction of the two angles with

bond Indices n,m and i,J; py - force constant of the out-of-plane anale,

formed by 1th bond and plane determined by the Jth and ntn

- force constant of interaction

S> X1.J

- force constant of the two-branch angle between the planes determined

by bonds i.j and n*t *J « J;J . J* t

of the two-branch angle, determined by the planes i.j and m,n with the

angle of the p^-bond issue from the plane q.r and two-branch angle determi

ned by planes p,q and d,r, respectively.

pect to the stretching coordinate of the same bond, from 6.66 to 7.66, and the deriv

atives of the dipole moment of the C—H bond with respect to the deformation coor

dinate of the C-C-H angle (from 2.33 to -3.00 and from -0.90 to 0.66, cf.
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Table 2). The changes of the first two parameters were motivated by the need

to increase the intensity of the symmetric stretching vibration of C = 0 groups,

1860 cm-1, and of the last two to obtain an increased band intensity of deforma

tion vibrations of a and (3 angles. Even more changes were applied on the derivative

of the dipole moment of the C—O bond with respect to the stretching coordinate of

the same bond (from —5.20 to —6.87). The derivative of the dipole moment of

the (H2)C—C(O) bond with respect to the stretching coordinate of the same bond

was significantly changed: from —5.00 to 1.66. The final values of force con

stants and electrooptical parameters are presented in Tables 1 and 2, respectively.

The negative dipole moment designates that the directions of dipole moment

and bond (cf. Fig. 1) are opposite. A similar remark is valid for the sign of the

derivative of the dipole moment with respect to the given internal (natural) vibra

tion coordinate.

It should be pointed out that the inverse electrooptical spectroscopic problem

can be simplified by using a relationship between signs of derivatives of dipole

moments with respect to bond stretching or deformation angle coordinates and

corresponding force constants :

sign A'.= ± sign-^

dqt

du.]

sign A™"= ± sign ——-

In the framework of the classical definition of the bond dipole moment, it has

a simple explanation. Suppose that (x>>0 (having no influence on further considera

tions). Further on, for definiteness, let us suppose that the force constants A\

(Af) are positive. Then, with stretching of the iih bond (d#>0), e. g. increas

ing of the angle <pmn (dymn>0), the increment of the bond length must be

positive (d<7y>0), in order to be a positive contribution of off-diagonal terms in

potential energy of this deformation (d[/y=^- A'. dqjdqt>0, e. g. dUmn,j =

= — Amndq/d cpmn >0) — that is nearly always fulfilled. As a consequence, the incre-

2

ment of the jtb bond length becomes positive (c%>0), giving rise (in nonconjuga-

ted systems) to a positive increment of the dipole moment of the y01 bond (d(z/=

= — Qdqj+qjdQ>0, since the changing of dipole charge dQ>0 must influence the

restoring of the equlibrium bond configuration); for conjugated systems the possi

bility of identification the electrooptical parameter y.j with the dipole moment

of the _7th bond (Qqj) is obscured, since the electron density mobility of such sys

tems gives rise to additional contributions to the electrooptical parameter

so the latter consideration could be ruled out. The sign correlation of the type

(1) could have considerable consequences as a simplification in solving the inverse

electrooptical spectroscopic problem, when the inverse mechanical spectroscopic

problem is already solved and, therefore, the force constants are known. It signi

ficantly reduces the number of possible sign combinations in electrooptical para

meters, accelerates the numerical procedure and increases the reliability of the

final solution, as confirmed in our calculation.

-I- for [L}>0

— for w<0

(1)
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Table ?■ Electrooptical parameters of succinic snhydride

/in lO^Cm i 10"20 55 /
in

Symbol Value Syi-bol VMue

>-l
0 III 0.03

*2
2.20 2.00

U3 -2.33 7.66

"6
5.00

36^ 34^
» "f -1.00

"8
-1.00

*i
-1.07

Jm2

1.66 -0.17

0.27 -1.33

3S|

-0.33

Ik III

-3.00

-2.10
3Bj ' 38]

0.66

?"3

-6.87
38|

-2.33

3vi

3<1, -1.66

-4.00

3u3 9p3 Ju3
-1.00

DISCUSSION

The values of experimental and calculated vibrational frequencies, the most

significant contributions to vibrational forms and intensities, the calculated absolute

intensities and introduced half-widths of absorption bands are given in correspon

ding columns of Tabic 3. As can be seen, most of the bands are complex in form

and noncharacteristic for any structural element. Naturally, it is reflected on the

dependence of band intensities on different parameters. If the intensity of the

C—H stretching vibrations is mostly determined by derivatives of the dipole
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moment (ac-h with respect to the stretching coordinate of that bond, in skeletal

(ring) vibrations, along with the parameters of the ring itself, the significant con

tributors to intensity are the derivatives of dipole moments of C—H bonds

with respect to the deformation angle C—C—H coordinates. Influence of most

parameters on intensi*ies of many bands is a consequence of a dynamical electron

structure of the ring, being also affected by kinematical factors. In many of the

molecules investigated so far, IR spectral intensities are determined by the vibra

tions of light atoms, so we expected a great contribution of methylene groups

in intensities of the molecule under study. However, analysis of Table 3 shows

that the forms of almost all normal vibrations are complex and that a significant

contribution is due to deformation vibrations of CO-groups. In the longwave region

(below 700 cm-1), vibrations are caused by deformation and out-of-plane vibra

tions of the skeleton and carbonyl groups. Their intensity is mostly determined

by the dipole moment [xc=o- Let us notice the great polarizability of the C = 0

bond ([Ac=o= 5.00) which is, nevertheless, smaller than the one in dipeptides.

Such a result is not unexpected, as the electron density structure of the ring signif

icantly differs from the corresponding one in noncyclic compounds.

As can be seen from Fig. 2, the most intense bands in the spectrum are

1790 cm-1, 1060 cm"1 and 915 cm 1. Our calculation showed that the major con

tribution to the intensity of the first two mentioned bands (about 80%) are due

to dyn/dqt and d^s/d^3 (for the 1790 cm 1 band) and d[Lzjdq3 (for the 1060 cm-1

band), as well as their symmetric counterparts. The magnitude of these parame

ters, as well as their contribution to band intensities provides evidence for an

essential influence of conjugated electrons of the „oxygen bridge" on electroop-

tical characteristics of the SA ring. The intensity of the 915 cm-1 band is mostly

(about 80%) determined by parameters djic-H/^Pc-H-H, as is expected from the

vibrational form which characterises this band.

The intensity of stretching C—H vibrations depends both on the dipole

moment of the C—H bond, d|Ac-H/<tyc-H» and on the vibrational coordinate of

an adjacent C—H bond, dyLc-n/dqc-B.' . It is fully insensitive to changes of the

dipole orientation. On the other hand, the intensity of C—H deformation bands

depends on both types of parameters, representing an illustration of a general rule.

To calculate the spectral curve as an envelope of the absorption bands which

correspond to normal vibrations, it is necessary to chose some paticular form of

these absorption bands and introduce the values of their half-widths. This approach

has been examined previously on different systems21. We chose the Gaussian

form of bands, while the half-widths were estimated from experimental data and

varied in 5 to 15 cm-1 limits in dependence of the spectral interval and the nature

of bands, being in correlation with previous works. The resulting theoretical curve,

along with an experimental one, is shown in Fig. 2. It should be pointed out that

the agreement between experiment and theory is satisfactory, especially taking into

account the complexity of the molecule. The longwave band intensities are some

what greater. This can be explained by the insufficient accuracy of the determined

parameters.

It is important, however, to underline that we succeeded in general, regard

less of the complexity of the molecule, relying on existing practice, to describe

properly not only the frequencies but also the intensity distribution in the spectrum.

Further on, the obtained parameters are used for calculation of the vibrational
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Table3.Cont.

- 20 12 12 12 30

- 0.3 4.6 12.4 1.4 2.1
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3uflatf(J3Mfl3x,

3U,3v80u83U3
"z-'VWaTf'„9'ssj-tjj 3u3ug3yg3wg

.p2,3XI,S6'1,2
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e»,BB12
1.2
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Fig. 2. Transmission spectra for succinic anhydride: experiment (upper) and

calculation (lower).

spectrum of the co-polymer poly(2-phenylvinyl ethyl ether)-co-maleic anhydride

(Part II of this paper). Also, they could be an useful background for calculation

of vibrational spectra of quasi-onedimensional systems of the polypyrrole-type,

whose electrical conductivity is greatly increased when doped22 (for 10—18 orders

of magnitude).

H3BOJI

nPOy*IABAH>E HHOPAUPBEHOr CnEKTPA KOnOJIHMEPA 2-<t>EHHJIBHHHJI

ETHJIETPA H AHXHOPHJJA MAJ1EHHCKE KHCEJIHHE. I. PEIHEftE OEPHYTOr

CIIEKTPOCKOnCKOr nPOBJIEMA AHXHffpUJlA TiHJIHEAPHE KHCEJIHHE

flEJAH H. PAKOBHTi

EMK&pouiexHUHKU t/kiKyAiueiu YHueepntuieuia y Eeoipady, u. up. 816

11001 Eeotpad

CEflA A. CTEITAHJAH h JIEB A. TPHBOB

Kauiedpa 0u3use, noiboupuepedua axadeMuja „K. A. TuMUpja3e«",

A 8- 125008 Mocraa, CCCP

H3pa<ryHaBaH je BHopauHOHH cnetrrap aHXHApnj;a hmmoapHe khccjihhc y Tony peiuaBaiba

oCpiryTor cneicrpocKoncKor npo6jieMa ao6njeHn cy, y oKBHpy BajieHTHO-orrnKKe Teopnje, cKynoBH

KOHCTaHTH owe h ejieKTpoonTHMKHx napaMeTapa oBor je/unfeeiba. OnperjeHH cy ochobhh (ban-

TopH Koja ynray Ha nonowaje h HHTeH3HBHocTH ancopninioHHx ipaKa. JJo6po cjiaraite eKcnepu-

MeHTajnior h HapaqyHaTor HIJ,-cneKTpa noTBprjyje BepoflocrojHocT H3a6paHor ejiempo-onraiKor

Moaejia MOJienyjia.

(ripHMJtcHO 9. Mapta 1982)
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The vibrational spectrum of a co-polymer, poly(2-phenylvinyl ethyl ether)-co-

-maleic anhydride, is calculated by the transfer of semiempirical parameters (force

constants and electrooptical parameters) from additive molecular groups. A good

agreement of experimental and calculated spectra proves the procedure to be effec

tive even for very complex covalent-type chemical structures.

Molecular spectroscopy is one of the most important methods for explora

tion of the polymer structure and characteristics. Until recently, works on examina

tion of vibrational spectra of polymers were mostly experimental, consisting of

interpreting the origin of absorption bands. Clearly the reliability of the inter

pretation raises significantly when a comparison can be made with calculations

based on a theoretical model. However, the conclusions on the credibility of the mo

del are met with numerous difficulties. One may therefore proceed in several

successive steps, comparison levels, even for small and medium sized molecules.

The first, simplest level consists of a definition of several characteristic

frequency ranges, ascribed to particular isolated atomic groups, as shown in Fig.

la. The theoretical spectrum of this model is a set of particular spectral intervals

where absortion might occur.

A more complex model consists in forming (on the basis of other independent

informations or postulating) the structure of a complete molecule. In such a model,

we can distinguish particular elements, say CH2 and CH3 groups, including the

influence of the closest environment, as shown in Fig. lb. This approach offers

the possibility to indicate a greater number of possible apsorpion intervals, which

are narrower than in the initial model.

The next, even more complex level of comparison reduces to the formation

of a model which has an entirely determined geometrical structure and characte

ristics of a potential surface. This model makes it possible to calculate not only

the absorption intervals of isolated groups, but the position of all normal modes,

273
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as well, with a sufficient accuracy. The theoretical spectrum, shown in principle

in Fig. lb, represents the set of narrow intervals corresponding to given normal

vibrations, in this case the theoretical spectrum having all possible bands of the

given molecule. However, even in this case many details of the real spectrum are

 

Fig. 1. Different levels of complexity of the theoretical molecular

model and their spectral characteristics : a) superposition of structural groups ;

b) rough structural form; c) detailed geometrical structure and characteristics

of a potential surface; d) detailed geometrical and electronic structure of the

system.

lost. It is known, especially in the case of complex molecules, that their spectra,

as a rule, consist of a lesser number of intense bands in comparison with the num

ber of normal modes corresponding to this structure. This is a consequence both

of overlapping of some bands and of a minor intensity of others, which may be

lost in the background of the stronger bands in the spectrum. Therefore, with

complex compounds, the comparison of calculated spectra with experimental ones

only on the ..frequency level" could appear insufficient and incorrect. As a con

sequence, the exact comparison of calculated and experimental spectra could be

realized only by taking into account the intensity distribution of absorption bands.

This is why the forming of a theoretical spectrum, presented as a spectral curve,
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represents in some degree an ideal, to which the theory of polyatomic molecules

ought to tend. For small and medium molecules, a relatively large experience

in calculating the spectral curves has been accumulated. The calculation can be

done by several different approaches1-4, in some degree being equivalent. The

most widely used one is the so-called „valence-optical theory" approach. It is

based on representing the electrical characteristics of molecules in the form of

so-called dipole moments of bonds and their derivatives with respect to internal

(natural) molecular coordinates. With such a theory it is possible, using the men

tioned parameters, to calculate the molecular spectrum, cf. Fig. Id. The calcula-

tional procedure is described in the monograph of Gribov5.

The study of polyatomic molecules by methods of molecular spectroscopy con

sists of solving so called „inverse spectroscopic problems", based on the comparison

of the calculated spectrum of the model with the experimental one. Under some

limiting conditions, the degree of agreement between the calculated and experi

mental spectra gives evidence about the adequacy of the chosen model. Clearly,

the more accurate the comparison level of experimental spectrum with the model

one, the more reliable the answer and the greater quantity of information obtained

from the spectrum of the specimen under the study. For instance, if one compares

the experimental and theoretical spectrum only on the level of characteristic in

tervals (cf. Fig. la), it is only possible to obtain information about the existence

of two, three or more different structural groups. If there is a possibility of a more

accurate comparison on the level, say, represented by Fig. lb, the model of the

approximate structural form can be obtained. When the calculation gives rise to

to the forming of frequencies of all normal modes of the system, it is already possible

to readjust the model having defined geometrical and po tential surface characte

ristics (cf. Fig. lc). At last, if the whole spectra are compared, with calculating

spectral distribution of absorption coefficient, it is possible to obtain the most

complete information about the geometrical and electron structure of the system

(cf. Fig. Id).

Clearly, all these remarks and reasonings are valid in the case of polymers,

too. By studying polymers, the complete calculations of spectral curves are be

coming very important, since polymer spectra have a more complex structure,

compared with those of small molecules. Every recorded band in a polymer spec

trum has not, as a rule, a simple structure but represents the envelope of many

normal vibrations. Although, superficially, the polymer spectrum can resemble

the one of a small molecule, the structure of recorded vibrational bands in a polymer

spectrum is essentially changed. Therefore, in studying a polymer spectrum the

possibility of its accurate calculation has a special significance. It gives rise to

a very important point. In polymer systems, in accordance with the chemical bond

character, long range interactions may or may not be present. It is essentially

connected with the character of the electron density distribution of a polymer.

Moreover, in some polymers the adiabatic approximation can be inadequate. As

a consequence the polymer can differ, by its character, from the monomer unit

(small molecule), since polymer systems will not be only a simple superposition

of monomer structure units, e. g. the chemical bond character is changing in the

polymer. The calculation of the polymer spectrum can point at this fact, this

being its particular role.

If the calculations on small and medium molecules can be, at present, viewed

as a routine procedure (it is concerning, of course, calculations of vibration fre
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quencies, but not intensity calculations), the same cannot be stated for polymer

vibrational spectra, even on the level of vibrational frequencies, where calculations

are done relatively rarely. The scientific work dealing with the calculation

of complete spectral curves is even more limited. We know only of several such

papers, concerning the work of the Gribov6 8 and Zerbi9 groups. Therefore,

there exists a general interest, as first, for enlarging the statistics of such

calculations and, as second, for the estimation of numerical performances

of contemporary theory. Hence, we chose the co-polymer, poly(2-phenylvinyl ethyl

ether)-co-maleic anhydride, for calculating the spectral distribution curve of a

vibrational absorption coefficient in the IR region of spectrum. This compound

is interesting from two points of view. As first, it has a potential applicability in

the petroleum industry10, thus making interesting all the questions in connection

with the study of its structural details11. Secondly, it seems that this compound

is the most complex one whose spectrum is subjected to detailed calculation. In

some degree, this calculations determines the present calculational accuracy level

od the contemporary theory.

METHOD

The calculation of the spectrum of the co-polymer is done according to the

method presented in detail in Gribov's monograph8, whose foundations have

been published in 196712-13. This method is based on the fact that the matrices

of kinematical and force constants for periodical molecules (chains) of a finite

length, composed of N repeating structural units (unit cells), have the structure

(1) which can be quasidiagonalized in two steps. Within the equations

r„=/Nxr+-

C/q=/NXl7+—

2

0 1

1 0

0 1

1 0

x(e+e)+-L[ 0 l] X(0-6)

r 2 y — 1 OJn

1 0 1

(1)

2 -10

the symbol x designates the Kronecker product of matrices; T(U) is the kinematic

(force constant) matrix of one unit cell, and 6 (W) is the matrix of kinematic (force

constant) interactions of the two neighbouring unit cells (thase matrices being

of the rfi1 order, n — number of degrees of freedom in the unit cell); /n is the

unit matrix of the Ntt order (N is the number of unit cells in the polymer chain),

a symmetric Jacobi matrix (of the N0* order), having + 1 on second-
foil .

is

LlO N

-principal diagonals and zeros elsewhere,

0 1

-1 0

is an antisymmetric Jacobi

matrix (of the Ntb order), wi]h +1 on upper second-principal diagonal, —1 on

lower second-principal diagonal and zeros elsewhere. Transforming equations (1)

by the matrix £ x In — where the £ is a symmetric orthogonal matrix of the N"1

order, with elements

sr 7T

sin

N+l N+l

, i=l, . . . , N; r= l, N
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s, r — being the indices of rows and columns of £, and Ia — the unit matrix

of the nth order — results in matrices Tp and C/q in the form

r„=/„xr+

Ug=INxU+

cos X (0 +8) + TN x (6 -8)

N+l Jjv

(2)

S7C 1

cos- xClF+H^+rjvxC^-IF);

N+l

where cos 5 — is a diagonal matrix of the iV01 order with elements 5 71 ,

I N+lU N+l

and Fx— quadratic matrix of the N01 order equal to — £\ £. The

2 1-10\N

first two matrix terms, of the n • N** order, in equations (2) for Tv and I7e are

quasidiagonal, with submatrices of the order, given by relations

T$= T+cos -^--(0+0)

N+l

U,= U+cos -H- • (W+ W),

N+l

(3)

this representing the zeroth approximation of the problem with matrices (l).The

part of the Hamiltonian with matrices TatxCO—0) and r^x(W—W) represents

a perturbation. The detailed analysis of the characteristics of IV, shows 8-14 that

for a great number of unit cells (N=30—50) and 5=1, the influence of this per

turbation can be neglected.

As a result, the complete problem of the simulataneous diagonalization of

the n • Af^-order matrices, where N is the number of unit cells in the chain and

n represents number of degrees of freedom in the unit cell, is reduced to solving

of N problems with kinematic and force constant matrices of the form (3). Here

the index 5 takes all cardinal values from 1 to N. The index s represents the number

of halfwaves of the standing wave on the whole chain length. For s=l, the whole

length chain, consisting of N unit cells, contains one half of the wave, for 5=2

the whole wave e. g. two halfwaves etc.

CALCULATION

The co-polymer model under consideration has a translatory periodical

structure (cf. Fig. 2). For the number of unit cells N= 50 and s=l (we are

interested in only IR active vibrations), the zeroth approximation represents prac

tically the exact solution. Therefore, further on we have restricted ourselves to

the zeroth approximation. Hence, the problem has been reduced to calculating

the matrix elements for submatrices T and U (representing matrices of kinematical

and force constants, respectively, for a single unit cell of the co-polymer), the

matrix elements for submatrices 0 and W (representing matrices of kinematic

and force constant interactions of two neighbouring unit cells), to be followed

by the simultaneous diagonalization of two matrices (3). The corresponding ab
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sorption band intensities can be calculated according to the formulas, representing

a generalization of the ordinary valence-optical theory on the objects of periodical

structure13, as we have done in our calculation.

All numerical calculations were performed by computer programs, whose

basic parts are presented in the monograph of Gribov and Dementiev15.

The translatory periodical geometric structure was adopted, with bond

lengths and valence angles chosen in analogy with corresponding structural

elements16-17, with the number of unit cells N = 50.

 

qt =q2 -q) *0,154nm ;qM«0,151nm ; q)J »0,U8nm iq^.OjtOnm ; q, .(XUlnm ;

qi} =0,139nm, qH=0,)l9nm ; qt « q, « q„ = q„ =a»0nm , T\ » T, ■ K ■ Tit »>09,5*;

trios' j^jlnor ; (S.hb.5' ;C"0* ;*£ii9.5* ; <&i>o* ; Bj'.b', . b^ .109,5"

fi',',.120* ; <*,'= 109.5*.

Fig. 2. Spatial presentation of the unit cell of the translatory periodic model of the

co-polymer, poly(2-phenylvinyl ethyl ether)-co-maleic anhydride, with the geometrical

structural parameters involved.

The matrix elements of kinematical and force constants for a single unit cell

and for interactions of the two adjacent ones, were determined as follows. We

have started from the presumption that the chemical bond character in the co-po
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lymer is analogous to the one for similar structure elements in small molecules.

Hence, the force constants and electrooptical parameters for the group including

the benzene ring, were directly transferred from the toluene molecule18. For the

group including the carbon atoms numbered 20-1-2-11 (cf. Fig. 2), the parameters

from the corresponding structural elements in paraffins18 were used. The ethyl-

-like group including the carbon atoms 7 — 10 considered practically analogous

to the one in substituted ethane molecules and its parameters were transferred

from there18, without any change. The detailed analysis of succinic anhydride

vibrations, analogous in structure to the five-sided ring in the co-polymer, have

been studied a long time ago19. However, the electrooptical parameters of this

molecule were not studied at all, and besides that the numerous force constants

turned out to be not entirely justified. Also, it turned out that only the complete

calculation with intensities considered provides a satisfactory interpretation ofthe

spectrum. Therefore, we performed the whole analysis of the solution of the inverse

spectroscopic problem for the succinic anhydride molecule(Part I ofthis paper). Fur

ther on, all parameters of this molecule were transferred in to the corresponding

group in the co-polymer without changes, with exeption of the force constant of the

C = 0 bond, which was necessarily lowered to some degree (from 18.3 to 17.5,

in 1010 m 2 units), to obtain a better agreement of the calculated and experimental

spectrum. It should be pointed out that vibrations of these C = O bonds are re

markably characteristic in frequency and form, so that the change of this force

constant was practically reflected only on the positions of the pair of bands corres

ponding to the C = 0 stretching vibrations in the 1800 cm-1 region. The para

meters of the C—O bonds in the skeleton (between the atoms 2—6 and 6—7,

cf. Fig. 2) were chosen in analogy with the parameters of the C—O bonds in the

five-sided anhydride ring. In that way, the elements of the force constant and

electrooptical parameter matrices of the co-polymer were transferred practically

without changes (with exception of the mentioned C = O bond) from small mole

cules. Therefore, the calculation of the spectrum was of the anticipated character.

There was no special correction in the force and electrooptical fields in particular

structural groups with intention to reach better agreement of the experimental

and theoretical spectrum.

The experimental spectrum of the co-polymer was recorded too. In the

4000 —400 cm-1 region, the spectrum of the co-polymer in a KBr-matrix was

recorded on a Perkin—Elmer 580 grating spectrophotometer. In the far-infrared

region of 400—30 cm-1, the measurement was performed on a Hitachi FIS-3

grating spectrophotometer, with the specimen in the form of a film deposited

on an Al-mirror, by using an acetone solution. The whole experimental spectrum

is shown on Fig. 3 (upper curve).

DISCUSSION

The calculated spectrum is shown in Fig. 3 (lower curve). The complete

calculation, performed on the basis of the given force constants and electrooptical

parameters, gives the frequency positions and absolute intensities of the spectral

bands. To form the complete spectrum as an envelope over all sufficiently active

normal vibrations in a given polymer chain, it is necessary to have data about

the shapes of individual absorption bands. Gaussian shapes were assumed presently.
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Fig. 3. Transmission spectra of the co-polymer, poly(2-phenylvinyl ethyl eter)-co-maleic

anhydride: experiment (upper) and calculation (lower).

It appears that use of any other band shape, e. g. Lorentzian, would not influence

the result significantly.

As concerns band half-widths, there is at present no theory which could

enable an a priori calculation of these parameters. Empirically derived values,

which have been used in numerous polymer calculations6-8 were theorefore applied.

In any case, the choice of half-widths has no significant influence on the agree

ment between theory and experiment, unless a substantial error had been made

in the calculation of either frequencies or intensities.

The complete spectral curve, as the envelope over all particular absorption

bands, is shown in Fig. 3 (lower curve). For more detailed information, vertical

lines (proportional to the relative integral intensities) on the same figure show

the most intense absorption lines which physically form final spectrum.

The good agreement of the calculated and experimental spectra gives the

basis for following conclusions. First, the presumption — that the character of

the chemical bond in particular structural elements forming the co-polymer mono

mer cell is perfectly analogous to the character of the chemical bonds in corres

ponding small molecules — appears correct. Hence, it can be said that there is

practically no difference in the electron structure between the monomer unit

and the polymer chain of the co-polymer under study. Secondly, the good agre

ement of theory and experiment demonstrates the reliability of the calculational

procedure. It can be said with certainty, that spectra of polymers of such complexity,

and even of the more complex ones, can be reliably calculated in the framework

of the existing theory, provided that these systems satisfy the conditions
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which determine the limits of its applicability. This remark refers mainly to the

applicability of the adiabatic approximation and absence of zonal structure for

the ground electron states of polymers.

The good agreement of experiment and theory in the case under study shows

that the theoretical procedure has the possibility to represent all peculiarities of

spectral distribution in this co-polymer. It should be pointed out that the spectrum

is predicted with a sufficiently high accuracy regardless of the great complexity

of the vibrational forms (especially those for the principal chain). The corresponding

absorption bands are formed in a very complex manner. Several structural elements

with different values of electrooptical parameters take part there. Therefore, any

action on the co-polymer skeleton in different points must result in simultaneous

changes of a whole group of absorption bands. This, along with the good agree

ment of theory and experiment, confirms the correctness of the chosen geometrical

model of the co-polymer and the strength of the polymer chain, and agrees with

the practical behaviour of it11.

The great number of degrees of freedom in monomer cells leads to the fact

that most of the vibrations are enclosed inside the cell. Therefore the spectra

of the co-polymer and the monomer practically do not differ.

As a conclusion it can be stated that calculations of polymer spectra can

be, nowdays, performed for very complex objects, even on the level of forming

the spectral distribution curves of the absorption coefficient. The fact that such

calculations are performed on the basis of parameters of individual structural

elements reinforces the interest for detailed calculations of spectra for small and

medium molecules, where along with the usual technique of solving the inverse

spectroscopic problems, straightforward quantum chemical calculations can be

used. The forming of special computer libraries of standard molecular fragments

can completely automatize the calculations of absorption spectra of polymers.
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H3BOJ

nPOYMABAIbE HH^PAUPBEHOr CnEKTPA KOIIOJIHMEPA 2-<t>EHH.lBHHH.I

ETHJIETPA H AHXHflPHM MAJIEHHCKE KHCEJIHHE. II. H3PAHyHABAH,E

CnEKTPAJIHE KPHBE PACnOHE.lE KOE<fcHUHJEHTA AnCOPIIUHJE

O.EJAH H. PAKOBHTi

E,UKuipouiexHUHKU (fiaxyAuieCu Vimsepiuiueiua y Eeotpady, u. up. 816,

] 1001 Eeoepad

CE^A A. CTEnAHJAH ii J1EB A. TPHEOB

Kauiedpa tfiuuxe, Ho.bouputpedHa aicadeMuja ,,K. A. Tujnupja3ee"

A8 — 125008 MocKta, CCCP

IlapaqyHaBaH je Bii5pannoHn cneKTap KonojiHMepa 2-<peHii.iBHHim ernn eTpa h slhxh-

.ipn.ia MancHHCKe KHceJiHHC, mctoaom npeHoca no.iyeMinipHjcKHX napaMeTapa (KOHcrairre ch-

jie h ejiewpoonTHMKH napaMCTpii) a.uiTiiBHiix Mo/iexyjicKHX rpyna. XIo6po cjiaraite eKcnepn-

MCHTajiHor h H3pavyH8Tor cneicrpa noTBphyje ediHKaCHOCT Kopmiiheiba npoueaype h koa

BeOMa CJIOKCHHX XeMHjCKMX CTpVKTypa KOBa^CHTHOr Tima.

(IIpHMJbeito 9. Mapra 1982)
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Experimental data on the liquid-liquid equlibrium fo; two multicomponent

systems: oil distillate — furfural, obtained by extraction of aromatics from the vacuum

distillate of the domestic oil Velebit, were obtained. The multicomponent system oil

distillate — furfuial was investigated in a countercurrent flow on a laboratory battery

of mixer-settler extractors. Reduction of the multicomponent system oil distillate —

furfural to a pseudoternary system nonaromali;s — aromatics — furtural wa^ also

applied.

Oil distillates obtained as particular fractions by vacuum distillation, de

pending on the origin and type of the raw oil, contain the corresponding amount

of aromatic components. Since aromatic carbohydrates are liable to changes caused

by rise in temperature, their presence in lubricating oils has an adverse effect

on their quality. Therefore, the aromatic carbohydrates are being removed from

lubricating oil in the course of refining. The extraction method by selective sol

vents is accepted as more important among the procedures used for the removal

of aromatics. Furfural is one of the most frequently used solvents in industrial

practice1-3.

For the purpose of quantitative characterization of lubricating oil extraction,

it is necessary to determine the equilibrium data for the particular extraction

system.

The aim of our investigations was to determine the equilibrium data for

two selected systems: furfural — oil distillate of the domestic oil „Velebit" by

the method of equilibrium phases and reducing the investigated systems to pseu

doternary ones, involving both the characteristic properties ofthe systems, the relative

density and VGC, and the reduction of the system to nonaromatics, aromatics

and furfural.

In the current investigations the equilibrium for the selected system oil

distillate — furfural was studied in a countercurrent equilibrium mixer-settler

* Paper presented at the 6th International Congress of Chemical Engineering, Chemical

Equipment Design and Automation, CHISA '78, Prague, Czechoslovakia, August 21 — 25, 1978.

(Rrceived 16 January 1982)
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battery on the laboratory scale. These results were compared with the data obtained

by the equilibrium procedure being afterwards correlated.

EXPERIMENTAL

The equilibrium data were determined for two multicomponent systems of practical in

terest: spindle oil, light distillate (SLD) — furfural (designated as system A) and machine oil,

heavy distillate (MD 100) - furfural (system B).

Physico-chemical characteristics of the spindle oil, light distillate (SLD) and the machine

oil, heavy distillate (MD 100) are given in Table I, while the physical properties of furfural are

presented in Table II.

TABLE I. Physico-chemical characteristics of basic oils

Characteristic Spindle oil, Machine oil,

light distillate heavy distillate

(SLD) (MD 100)

Viscosity, 50° 11.47 99.65

vxlO", m2/s 37.8° 14.90 194.20

98.9° 3.00 12.80

Structural group analysis (IR), % :

aromatics 17.0 13.9

paraffins 48.2 51.8

naphtenes 34.8 34.3

Acid number (TAN), mg KOH/g 0.10 0.03

Alkali number (TBN), mg KOH/g 0.01 0.33

Viscosity index 40.00 46.10

Freezing point, °C -41.00 -1.00

Sulphur content, % wt. 0.07 0.06

Coke content, % wt. 0.21 1.74

Ashes content, % wt.

Colour (UNION)

0.02 0.02

2.50 5.00

Refraction index 1.50 1.51

Density at 15.6°, kg/m3 900.0 922.0

Boiling point, °C 166.0 246.0

TABLE II. Physical characteristics of furfural11

Molecular weight, kg/kmol 96.09

Boiling point, °C 161.8

Freezing point, °C —36.5

Density at 20°, kg/m3 1160.0*

Viscosity at 20°, v x 108, m2/s 1.84*

Surface tension at 20°, N/m 0.05*

Refraction index 1.52*

* Experimental values

The equilibrium data were determined by the method of equilibrium phases. The equili

brium was achieved in a single stage mixer-settler at tse temperatures of 25, 60, 80, 100 and 120"

and at atmospheric pressure.

The characteristic properties like density at standard temperature of 15.6°, <f,j| for

both the extract and raffinate (from which furfural has been removed) and the furfural content

in equilibrium phases were used for the presentation od the equilibrium in the studield multi-

component systems.
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The multicomponent system A was investigated in a countercurrent flow at 25° and at

atmospheric pressure. The countercurrent extraction was carried out on a laboratory mixer-

-settler battery extractor (Horbury Technical Services Ltd., Horbury, Great Britain). The battery

was assembled of 5 mixer- settlers of about 320 cm3 total volume. The extractors were made

of glass, the mixing volume zones used were of about 20 cm3 and separating zones of about 36

cm3. The rotation speed of the agitator was constant for all experiments, amounting to 47 ± 2

s-1 5.

The countercurrent extraction in the laboratory extractor was carried out at the following

volume flow ratios of furfural/oil: 1.85, 2.76, 3.07, 3.70 and 6.30. The achievement of the steady

state was followed by temperary sampling of the final extract and by the determination of its

referaction index. The steady state was established after 3 — 4 h.

The sampling was carried out from both phases after the steady state was established.

For the samples taken from each stage, the furfural content (%wt), reefraction index and

the density (djj ■$) were determined.

In the performed investigations the reduction method of the multicomponent system:

oil distillate — furfural to the pseudoternary system: nonaromatics — aromatics — furfural was

applied. This method is based on a simple but general conception.

According to this method the equilibrium data for the multicomponent system, presented

in a triangle diagram by their densities g, were transferred by simple balance into data ex

pressed as pseudocomponents : nonaromatics, aromtaics and furfural. In order to complete the

equilibrium data for the pseudocomponent system, empirical correlations of Hand', Eq. 1, and

Othmer and Tobias7. Eq. 2, were used:

xcb/xbb = />(xca/*aa)9 (1)

(1 — XBB)/XBB = *AA)/*AA]r (2)

where p, q, k and r are constants.

On the basis of these equations the equilibrium data were completed by interpolation

and extrapolation.

RESULTS

Equilibrium data for the system A at temperatures of 25, 60, 80, 100 and

120° are presented on the summary phase diagram, in Fig. 1. Equilibrium data

for the system B at temperatures of 25, 60, 80, 100 and 120° are presented on

the summary phase diagram, in Fig. 2.

 

Fig. 1. Summarized phase diagram for the

system A at temperaturse of 25 (curve 1),

60 (curve 2), 80 (curve 3), 100 (curve 4)

and 120° (curve 5).

 

Fig. 2. Summarized phase diagram for the

system B at temperatures of 25 (curve 1),

60 (curve 2), 80 (curve 3), 100 (curve 4) and

120° (curve 5).
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According to the given diagrams for both investigated systems it is obvious

that there is a decrease of the two-phase, i. e. heterogeneous regions by reference

to the rise in temperature, which is characteristic for the majority of three- and

multicomponent systems8.

Investigating the system A at 120° it was found that the extraction of the

basic oil could not be carried out, since at all furfural/oil ratios, the single phase

region (homogeneous) is involved. Hence, it was necessary to start from another

composition of the basic oil which would enable the existence of two-phase systems.

This oil was obtained by multistage equilibration of the furfural basic oil at 80°.

The raffinate obtained by this procedure, after removing furfural, was used as

the basic oil for equilibration at 120°.

In the case of the system B at 120°, the basic oil and furfural at all investi

gated ratios proved to have two-phase regions.

According to the data obtained by a battery of five mixer-settlers, diagrams

were plotted by reference to the refraction index and density and the flow ratios

of furfural/oil and stage numbers. The increase of furfural/oil flow ratios enables

better extraction of aromatic components from the basic oil, involving thus the

improvement of the lubrication characteristics for the desired extraction products,

i. e. raffinates. Herewith, the expectations were met.

On the basis of experimental data obtained by the extractor battery and the

phase diagram, given by refraction indices at 25°, the solution for equilibrium

stages of the countercurrent extraction was obtained by the graphical method

of Hunter and Nash9. Results of these calculations and the calculation of the battery

efficiency for all cases are shown in Table III.

TABLE III. Data of equilibrium stage numbers and battery efficiency obtained by the

graphical method

Furfural/oil flow ratio 1.85 2.67 3.07 3.70 6.30

Equilibrium stage numbers (rn) 2.20 1.40 1.30 1.10 1.10

Battery efficiency, v) = (»r/»s) 0.44 0.28 0.26 0.22 0.22

Note: ns — number of stages actually used.

The results illustrated in the Table indicate that the calculated number

of the equilibrium stages by the graphical method of Hunter and Nash, on the

basis of equilibrium data obtained by equilibration in a single phase, proved to

be markedly different than the actually used number of stages. According to Sko-

gan and Rogers13 the agreement of experimentally and graphically obtained data

on stage numbers could be achieved by raising the pseudo-pole P into P\ which

was determined in these investigations by the trial-and-error method, Fig. 3.

The results of the application of the Skogan — Rogers equation10 are illu

strated in Table IV. These results indicate a good agreement with the literature data.

The reduction of the multicomponent systems A an B to corresponding

pseudoternary ones was performed by calculational methods. The corresponding

reduction was carried out according to the equilibrium data presented by the
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relative density d™ * on the rectangle triangle diagram with the sides of 150x150

mm. Equilibrium data for the system A are given for temperatures of 25, 60, 80

and 100°, while for the system B they are given for temperatures of 25, 60, 80,

100 and 120°.

Fig. 3. Illustration of the method of Skogan

and Rogers14.

 

TABLE IV. Estimation of the single points from conditions and

equation checks: EiPIPP'+ FE\ = const.

Furfural/oil PP' EiP FEi E!PIPP'+ FEi

flow ratio (mm) (mm) (mm) (mm)

1.85 7.0 156 178 200

2.67 6.5 94 188 202

3.07 5.0 83 189 206

3.70 4.5 66 193 208

6.30 2.5 34.5 200 214

Note: These measurements and the estimates of number theoretical stages were accomplished

on a one-legged rectangle diagram, leg length 20 cm.

Equilibrium data for both oil distillate — furfural systems were transferred

into equilibrium data for pseudoternary systems nonaromatics — aromatics — fur

fural for all equilibrium temperatures by the method described.

In order to obtain equilibrium data for the construction of a complete binodal

line, the empirical correlations of Hand, Eq. 1, and Othmer and Tobias, Eq. 2,

were applied to the equilibrium data of pseudoternary systems. The slope and

intercept of straight lines obtained by the log — log system, the Hand and Othmer-

-Tobias equations, applied to the data for the lines, were calculated by the method

of least squares. These lines were plotted and the data for complete binodal lines

for both systems were obtained by interpolation and extrapolation of the former ones.

Thus obtained data for the equilibrium of pseudoternary systems were

transferred into equilibrium data for multicomponent oil distillate — furfural

systems by inversion of the method applied.
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Phase diagrams, for both systems at 25° were presented to illustrate the

reduction of the multicomponent system oil distillate — furfural to the pseudo-

ternary one. The phase diagram for the system A at the same temperature is given

in Fig. 4, while the phase diagram for the system B at 25°, too, in Fig. 5.

 

Fig. 4. Phase diagram for the system A at

25°, with data obtained by empirical

correlation: o — correlation of Hand;

A — correlation of Othmer and Tobias;

x — experimental data; K — critical point.

Fig. 5. Phase diagram for the system B at 25°,

with data obtained by empirical

correlation: o — correlation of Hand; A —

correlation of Othmer and Tobias; x — ex

perimental data ; K — critical point.

Equilibrium data obtained by the calculations (by reduction of the multi-

component system and by the application of equilibrium empirical correlations)

were compared with the ones obtained experimentally. The deviation square sum

(82) was used as the criterion for the comparison of calculated and experimental

data. This procedure involves, also, the comparison of experimentally obtained

data for the density and those obtained by calculations for the raffinate and the

coresponding extract, as well as the mass fraction of furfural in the equilibrium

stages. Statistical parameters are given in Tables V and VI.

TABLE V. Comparison of experimental and calculated data for the equilibrium

system A: spindle oil, light distillate (SLD) — furfural

Correlation

Temperature, Hand Othmer-Tobias

°C 8!x 103 8° x 104

25 8.11 3.20

60 0.43 0.19

80 0.29 5.52

100 0.73 0.16

According to these Tables it is obvious that the agreement of experimental

and calculated data for the density of extract and raffinate as well as for the fur

fural fraction in equilibrium phases, was better when the empirical correlation

by Othmer and Tobias was applied to the equilibrium data, than the correlation

by Hand.



STUDY OF EXTRACTION CHARACTERISTICS 289

TABLE VI. Comparison of experimental and calculated data for the equilibrium

system B : machine oil, heavy distillate (MD 100) — furfural

Correlation

Temperature, Hand Othmer-Tobias

"C 8sxl03 82xl04

25 7.79 0.35

60 0.73 1.62

80 0.12 4.69

100 0.24 0.11

120 1.80 0.45

The applied reduction method of the multicomponent liquid-liquid system

to a pseudoternary one is general and it can be used as illustation for equilibrium

data in multicomponent systems over the characteristic properties of the system,

such as density, VGC, IV, refraction index, etc.

When the calculated and experimental data were compared, the agreement

proved to be good, leading to the conclusion that the proposed procedure can

be applied for the modification of multicomponent oil distillate — furfural systems.

CONCLUSION

The results of equilibrium data established for two multicomponent systems:

oil distillate — furfural, obtained by extraction of aromatic components from the

domestic oil distillate „Velebit" are presented. Equilibrium data were obtained

at temperatures of 25, 60, 80, 100 and 120°, at atmospheric pressure. These results

were correlated and summarized in phase diagrams.

The multicomponent system spindle oil, light distillate (SLD) — furfural

(A) was investigated on a battery of five mixer-settler extractors in a counter-

current flow. Comparative analysis of the results obtained by this method was

carried out by means of the results obtained by equilibration in a single stage.

This analysis indicated a good correlation.

The reduction method of multicomponent liquid-liquid system to the pseudo-

ternary nonaromatics-aromatics-solvent one was applied. The equilibrium data

for the pseudoternary system were correlated with empirical equilibrium correla

tions, and it was found that the Hand and Othmer-Tobias correlations proved

to indicate extremely good agreements with experimental values.

NOTATION

S2 = 8i + SE — square sum deviation of experimental and calculated values,

N square sum deviation for raffinate for raffinate frac-

*R= 2 (<i£i ~ ^i)2 + (** - )a - tion of bin°dal line,

N square sum deviation for extract fraction of binodal

*-Z&C-<i>« +<£,-*&>•- line,

i=i
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df'ydf' — experimental and calculated values of density of the raffinate at 15.6°,

df,df — experimental and calculated values of density of the extract at 15.6°,

x^, x^- — experimental and calculated values of mass faction of furfural in raffinate,

xf, xf — experimental and calculated values of mass fraction of furfural in extract,

N — a number estimation,

xaa — mass fraction of heavy soluble components in raffinate,

scca — mass fraction of light soluble components in raffinate,

xbb — mass fraction of solvent in extract,

xcb — mass fraction of light soluble components in extract,

VGC — viscosity density constant,

IV — viscosity index.

*
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H3BOJ

HCnHTHBAIfcE EKCTPAKHHOHHX KAPAKTEPHCTHKA BHIIIEKOMriOHEHTHOr

CHCTEMA: CEJIEKTOBAHH HA<1>THH flECTHJIAT— <X>yp*yPAJI

AJIEKCAHIIAP m. TOJUTE, MHJIAH H. COBHJb, GYULA N. VATAI,

EHJLAHA fl. IUKPEHU H JIPArAH Jt. IIETPOBHH

Muciuuiuyui 3a uempoxeMujy , lac, Hcufriuy u xeMitjcxo UKUcenepcuieo, Texno.iouiKU (fiaicyjimeui,

y~Hueep3uuieui y HoeoM Cody, 21000 Hoeu Cad

y obom paay npHKa3aHa cy eKcnepHiweirrajma o,npel)HBaH>a paBHOTOKimx noflaTaua tciho-

-Temo 3a flBa BHiiieKOMnoHeHTHa cHCTeivia: Hacpnni flecmnaT — cbypcbypaji, flo6ujeHa npii eK-

CTpaKimjn apoiwara H3 Banyyiw flecmnaTa flOMahe Hadrre „BeJie6irr". BituieKOMnoHeHTHH chctcm

HacpTHH flecniiiaT — (pypcpypaji HcnirrHBaH je y npoTHBCTpyjHOM TOKy Ha jiaoopaTopHjcKoj

6aTepH)H cacTaDjbeHoj ofl neT eKCTparcropa nina Mema'i-oflBajaq. ripHMeifceH je nocrynaK cbo-

r)eH>a BiniieKOMnoHeHTHor cHCTeiwa HacpTHH flecrouiaT — (pypcpypaji Ha nceyflorpoKOMnoHeirraH

chctcm: Heapo.MarH — apoMara — (pypcpypaji.

(npHMJbeHO 16. jaHyapa 1982)
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The axial radiation intensity distribution was determined for elements of

different ionization potentials present in traces in a d.c. arc plasma. The evaporation

was carried out from the lower electrode (anode) while the shape and diameter of

the upper electrode (cathode) was being altered. The effect of the cathode layer

enhancement of radiation was explained using the spectrographic data as well as

the photographs of the arc plasma.

A d.c. arc, burning between graphite electrodes, represents a spatial

inhomogeneous source of radiation, important for the physical chemistry of plasma

as well as for spectrochemical practice. The axial radiation intensity distribution

is very convenient for determining the essential characteristics of this inhomogeneity.

It is necessary to investigate the influence of different parameters on the radiation

distribution along the arc axis. The particular features of the axial radiation distri

bution depend on the electrode polarity, geometry of electrodes, the length of

the arc gap, the method and rate of sample introduction into the plasma, the arc

atmosphere, the influence of various additions and other external factors (for

instance the presence of a stream of gas or a magnetic field)1.

Keeping in mind that the greatest inhomogeneity of radiation comes of the

radiation density enhancement from the cathode layer, the influence of the cathode

geometry on the shape of plasma (excited, luminous plasma zones) and on the

axial radiation distribution, was studied in the present paper. Although the cathode

layer enhancement of spectral line intensity was described in the classical works

of Mannkoppf and Peters2-3 as well as in many other papers, the complete explana

tion of the effect has not been yet provided. In this work special attention was

paid to the interpretation of the phenomena in the vicinity of the cathode.

EXPERIMENTAL

The axial radiation intensity distribution was determined for elements of different ioniza

tion potentials present in traces in a d. c. arc plasma. For this purpose the slit of a Zeiss PGS-2

spectrograph was inhomogeneously illuminated. In such conditions of illumination to each point

in the source corresponds a point on the slit. The projection of the arc image onto the slit was

performed in proportion 1:1.

293
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In all the investigations the vertical free burning d. c. arc was used. The electrode gap

was 6 mm and the arc current intensity 10 A. Exposure and pre-exposure times were 10 s and 1 s,

respectively.

The axial relative radiation intensity distributions were determined for elements whose

contents in the sample were of the order of 10~' g/sample. Evaporation was carried out from the

lower electrode (anode) of the type Ringsdorff No. RW0078, which was filled with 10 mg samples

of graphite powder to which the oxides of elements to be investigated were added. While the

shape of the lower electrode remained the same, the shape and diameter of the upper (cathode)

electrode was altered throughout the experiment. The different types of cathodes are shown in

Fig. 1.

10mm

IP I I V

ABC

nrym ^ U

Ir.l

F G

Fig. 1. Different types of the upper

electrode (cathode)

20

10

U U 3,6 k» K

2, mm

Fig. 2. The axial radiation intensity

distribution calculated according of to P

and /-transformations

The absorbance was measured along the spectral lines at every 0.3 mm step in the gap.

The measured absorbance was converted into the spectral line intensity using the P-transforma-

tion method4. The results obtained were checked by parallel calculations according the /-trans

formation (Fig. 2). It was found that there was no essential differences in distributions in this

comparision, so the P-transformation was used throughout the entire work. The averaging of the

results, obtained from the series of threein dependent measurements for each step along the arc

axis, was done.

In order to improve the concept of the cathode geometry influence on the axial intensity

distribution, the plasma of the arc burning under the same conditions as in the case of axial di

stribution recording, was photographed. Having in mind that the exposure time in the axial

distribution determinations was 10 s, the photographing was carried out after 10 s from the be

ginning of the arc burning. Use was made of the same cathode shapes as in the spectrograph^

determinations while the type of the anode remained the same.

RESULTS AND DISCUSSION

The axial relative radiation intensity distributions normalized to the anode

are shown in Fig. 3 for elements In and Zn (whose ionization potentials are 5.38

and 9.39 eV resp.) for different cathode types. We employed such a type of cathode

for which we anticipated that it will contribute to better understanding of cathode

layer enhancement of radiation. Each of the observed electrodes has a little tip

in the centre so the arc can burn more steadily5-6.
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The diagrams obtained for the axial distribution of relative spectral line

intensity show that the shapes of distributions in the vicinity of the anode

and in the arc column are similar for different types of cathodes and for all the

»4»
Zn vn.tim

4 Zn 307.tnm

a w y. v ifi k

i (am)

a u v. w a k
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U

Fig. 3. The axial spectral line in

tensity distributions of radiation

emitted by In and Zn for different

cathode shapes
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elements investigated. The radiation density slowly decreases with the increase

ofthe distance from the anode surface. In the cathode vicinity the radiation density

shows a significant increase approaching the cathode. This increase depends on

the ionization potential of the element investigated and on the cathode type, which

is not a new conclusion7. The distance from the lower electrode, where the radiation

density begins increasing, is also the function of the ionization potential of the

element and the cathode shape. A minimum on the axial intensity distribution

curve can be found, and if it is closer to the cathode surface, the ionization poten

tial of the element is lower. This distance nears the anode with the ionization

potential increase.

In the histogram shown in Fig. 4, the enhancement factors are plotted as

function of the ionization potential of the elements studied and of different cathode

shapes (these values are in correlation). These factors are obtained as a ratio of

intensity in the cathode layer and that in the arc column (in the middle of the

arc gaP)-

The greatest cathode layer enhancement of radiation density can be noticed

for the cathode types A and G which are similar in shape and dimension (only

in the case of cathode A there is a crater concentric with the central tip). The

existence of another concentric hole in the case of cathode D, which is of a bigger
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diameter than cathodes A and G, decreases the cathode layer enhancement effect.

Using the cathodes D and E, a similar effect is achieved. The lower cathode layer

enhancement factor was found when cathode B was used, while the lowest factor

was noticed for cathodes C and F.

'ret
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Fig. 4. Ratio of the ionization potential of elements to the enhancement factor

(ratio of intensity in the cathode layer to that in the arc column) for different cathode

types

Photographs of the arc plasma, i. e. their shining zones, are shown in Fig. 5.

If we are dealing with narrow tapered electrodes, e. g. of shapes C and F, the

arc plasma is the broadest, it is carried by the convection streams so that it extends

beyond the tip around the electrode. A broad flat electrode, of type B, except

for the cathode spot, is considerably cooler during arc burning. The plasma app

roaches the electrode only in the cathode spot and „runs away" from the relatively

cooler edge of the electrode. A similar situation is with cathode D. This electrode

is similar in shape with cathode A, but its diameter is bigger and except for the

hot tip, the edge of the electrode is cooler. In the vicinity of electrode D plasma

behaves as in the case of a broad flat electrode (B). In both cases (B and D) plasma

is spherical and is contracted towards the cathode surface8-9. In the case of an

electrode of type E, plasma also approaches only the hot tip of the electrode but its

contracted zone is masked by the electrode edge. So the plasma is broader in the

vicinity of cathode E than in the vicinity of cathode B. According to the spectro-

graphic data there is a great enhancement of spectral line intensity at the shorter

distance from the cathode. In this case, the convection streams are probably changed

in the pheripheral zones. Here, the arc is burning more steadily than with cathode

B. In the case of electrodes A and G, except for the hot tip of the central narrow

part of the electrode (cane) the edge of the crater is also very warm and arc plasma

approaches most closely the hot edge of the cathode which emits electrons, too.
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The results of spectrographic determinations as well as the analysis of the

arc plasma photographs enable us to draw the conclusion that the cathode layer

enhancement of spectral line intensity depends on the shape and the diameter

of the electrode. This is in agreement with the assumption of Smirnova and Krin-

berg10 that the particle density in the vicinity of the cathode and the radiation

 

Fig. 5. Photographs of arc discharge for different cathode shapes

density too, are dependent on the cathode geometry. But, according to their as

sumptions, the broad flat electrode as a mechanical obstacle should have caused

the greatest accumulation of particles and as a consequence the greatest radiation

emission from the cathode layer. From our results, however, it is evident that

there is no essential difference in cathode layer enhancement factors for two extreme

cases — a broad flat electrode (type B) and narrow tapered electrode (type C)

which, on the contrary, would cause the lowest retention of particles in front of

the cathode. On the other hand, if the cathode effect on the particle (and radia

tion) density distribution would amount only to the action of a mechanical obstacle,

which would stop the flow of particles, then, for the same type of cathode, there
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would not be any difference in the cathode layer enhancement factors for the

elements of different ionization potentials, which is not the case according to our

results.

In our opinion, the cathode layer enrichment is affected by the configuration

of the cathodic electric field, which is determined by the shape of the electrode.

From the given photographs it may be seen that there is a difference in plasma

shapes for different types of the upper electrode. The greatest cathode layer en

hancement of radiation density is achieved in the case when the arc plasma most

closely approaches the hot cathode parts, while the transport processes allow the

longest retention of particles, due to the action of electrical forces in the cathode

vicinity.

CONCLUSION

On the basis of the results presented we can conclude that the cathode geo

metry affects the axial spectral line intensity distribution, especially the cathode

layer enhancement. Of practical interest is the inference that the electrode shapes

A and G are the most suitable for spectrochemical determinations in the region

adjacent to the cathode. We can recommend the use of these cathode types in

spectrochemical analysis of traces by the cathode layer technique.

At the same time, these results are of importance for the explanation of the

cathode layer enhancement of radiation and for the improvement of the theory

of particle density distribution11-12. The role of the cathode, which retains the

particles, cannot be interpreted as a simple mechanical obstacle; the configuration

of the electric field caused by the cathode shape and the degree of the cathode

heating is of paramount importance for the retention phenomena. In the cases

of cathodes A and G the arc shining zone is most close to the electrode hot portions.

It is then to be expected that there, in the vicinity of the cathode, but beneath

it, ions will remain longest and that, consequently, the effect on the particle trans

port velocity in this region will be the greatest which will result in higher particle

and in higher radiation densities.
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ИСПИТИВАЊЕ АКСИЈАЛНЕ РАСПОДЕЛЕ ИНТЕНЗИТЕТА ЗРАЧЕЊА

ЗА РАЗЛИЧИТЕ ОБЛИКЕ КАТОДА

ИВАНКА Д. ХОЛЦЛАЈТНЕР-АНТУНОВИЂ, ВИДОСАВА M. ГЕОРГИЈЕВИЂ и

ВЛАДИМИР M. ВУКАНОВИЋ

Институт за физику, ft. пр. 51, I \00\ Београд u Институт за физичку хемију Природно-

-математииког факултета, п.пр. 550, 11001 Београд

Аксијалне расподеле интензитета зрачења одређиване су за елементе различитих

потенцијала јонизације присутних у траговима у плазми лука једносмерне струје. Испара-

вање је вршено из доње електроде (аноде) док је облик и дијаметар горње електроде (катоде)

мењан. Ефекат прикатодног појачања зрачења објашњава се коришћење.ч спектрографских

података као и сни.мака лучне плазме.

(Примл>ено 22. фебруара 1982)
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YTHIJAJ HEKHX KATJOHA HA MEXAHH3AM H KHHETHKY

EJIEKTPOTAJIO)KEH>A H PACTBAPAIEA EAKPA

3BOHHMHP R. CTAHKOBHTi

TexHUHKii (fiaKyjiuieui y Eopy, yiiueepsuiuetu y Eeoipady, y/t. JHA 12,

19210 Bop

(FIpHMJbeHo 12. Maja 1980; peBHAHpaHo 2. anpmia 1982)

yranaj npHcycTBa y khccjiom cyjKparao.M ejieKrpoJiHTy, joHa Na+, Zn2+,

Mn2+ h NH44", Ha MexaHH3aM h KHHeraKy aHojnror pacTBapaiba a KaToflHe Aeno3HU>ije

6aKpa, HciiHTHBaH je KopnuiheH>e.\i rajiBatiocraTCKe Merofle. Ha ocHOBy AooHjeanx

BpeAHOCTH 3a KHHenwKe napasieTpe, yTBpfteHo je jja npHcycTBO NH4+ joHa Hima

HHXH6HpajyhH yranaj, npHcycrao Na+ H Mn!+ joHa Heiwa yrauaja a npHcycrao

Zn2+ joHa Hiwa KaTajornraKe ecpeicre, Ha ejieKTpoxeMHjcKH nponec pacTBapan>a

h fleno3HUHje 6aKpa y cyjieparaoM CHCTe.My.

EaKap cnafla y rpyny Merajia 3a Kojy je, ca rjieflHiirra Mexamraiwa h KHHCTHKe

npoueca pacTBapa&a h ejieKTpofleno3Himje, no caaa caKym&eH HajBehn 6poj

eKcnepHMeHTajnnK no/jaTaKa h Koja je Hajoojbe TeopercKH ooparjeHa1. ynpKoc

TOMe, H3HeHar)yjyha je tmBbeHHua fla je iwano noflaTana o KaTajranwiaiM hjih

HHXH6HpajyhHM edpeKTHiwa crpaHHx KaTjoHa Ha npouec pacreapaBba h ejieKTpofle-

no3nuHje Sanpa2. . '

C o63Hpojw aa ce y KOMepuHjajiHHM nocrynuHMa 6aKap /jo6Hja hjih pacpHHHiue

noMohy pacrBopa KojH yBen, y BHfly npniweca, ca,qp>Ke h crpaHe KaTjoHe, to je,

nopefl TeopeTCKor, h on npaKTH^or Hmepeca no3HaBaTH Taj yTHHaj.

EKCnEPHMEHTAJIHA TEXHHKA

Pe3yjrraTH cy AO&rjeHH KopmuheH>eM anapanreHor h MeTOAoJioiiiKor apamKMaHa kojh je

fleTajbHO oruicaH paraje2,3, na he obom npnjiHKOM 6hth H3HeTH caiwo Haj6HTHHjn aeTaJtH y BesH

ca THM.

PaflHa ejiewpofla SHJia je Ha<uiH>eHa oa njiaTHHe a o6jnn<a ccpepe npeMHHKa 0,55 mm,

CAiemreHa yHyrap cnupaJiHe noMotme eJiercrpoAe inja je noBpmima 6ana 300 nyra Beha oa no-

Bpuimie paflHe. H Ha noMohnoj h Ha pa^noj eJieKrpoAH TanoxceH je cjioj 6ai<pa rycTHHe crpyje

oa 15 mA cm-2 3a Bpeiwe oa 30 min H3 HcimraBaHor pacrBopa. JKima oa cneKTpocKoncKH qHcror

6aKpa Ay>KHHe 4 cm a npemmKa 2 mm, KopmuheHa je Kao peipepeirraa 6ai<apHa ejieicrpoAa.

PaanHKa noTemmjajia H3iwet)y npnnpe.MJbeHe paAHe ejieicrpoAe h pecpepeHTHe 6aKapne ejieicrpoAe,

6HJia je, y cbhm cjiyrajeBHiwa Man>a oa 5 mV y oAcyerBy npoTOKa crpyje.

TajiBaHOCTaTCKe KpHBe cmiMaHc cy npH jawum CTpyjmix Hivinyjica oa 0,001 ao 10,0 mA

iHje ce Bpawe TpajaFba KpeTajio 200 ms, 3a mwce jawnie crpyja, ao 1 ms 3a bhuic Kao B3Bop

crpyjHHx nyjiceBa KopmnheH je cicnon ca<uiH>eH oa reHepaTopa HMnyjica ran AMEL Milano

Mod. 566, h noTeHujiocraTa-rajmaHocTaTa ran AMEL Milano Mod. 551.

Bp3Hna KpeTaH>a enerapoHCKor MJia3a Ha ocimjiocKony (ran Tektronix 549 B) no^euiaBana

je TaKO a» ce Ao6Hje CTaimonapHH A«o ranBaHocraTCKe Kpuse.
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302 3. A. CTAHKOBMTi

HcnuTHBaiba cy JMBobeHa KopiruiheibCM CHHTeroHKor ejieRTponirra npnnpeMaHor Ofl

xeMBKajuija Merck KBajiHTera, wja je KOHueHTpaimja y norjie/ry cyMnopHe KncejmHe, KynpH-jona

h crpaHHX jona (MaHraHO, uhhk, HflTpHjyM h aMOHHjawHor) H3Hociuia: 1,5,0,7 h 0,01,0,1,

0,2 h 0,4 mol/dm3 pecneKTHBHO. CBa MepcH>a H3BeaeHa cy Ha TeMnepaTypH on 303 K.

PE3YJITATH H flHCKYCHJA

KBa3H-craiTHOHapHe BpeAHOCTH Ha^HanoHa npn pa3jnmHTHAi rycraHaMa crpyje

OAper)HBaHe cy H3 rajiBaHOcraTCKHX kphbhx h HCKopmnheHe 3a Ao6HjaH>e Tadpeiio-

bhx 3aBHCHOCTH 3a aHOflHH h KaTOflHH rrpouec h 3a CBara oa HcnHTHBaHHX pacTBopa.

BpeAHOCTH HaAHanoHa TadpenoBHX 33bhchocth Ha cjiHKaMa 1,2, 4n5, rrpnKa3aHe

 

lg j,[mAcrr?]

CnHKa 1 Figure

3aBHcnocT HaflHanoHa oa Jio-

rapHTMa rycnme crpyje npn

paamrquTHM KOHueirrpatmja.wa

(mol/dm!) joHa Na+ y pacTBO-

Bopy:

Dependence of the supertension

on log current density for diffe

rent Na+ concentrations (mol/

/dm3) in solution.

O - 0,005, x - 0,05,

▼ - 0,15, A - 0,30

cy y OAHOcy Ha 6aKapHy pedpepeH-nry eneicrpoAy, ^jn je noTemrHjaji y oAHOcy

Ha 3acHheHy Ka^oMeJiOBy ejieKTpoAy y cbhm HcnHTHoaHHM pacTBopnuvia h3hoch

oko 76 mV. Ha obhm cJiHKajwa nyHHM Kpy>KHhHMa cy irpmcasaHe TadpejiOBe 3a-

bhchocth 3a „pe(pepeHTHH" pacrBop (pacrBop y KOAie HHje 6hjio crpaHHX xaTjoHa

Beh ca»io 0,7 mol/dm2 Cu2+ h 1,5 mol/dm2 H2S04).

3a cBe HcrrHTHBaHe pacrBope AoSnjeHH cy KaTOAHH TadperaoBH HarnGH 2>k

OA oko 115 mV, a aHOAHH fea oa 48 — 50 mV. OAroBapajyhH KoedpHHHjeHTH npe-

Hoca cy ajc=0,52 h aa=l,25±0,15.

36np KoediHiuijeHaTa npeHOca ak h aa je 1,77±0,15 h 6jiH3aK je TeopHjcKoj

BpeAHOCTH4 oa 2. C o63HpoM Aa cy Here BpeAHOCTH Tadpe^oBHX HaraGa h KoediH-

UHjeHaTa npeHOca AoGnjeHe h 3a „ped)epeHTHH" pacrBop, MO>Ke ce 3aKJBymTH

Aa npHcycTBO crpaHHX KaTjoHa, TaKBHX Kao ihto cy: Na+, Zn2+, NH+ h Mn2+,

y HCHHTHBaHOM HHTepBajry KOHAeHTpaiuije oa 0,02 ao 0,4 mol/dm3, HeMa yrauaja

Ha MexamuaM aHOAHor pacTBapaH>a h KaTOAHe Aeno3HirHje 6aKpa y KHcejio-cyji-

(paTHOM pacTBopy.
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BpeflHocra rycTHHa crpyje H3MeHe floSnjeHe y pacTBopaMa y KojHiwa jc, y

OAHOcy Ha „pe(j3epeHTHH" pacrBop BapnpaHa KOHuempairHja Na+ joHa y oncery

oa 0,005 ao 0,3 mol/dm3, Here cy Kao h 3a pedpepeHTHH pacrBop, aiHKa 1, h

CjuiKa 2 Figure

3aBHCH0CT HaflHanoHa oa jio-

rapiiTMa rycraHe crpyje npH

paamnorrHM KOHuetrrpauHjaMa

(mol/dm2) joHa Zn2+ y pacr-

Bopy:

Dependence of the supertension

on log current density for diffe

rent Zn2+ concentrations (mol/

dm3) in solution

O - 0,02, x - 0,10,

T - 0,20, A - 0,40

 

Igl.QmA cm2]

TaSjmua I. Obo ynaayje Aa npHcycrBO Na+ joHa y pacreopy y KOHiieHTpauHjH ao

0,3 mol/dm3, HeMa yratraja Ha KHHemKy h Mexamreaiw aHOAHor pacrBapaH>a h

KaTOAHe Aeno3HUHje 6aKpa.

TABJ1HUA I TABLE

KHHerowH napaMeTpH aHOflHor pacreapaiba h KaTo/rHor Tano>Keit>a 6anpa

(0,7 mol/dm8 Cu2+, 1,5 mol/dm8 H2SO4)

Kinetic parameters of the anodic dissolution and cathodic deposition of copper (Solution: 0.7

mol/dm8 Cu2+, 1.5 mol/dm3 HaS04)

GrpaHH KaijoHH (;0)a

Foreign cations (mol/dm8) mA/cm2

Oo)k

mA/cm2

ft.

mV

*k

mV

Kb

Na+ 0,005

0,05

0,15

0,3

5,0

*,1

4,1

4,1

4,1

9,0

7,8

7,8

7,8

7,8

48

48

115

US

1,25

1,25

0,52

0,52

Zn2+ 0,02

0,1

0,2

0,4

4,76

5,4

7,4

1A

8,15

10,0

14,8

17,0

50 114 1,20 0,52

Mn2+ 0,02

0,1

0,2

0,4

3,8

5,3

3,8

3,8

7,8

11,1

7,8

7,8

50 115 1,25 0,52

NH4+ 0,02

0,1

0,2

0,4

3,3

3,3

2,0

2,6

7,0

7,0

4,7

5,9

48 120 1,25 0,5
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3a pacTBope y KojHMa je MeitaHa KOHueHTpaiiHja Zn2+ joHa y oncery oa

0,02 30 0,4 mol/dm3, /jo6njeHe BpeAHOcm 3a rycniHy crpyje H3MeHe, cjiHKa

2, h Ta6jiHiia I, yKa3yje Aa npn KOHueHTpaiinjaMa Zn2+ joHa BehHM or 0,1 mol/dm3

nocrojH HeKH KaTa^HTHraKH edieKaT Ha npouec aHOAHor pacrBapaH>a h Ka-roAHe

fleno3HUHje 6aKpa.

IB

e

\
o

Q5

 

0.1 0.2 03

CZn (n)/M

0/.

CjiHKa 3 Figure

3aBHCHocT norapHTMa rycraHe

CTpyje oa KoHueirrpaujije Zn2+

joHa y pacTBopy

Dependence of log current den

sity on Zn2+ concentration

Ha ocHOBy pe3yjrraTa npHKa3aHHX Ha gjihuh 3, KBaHTHTaraBHo 6h ce Taj

KaTajiHTHMKH edpeKaT Zn2+ joHa wiorao aa HCKa>Ke eiwnHpHjcKoiw penanHjoM:

0'o)k =9,0 exp (0,86 CZn)

Oo)»=5,Oexp (0,86 CZn)

0)

(2)

rae cy Oo)k H (;'o)a — rycTHHe crpyje H3iweHe aHOflHor h KaTOflHor npoueca, pec-

neKTHBHO, a Czn — MOJiapHa KOHueinpairHja Zn2+ joHa y pacTBopy.

IIpefleKcnoHeHirHjajiHH (paicropH 9,0 h 5,0, y pejiauHjaMa (1) h (2), rrpcii-

CTaBjbajy BpeflHocra rycTHHe crpyje H3MeHe KaTOAHor h aHo^Hor npoueca, pec-

neKTHBHO, 3a cjrynaj na^a y pacTBopy HHcy npHcyraH Zn2+ joHH.

IlpHcycrBO Mn2+ joHa y KOHiieHTpairHjH oa 0,2 no 0,4 mol/dm3 H3nieAa,

Ha ocHOBy pe3yjiTaTa npHKa3aHHX Ha cjihuh 4, h Ta6jiHHH I, fla cjihmho Na+ joHy,

HeMa yrauaja Ha MexaiaoaM h KHHemKy aHOAHor pacrBapaHia h KaTOflHe fleno3raiHje

Sanpa y cyji(paTHOM pacrBopy.

H3BecHa oACTynaH>a,flo6HjeHa npH KOHijeHTpairHjH Mn2+ joHa oa 0,1 mol/dm3,

npe 6h ce Monia npHrmcaTH HeKoj eKcnepHMeHTaimoj rpeiuirH Hero KaTanHnnrKOM

AejcTBy Mn2+ joHa, npH HaBefleHoj KOHijeHTpaHHjH.

Pe3yjrraTH 3a rycTHHe crpyje H3MeHe Ao6HjeHH y pacTBopniwa y KojHMa je,

iUeitaHa KOHueHTpaiiHja NH+ joHa y HHTepBany oa 0,02 ao 0,4 mol/dm3, aiHKa

5, H TagjiHua I, yKa3yjy Ha H3BecTaH HHXHGitpajyhH ecpeKaT NH+ joHa, c o63HpoM

Aa cy CBe bpcahocth rycTHHa CTpyje H3MeHe, nn>Ke oa AoSnjeHe bpcahocth 3a

pedpepeHTHH pacrBop.
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llano cy npHKa3aHH pesyjrraTH h KBajiHTaTHBHH h KBaHTHTaTHBHH no cboj'hm

BpeAHocTHMa, ohh He oMoryhauajy gaBaibe er3aKTHHjnx h renepajiHHjHX TeopnjcKHX

o6jaiLiH>eiia eBHAeHTHpaHHX yntnaja. OTy^a ce Mopa npH3Hara p,a nopeKJio Ha-

BefleHHX echenaTa HHje cacBHM jacHO. Kao je^HO op, Moryhnx o6jamK>eH>a AuhH

Crimea 4 Figure

3aBHCH0CT HaflHanoHa ofl jio-

rapHTAia rycnffle crpyje npn

paarnraHmw KomieirrpauHjaMa

(mol/dm2) joHa Mn2+ y pacr-

Bopy.

Dependence of the supertension

on log current density for diffe-

fferent MnJt concentrations

(mol/dm3) in solution.

O - 0,002, x - 0,10,

▼ - 0,20, A - 0,40

 

log j[mAcrri!]

h capaflHHUH8 HaBOfle noBeha&e 6p3HHe HyKJieairaje npHcycTBOM crpaHHX KaTjona.

OSjamibeibe Koje ^aje Schmickler9 3acHOBaHO je Ha echeKTHiwa eJieKTpocraTHiKe

aflcopmnije KaijoHa *m]e irpHcycrBO y a^copSaTy peMerii ctpyKTypy flBojHor

CnHKa 5 Figure

3aBHCH0CT naAHanona on. no-

rapHTMa rycniHe crpyje npH

paammiTHM KOHueHTpauMjaivia

(mol/dm2) joHa NH4+ y pacT-

Bopy.

Dependence of the supertension

on log current density for di

fferent NH4+ concentrations

(mol/dm3) in solution.

O - 0,02, X - 0,10,

* - 0,20, A - 0,40

 

1 2

Igi.CmAcm"2]

cnoja h ciwaH>yje hjih noBehaaa 6p3Hiiy ejieKroxeMHjcKe peaionije. Conway h

capaflHHHH 10 ca CBoje crpaHe pa3Bnjajy T3B. ccpepHO-paBaHCKH npeKJianajyhH MO^eji
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3a Me^yAejcTBO ximpaxHcaHHx joHa y flBojHOM cnojy, je^HHX ca apyrHM h ca

opHjeHTHcaHHM MOJieKyjiHMa BOAe Ha ejieKTpoflH, a KojH Tanolje MOH<e nocjiywn™

npH TyMa^ieiby nojaBe y Be3H ca HHXH6HpajyhnM hjih KaTajmraiKHM aejcrBOM

CTpaHHX KaTjoHa.

Mel)yTHM, cnrypHo je p,a ce 3a flasaHbe BepoaocTojHHx o6jaunfceH>a, Mopa

pacnanaraTH ca aajieKO BehHM Spojeiw eKcnepHMeHrajiHHX noaaTaKa, ho iuto je

to ca^a cnyyaj .

3AKJLYMAK

Ha ocHOBy npHKa3aHHX pe3yjnaTa MOH<e ce 3aKibyqHTH cjieaehe:

1 . ITpHcycTBO joHa: Na+, Zn2+, Mn2+ h NH^ HeMa yrauaja Ha MexaHH3aM aHOAHor

pacTBapa&a h KaTOflHor Tajion<eH>a Saupa y khccjihm cyjKpaTHHM pacTBopHMa.

2. Johh Na+ h Mn2+ He yrH«jy Ha KHHeTHKy aHOflHor pacTBapaita h Kai-oflHe

fleno3HUHje 6aKpa.

3. Johh Zn2+ noKa3yjy H3BecHO KaTarnroraKO aejCTBO Ha irpouec aHOflHor pacrBa-

paaa h KaTOflHe fleno3HUHje 6aKpa, noje ce iwowe HCKa3aTH eMnnpHjcKOM

pejiaimjoM: (jo)a,k=^ exp (0,86 Czn), npn newy je O'o)a,k — rycraHa crpyja

H3MeHe aHOflHor oahocho KaTOflHor npoueca, A — npefleKcnoHeHinijaiTHH

(paKTop MHje cy 6pojHe BpeflHOcm 5,0 h 9,0 (mA cm-2), 3a aHOflHH h KaioaHH

nponec, pecneKTHBHO, h Czn — MOJiapHa KOHueHTpaunja Zn24 joHa y pa-

CTBopy.

4. Johh NH+ HMajy H3BecH0 HHXH6Hpajyhe aejcrBO Ha npouec ejieKTpoaeno3H-

unje h pacTBapaH>e 6aKpa.

Moryhe Teopnje Koje 6h ce Morjie hckophcthth 3a TyjviaMeH>e HaBeflemix

nojaBa, croje y Be3H ca ojipetjeHHM npoMeHaiwa y CTpyinypH flBojHor cjioja.
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SUMMARY

EFECT OF SOME CATIONS ON THE KINETICS AND MECHANISM OF

ELECTRODEPOSITION AND DISSOLUTION OF COPPER

ZVONIMIR D. STANKOVIC

Faculty of Engineering at Bor, University of Belgrade,

YU-19210 Bor, Yugoslavia

The influence of the presence of Na+, Zn2+, Mn2+ and NH4+ ions on the kinetics and

mechanism of anodic dissolution and cathodic deposition of copper, in an acidic sulphate system,

was investigated using the galvanostatic method. The obtained kinetic parameters indicate that

presence of NH4+ ions has an inhibitory effect, the presence of Na+ and Mn2+ has no effect,

while Zn2+ ions produce a catalytic effect on the kinetics of both dissolution and deposition of

copper.

(Received 12 May 1980; revised 2 April 1982)
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Raman intensity measurements were made of aqueous zinc(II)-thiocyanate

solutions containing various ratios of total zinc to total thiocyanate. These results

revealed the formation of stepwise series of complexes, Zn(NCS)Jj~n (n = 1 to 4).

From the intensity changes, the 793 cm-1 band was attributed to 1:1 complex

species with the zinc atom surrounded by thiocyanate and water molecules in octa

hedral coordination, while the 824 cm-1 band was assigned to higher complexes in

which the zinc atom is in tetrahedral coordination. The logarithms of the cumulative

stability constants Pi -04 are 0.70, 1.87, 1.60 and 2.07.

Of the methods used for studying complex ions in aqueous solution, none

is more direct than the measurement of Raman spectra of solutions. This method

is direct in that each different complex species present should exhibit its characte

ristic vibrational spectrum thus giving possibility for both defining and detecting

complex ions in aqueous solutions.

Aqueous complexes of Zn(II) with SCN~ have been studied recently by

Raman spectroscopy1-2. These studies have been concerned primarily with the

stoichiometry of the complexes formed. However, there are some disagreements

between the results obtained by two groups of authors. Strommen and Plane1

interpreted the Raman spectra of the investigated system in terms of a formation

of four members of the stepwise series of ZnCNCS)^-" (n = 1 —4), but Manouvrier

and Devaure2 could not find evidence for the presence ofZn(NCS)2 and Zn(NCS)s~

in their investigation of the influence of pressure on the complex formation.

This work was undertaken in order to reinvestigate the stoichiometry of

the complexes formed in the zinc — thiocyanate — water system, as well as to

determine their stability constants.

EXPERIMENTAL

All chemicals used in this work were of analytical reagent grade.

The solutions studied were prepared from stock solutions of Zn(C104)s and NaSCN. The

former was prepared by mixing of stoinchiometric amounts of ZnO and standardized HCIO4.

The zinc concentration in the stock solution, which was the source of both the zinc and perchlorate

ions, was checked by titration with EDTA.

309
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Raman spectra were recorded at ambient temperature on a Spex 1401 Spectrometer using

the 514.5 nm line of a Spectra Physics Model 164 argon ion laser. Band contours of each inve

stigated solution were resolved assuming Gaussian band shapes. The relative intensities of resolved

bands were obtained by comparing the area of the band in question with that of the 933 cm-1

band of CIO4- recorded immediately before and after. The intensities of the latter for each so

lution were corrected to that a 1 mol/dm3 concentration.

In order to establish the baseline, the spectra of pure aqueous solutions of Zn(C 10.1)2

and NaSCN were used. All spectra were calibrated against wavenumbers of CIO4- and they are

believed to be accurate to ± 2 cm-1.

RESULTS

Figure 1 shows the Raman spectra of three solutions with different NCS~

to Zn(II) ratios in both C—N and C—S stretching regions.

 

As it can be seen, each solution exhibits new bands in addition to free thio-

cyanate vi(C—N) and v8(C—S) bands at 2068 and 747 cm-1, respectively. The

intensity of these new bands, which are located at 793, 824 and 2110 cm-1, change

markedly as the total thiocyanate to total zinc ratio is changed. It was therefore

apparent that they arise from separate chemical species.
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The band at 793 cm-1 is evident in the spectra of solutions with low [SCN-]/

/[Zn(II)] ratios. The band at 824 cm-1 appears with increasing the ligand-to-metal

ratio and it grows in intensity at the expense of the 793 cm"1 band. Therefore,

our observation indicates that the latter band belongs to complexes with a lower

ligand-to-metal ratio, while the 824 cm-1 band is due to higher complexes. A

less distinctive change occurs in the V3(C—N) stretching region. Namely, only

one new band was found here. Its intensity varies with the solution composition

too. It is difficult to assign this band to a particular complex species. It is pro

bably an unresolved band due to all complexes formed in solution.

In order to determine the intensity and the stability of the complexes formed,

Raman spectra of four series of solutions, prepared in accordance with the mole-ratio

method, were recorded. The zinc concentration in these series were 0.2, 0.3, 0.4

and 0.5 mol/dm3. The spectra of each solution were resolved as described above.

The average ligand number « was found using the relation n =(Cl—Cf)/Cm>

where Cl and Cf denote the total ligand and metal concentrations, and Cm —

the concentration of unbound thiocyanate in the same solutions. The latter was

found as the ratio of curve resolved intensity and the molar intensity of free thio

cyanate band, evaluated in a manner proposed by Irish et a/3.

It was found that n has a maximum value of 3.5 in the studied concentration

range (Fig. 2), indicating the absence of complexes with a higher order than 1 : 4.

The obtained results indicate also the formation of mononuclear species only

because data from four different series lie on the same curve.

 

Fig. 2. Average ligand number h against free thiocyanate concentration for

mole-ratio experiments: □ — 0.2 mol/dm3; x — 0.3 mol/dm3; • — 0.4

mol/dm3 and O — 0.5 mol/dm3.

Figure 3 shows the change of the relative intensity of the combined 824

and 793 cm-1 bands against the [SCN]/[Zn(II)j ratio in investigated solutions.

Gradual levelling off at relatively low ligand-to-metal ratios in each case indicates

a fair stability of the complexes formed.
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We have calculated overall stability constants Pi—(34 for four members of

the stepwise series Zn(NCS)^_" (n = 1 —4) starting from the equation

__piCF+2p2C2+ . . .

n-l+piCF+PaC2+...

i.<H

>■

 

Fig. 3. Relative integrated intensity of the combined 824 and 793 cm"1

bands against thiocyanate to zinc mole ratio: □ — 0.2 mol/dms Zn(II);

x - 0.3 mol/dm3 Zn(II); • - 0.4 mol/dm3 Zn(II) and O - 0.5 mol/dm3

Zn(II).

TABLE I. Stability constants for Zn(II)-thiocyanate complexes

Method* Medium* log pi log |3i log (Js log £4 Ref.

Ram var 0.70 1.87 1.60 2.07 this

work

Ram var 0.14 1.87 2.30 2

pol 3 NaC104 -0.14 0.90 1.20 1.29 4

ir var 0.91 5

pol 2 KNO3 0.48 0.84 0 1.30 6

MgH 3 KNO3 1.46 2.17 2.34 2.01 7

* Ram = Raman spectra; pol = polarography; ir = infrared spectra; MgH = e.m.f.

with amalgam electrode; var = ionic medium varied.

The obtained values are summarized in Table I and compared with those found

in literature4-7. As can be seen, the results obtained presently agree best with
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the data of Manouvrier and Devaure2. Despite the disagreements with the others,

all values show that the complexes formed do not exhibit very high stabilities.

Curves of the degree of formation of each epcies, «, are illustrated in Fig. 4.

06

OS

04

i

03

02|

01

\ Zn (M

ZntNCS)}' /

Zn(NCS)«
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Fig. 4. Formation curves: a against log free thiocyanate concentration.

Extrapolations were made to lower concentrations using the calculated (Ji

because as log Cf becomes smaller than —1.6, only one complex species concen

tration is significant.

DISCUSSION

The SCN- ion is linear belonging to the Gov symmetry point group. It

has three fundamental vibrational modes: vi(2+)=2070 cm-1, V2(I1)=460 cm-1

and vs(S+)=747 cm-1 corresponding approximately to C—N stretching, doubly

degenerate SCN- bending and C—S stretching respectively. But, on the coordina

tion of the SCN~ ion to the metal, the position of these bands are changed depen

ding od the site of ligand bonding. It is well established that complexation of the

ion through the N atom results in an increase up to 90 cm-1 in the vs frequency

and up to 40 cm-1 in vi, while the complexation through the S atom results in a

decrease of up to 55 cm-1 in vs and accompanying in vi up to 70 cm-18.

Our results (Fig. 1) show that the SCN" ion binds Zn(II) through the nitro

gen end. Existence of two bands in the C—S stretching region indicates an existence

of more than one complex in solution but it does not necessarily mean that only

two species exist in solution as assumed by Manouvrier and Devaure2. These

complexes could be polynuclear species, geometrical isomers or members of step

wise series.

Existence of polynuclear complexes could be excluded on the basis that all

values of the average ligand number, n, obtained from different series of experi
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ments, lie on the same curve (Fig. 3) indicating that only mononuclear species are

formed. The absence of such complexes is supported by other our results. These

are the lack of any band in the 100—259 cm-1 region, where one would expect

to find symmetric metal-metal stretching frequencies if the Zn(II) moiety existed

in solutions, as well as the lack of bands around 720 and 2150 cm-1, which are

characteristic for bridging through SCN~. On the other hand, the unequal changes

of intensity of the 824 and 793 cm-1 bands with varying of the [SCN]/[Zn(II)]

ratio, indicate that they must arise from species with different stoichiometry.

Thus, our results can be interpreted only in terms of an existence of a stepwise

series of Zn(NCS)j|~" in which the Zn(NCS)42- complex is the highest member

(Fig. 2).

We have assigned the band at 793 cm-1 to the Zn(NC)+ species because

it has a sharp maximum when the [SCN_]/[Zn(II)] ratio is equal to 1. The intensity

of the 824 cm-1 band was increased gradually from zero to the maximal value

while the ligand-to-metal ratio changed from 0.5 to 4. We assigned therefore this

band to all other members of the stepwise series. It appears that the C—S fre

quency of higher complexes is not so sensitive to the number of ligands bound

to metal to be resolved for each member of the series.

It is widely accepted that Zn(II) is octahedrally coordinated by six water

molecules in aqueous solution. It appears that substitution of one water molecule

by the thiocyanate ion does not change the geometry of the complex. Addition

of more than one ligand to the central atom causes a change of the octahedral

coordination, resulting in an increase of the V3(C— S) frequency from 793 cm-'

to 824 cm-1. From the simple bond polarizability theory one would expect that

complexes with higher numbers of charged ligands scatter at lower frequencies.

Since experimental results reveal oposite features, the only way for Zn(II) to

attain stronger interaction with a higher number of ligands is to change from octa

hedral to tetrahedral coordination. This is further supported by the fact that Zn(II)

forms tetrahedral complexes with halogen ligands.

H3BOA

nPOYHABAIfcE HHTEPAKUHJE Zn(II) H THUHJAHATHOr JOHA

METOflOM PAMAHCKE CriEKTPOMETPHJE

AHKHUA AHTHTi-JOBAHOBHH, MHJIOPAfl JEPEMHTi h CHEHCAHA KOBAMEBHTi

Muciuuiuyiu ia (fntiuuxy xeMujy npupodno- MaiueuaiuuHKoz tfaaxyAiueuia yrnueep3uuieuia y Eeoipady,

it. up. 550, 11001 Eeoipad

HcnnTHBaH>e pawaHCKHX cneKTapa bcwhhx pacTBopa cMeuie Zn(C104)a h NaSCN no-

Ktt3ajra cy npHcycrBO cepHje Ko.wnJieKca Zn(NCS)^" (n— 1—4). Ha ochobv npoMeHe inrreH-

3HTeTa Tpaxa yTBptjeHO je aa Tpana Ha 793 cm+1 ncmree op. vs(C—S) BH6pamije KOMiuieKca ca

CTCXHOMeTpHjcKKM oahocom Zn(II): NCS+ jeflHaKHM 1:1, ,hok Tpaxa Ha 824 cm-1 nonwe ojx

va C—S) BH6paiwje TCTpaeAapcKnx KOMiuieKca KojH ca/jp>Ke Bttme ofl jeflHor THoiwjaHaTHor

joHa. JIorapinaMCKe BpeAHocro KOHcraHaTa CTa6H^HocrH Pi—(34 (popMHpaHHx KOMiuieKca H3Hoce:

0,70, 1,87, 1,60 h 2,07.

(HpHAUbeHO 4. fleueMSpa 1981)
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The domestic plant genus Laserpitium (fam.

Umbelliferae) consisting of L. siler L., L. lati-

folitan L., and L. marginatum L. has been in

our laboratories a subject of an extensive

chemical investigation on the sesquiterpene

lactone contents, and new substituted guaiano-

lides have been isolated1. Aussming that all

guaianolides in plants of the same genus are

formed using the similar biosynthetic mecha

nisms, we subjected one of these new guaiano

lides (I) to X-ray structure determination in

 

order to establish the absolute configuration at

the asymmetric centres C— 5, C— 6, C— 7, C— 8

and C— l2. Thus as shown in formula I, the

true stereochemistry of these centres (being

laH, 5PH, 6aH, 7aH, and 8<xH) has been

attained, but it should be noted that it differes

slightly from the findings of other authors3.

In order to secure other substrates for

checking our stereochemical model set forth

above, we continued our search for other

guaianolides in the plants of genus Laserpitium.

Thus, from the plant L. alpinum L. (collected

on the mountain Vranica, Bosnia) we isolated,

employing the usual procedure, two new com

pounds, as follows :

guaianolide II: molecular formula CaoHsaOs

(346.41); melting point 67°,

[a]g-41.75° (c=0.32 chl.);

sesquiterpene (pseudoguiane) III:

molecular formula CnHs40a

(394.49);

melting point 137°; [a]™-

-59.56° (c=0.64 chl.).

H}C-C-H

 
H3C-C-H

«

C-CH3

00

0

Is—t-OH

til

The structures of the new products were

deduced based on the analysis of their lH NMR

spectra characterizing signals which are given

in Table I. It can be seen that guaianolide II

TABLE I.

'H NMR data for compound! II and III (taken in

deuterochloroform)

Protons Compound II Compound III

C-2 5.08 dd 5.35 td
7-7 Hz, J- 10 Hz 7= 4 Hz, J- 10 1

C-3 5.35 m
C-6 4.76 d _

7 = 2 Hz
C-8 — 5.00 d

7-6 Hz
C-9 - 5.00 d

/=6Hz
C-9 3.00 d

7-6 Hz
C-13 1.26 1 0.90 d

7-7 Hz
C-14 1.30 • 1.46 a
C-15 1.88 ■ 1.31 a
Ac 2.13 a
Ang 1.81, 2.03 1.98, 2.11
H-eater 6.08 m 6.20 m
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does not fit completely into the envisaged

stereochemical pattern set out above, having

a different orientation of the hydrogen atom

at the C — 6 asymmetric centre. This dis

crepancy can be explained in terms of the

existence of an oxide bridge connecting C — 10

and C— 7 atoms. Presumably, inversion around

the C— 5 — C-6 bond must take place

in order to satisfy the proximity factor for

the precursor OH-groups involved in the

oxide ring formation.

H3B02

CECKBHTEPIIEHCKH J1AKTOHH 3A EHjBHE BPCTE LASERPITIUM ALPINUM L.

((paiw. UMBELLIFERAE)

MMCWAT TiEPMAHOBHTi, CJIOBO^AH MJIAHEHOBHH, HHKOJ1A PHCTHH*

h MHJIYTHH CTE*AHOBH-fi

XeMujCKu tiHcmumym Tlpupodw- MamtMamuHKOi tfaxyAmema, Beoipad,
*Ilo t-oupiufwOim $anyAmem V'Huacpiumema y Eeoipady u VlHcmumym sa xcjuujy, mcxHOAomjy

u MtmaAyptujy, Btotpad

XpoMaTorpatpHjoM Ha CTy6y Si02 H3 npe- crajma cecKBirrepncHa, II h III, koju cy ane-

^HuiheHor XJiopocpopMCKor pacraopa AOMahe HTHihtiKOBaHH Ha oatoBy 2H NMR cneKTapa.

DHJbae Bpcre Laserpitium alpinum L. (150879,

BpaHHita, BhX), itmuoiiaiia cy ,ma iioita i<pn- (UpHMJbeHO 1. anpHJia 1982)
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Five plant species of the genus Tanacetum L.

(T. parthenium L., T. vulgare L., T. macrophyll-

um Willd, T. cotymbosum L., and T. serotinum

L.) have been throughly chemically investigated

on the contents of sesquiterpene lactones. It was

found that this genus contains three types of

these compounds: eudesmanolides, germacrano-

lides and guaianolides. The common characteri

stic of all the lactones isolated is the presence

of an alpha-methylene-gamma-lactone ring

which is admittedly responsible for generating

biological acitivity in these compounds1.

The plant species Tanacetum macrophyllum

Willd was collected on the Goi mountain,

SR Serbia, in 1978. After drying, the plant

material (aerial parts) was pulverized and ex

tracted with chloroform. The purified chloro-

formic extract, obtained through the usual

work-up procedure2, was chromatographed on

a silica gel column and, after ehition with

benzene/ethyl acetate with increasing incre

ments of ethyl acetate, gave as one of the

more polar products crystalline guaianolide ha

ving the following physico-chemical characteri

stics:

Molecular formula CisHieOs (278.29);

Melting point: 249°C.j

[a]g+ 26.72° (c=0.6chl.);

IR (KBr disc); 3450, 1760 and 1680 cm"1;

MS : 278 (molecular ion), 260 (278 - 18).

These data, considered together with the

pertinent NMR data (Table I), proved that the

guainolide isolated is chrysartemin A isolated

by Romo et al., from a different plant source3,

(Formula I, R=H):

By heating lactone I (R=H) with Ac20,

the corresponding acetate (la; R=Ac) was pre

pared. The structure of this acetate was con-

firmed by interpreting its 1

(Table I):

H NMR spectrum

R0 1
O,/

0

1 R=H

[aR=Ac

TABLE I.

*H NMR data for compounds I and la*

Protons Compound I Compound la

H-2 3.66 d, /=1.5Hz

H-3 3.28 d,/-1.5Hz

H-6 4.41 t, /-ll Hz

H-13a 5.38 d, 7-3.5 Hz

H-13b 6.23 d, 7= 3.5 Hz

H-14 1.43 s

H-15 1.20s

Ac

3.71 d, 7-1.5 Hz

3.38 d, 7-1.5 Hz
4.23 t, 7-11 Hz

5.58 d, 7-3.5 Hz

6.33 d, 7= 3.5 Hz

1.53 s

1.30 s

2.13 s

Tlie spectrum of I was taken in deuteroacetone; the

spectrum of la was taken in deuterochloroform.
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H 3 B O A

XEMHJCKO HCIlHTHBAIfeE flOMA-RE EHJbHE BPCTE TANACETUM

MACROPHYLLUM WILLD (Compositae)

HHKOJIA PMCTH'B, MHOflPAT "BEPMAHOBHTE, CJIOEOflAH M.TAflEHOBirB, AJIBKCAHHAP

JOKJTfi ■ MHJIYTHH CTE*AHOBJTE

XtMujcxu uHcmumym npupodno - MamtmamuHKOi fcutyjuiuma Eeotpad,

Ho wuptupedHu faxytmem yHutcpnanema y Emtpady u ffHcmumym sa xemujy, nuxHOju>iujy

U Memaayptujy, Etotpad.

XpoMaTorpa(J>HjoM Ha crry6y SiOi H3 npe-

mnuheHor xnopodiopMCKor eKCTpaicra AOMahe

GnibHC Bpcre Tanacetum macrophyllum Willd

(260578), CTpMeHHua—Ton CPC) HaoJioBaHa

je npBH nyr m oBe (Shahc Bpcre Kpscnuma

cyncraHua I, Koja je HfleHTHCpHKOBaHa Ha

ocHOBy IC h lH NMR cneKrapa.

(IIpHMJbCHO 2. anpana 1982)
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Telekia speciosa species has been already a

subject of chemical investigations1. In addition

to acetylenic derivatives, three eusdemanolides

{1, 2, and 7) have been insofar isolated2. How

ever, a reinvestigation of the aerial part of Yugo

slav species (collected, on the Got Mountain,

East Serbia, 210778) has shown that in addition

to the sesquiterpene lactones /, 2, and 7 (alan-

tolactone, telekin and isotelekin), two new

pseudoguaianolides(j)and (6) are being present,

having an inverse configuration of CHs-group

on C— 10 of lactone skeleton, recently also iso

lated by Bohlmann8-8.

i

^^t^^^^ ^^^^1^ ^^^^jjAo

I

^T^-^T* ^i^^^8 ^^?^ir^0

O M* 112*

 

MPi20S,#

W» 120,38
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The two new eusdemanolides (5) and (S)

have been also found, 5 being the epoxidation

product of the exomethylenic group in posi-

tion-4 of telekin (2), and the latter compound

(8) being 2a, 3a-dihydroxy derivative of alanto-

lactone (7). Moreover, a germacranolide (4*),

already isolated from diferent plant sources*, has

been also found in this plant.

The structures and configurations of the

new constituents have been established by

interpreting spectral evidence recorded (Table

I). Besides, the known telekin has been correla

ted to the new lactone (5) by a simple epoxida

tion reaction with MCPBA in ether solution.

Additionally, a few unknown derivatives

(9, 10, and 11) of lactones (J) and («) have

been synthetized through the appropriate che

mical transformations.

No. Molecular

formula

(M. W.)

Cl5H>o04

(264.31)

8 C16H20O4

(264.31)

TABLE I. m NMR data for compounds 5 and 8

>H - NMR (CDCU)

8 (ppm).

IR (KBr)

v (cm-1)

c- 7 3.33 m OH 3500

c- 8 4.61 m Y-lactone 1760

c- 13 5.61 d C=CHi 1680

J= 1.5 Hz conjug. 828

J = 1.5 Hz

6.20 d epox. 1265

c- 14 1.08 s

c- 15 2.78 s

c- 2 3.45 m OH 3300

c- 3 4.45 m Y-lacotne 1780

c- 7 2.91 m C=CHi 1680

c- 8 4.58 m conjug. 830

c- 13 5.65 d C=CHs 1670

6.20 d 880

c- 14 0.83 s

c- IS 4.74

5.11

MS

mje

Analysis

C H

264 (43%) 68.16

219 (100%) 67.95

7.63

7.64

Calcd.

Found.

264 (12%) 68.16

228 (100%) 68.34

7.63

7.70

Calcd.

Found.

H 3 B O A

CECKBHTEPriEHCKH JIAKTOHH H3 jyTOCJlOBEHCKE EHJBHE BPCTE

Telekia speciosa (Scherber) Baumg. (Compositae)

CJIOEOflAH MJIAAEHOBHH. MMJIYTHH CTE<I>AHOBH^ H MHO,HPAr BEPMAHOBH-R

XcMujcKU uHCiuuiuyui Tlpupodho - MauieMauiuuKo; jtaxyjauema, Eeotpab, ii. up. 550,

11001 Beoipad u Mucuiuiuyui 3a xeMujy, utexnoAoiujy u Meuiaj\ypiujy, Eeotpad

XpoMaTorpadntjoM Ha cry6y CHJiHKa-rejia

H3 npemnuheHor xJiopocbopMCKor eKcrpaKTa

AOMahe 6mbHe Bpore Telekia speciosa (210778,

Toi, CP Cp6nja) H30jiob8hh cy nopea no cafla

no3HaTHX 1, 2, 3, 4, 6 h 7 h flBa hobb 5 h 8

»mje cy crpyKType o^pebeHe Ha ocHOBy rrpoy-

HiBOKA lH NMR, IR cneicrapa. npon3BOflH

9, 10 H 11 CHHTeTH30BaHH Cy aUCTH TOBaH>e.M H

enoKCKAainrjoM npoH3Boaa 5 h 8.

(ITpHMJbeHo 12. anpiuia 1982)
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In connection with a study of neighbouring double bond participation in

cyclohexenylalkyl systems the correlation of titrimetric rate constants (At) was applied

for the acetolysis of the isomeric cyclohexenylmethyl and 2-cyclohexenylethyl brosy-

lates, with Taft's constants. Kinetic measurements have shown that kt for 2-cyclo-

hex-2-enylethyl and cyclohex-3-enylmethyl brosylates as well as for the correspond

ing saturated analogues corresponded to unassisted processes. Rate enhancement

due to double bond participation was observed in the acetolysis of 2-cyclohex-l-enyl-

ethyl, 2-cyclohex-3-enylethyl and cyclohex-2-enylmethyl brosylates. The rate con

stant for cyclohex-l-enylmethyl brosylate was higher compared to saturated ester.

This rate enhancement was attributed to the conjugative effect of the double bond.

The participation of the neighbouring double bond in the solvolysis of iso

meric cyclohexenylmethyl and 2-cyclohexenylethyl esters has been the subject of

interest from the theoretical as well as synthetic points of view1. These investigations

were based on reaction product analysis and on the comparison of the rate constants

with the constants of saturated analogues. It was concluded that double bond

participation accompanied by rate enhancement is observed when the double

bond in the cyclic system is separated from the carbon carrying the leaving group

by an odd number of carbon atomsla. Evidently this observation points out the

dependence of the participation on the transition state geometry, corresponding

to the possibility of the double bond to compensate the electron deficiency on

the alpha carbon in the transition state.

In an attempt to obtain quantitative information concerning the dependence

of the participation on the double bond position, we applied the correlation of

solvolytic rate constants for the compounds being investigated with the rate con

stants of related model alkyl systems using Taft a* constants26. The constants

used in this work are based on the fundamental definition of a* in terms of rates

of acidic and basic ethyl ester hydrolysis3. This approach assumed two separated

and independent pathways (unassisted and assisted) implicit in the mathematical

form of the equation kt = Fk& + ks4.

The solvolysis of the cyclohexenylethyl and cyclohexenylmethyl brosylates

was studied in acetic acid since most of the data concerning the solvolysis of cyclo

hexenylalkyl systems reported in the literature apply to the same solvent5.

323
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In connection with the study of the acetolysis of cyclohexenylethyl systems

the rate constants for cyclohex-l-enyl and cyclohexylethyl brosylates were deter

mined. The results for 2 and 3 isomers have already been reported and they are

included in Table I together with our experiments.

TABLE I. Rate constants of acetolysis of cyclohexenylethyl brosylates at 75°C.

Compound Ms"1)

2-Cyclohexylethyl brosylate»,1)

2-Cyclohex-l-enylethyl brosylate

2-Cyclohex-2-enylethyl brosylate0

2-Cyclohex-3-enylethyl brosylated

(2.77±0.1) x 10-«

(1.72±0.1) x lO-4

2.02 x 10-«

7.40 x 10~«

a) Ref. la *t

3r

3.50 x 10-« s"1, b) Ref. lc *t = 2.00 x 10 a »-*, c) Ref.la d) Ref, lc

RPH.CHPB*

HOAc : 75°C

P=-U7

0lb

oft

OHi

0R,

FU

otu

Rs

 

Fig. 1. Rates of acetolysis of 2-cyclohexenylethyl brosylates at 75°

versus the a* constants (r = 0.9983, s = 0.0048)

The slower rate of the acetolysis of the isomer with the double bond in posi

tion 2 compared to the saturated analogue, conforms well with the electronegative

characteristics of sp2 carbon atoms, at the same time indicating the absence of the

double bond interaction. This was proved by the correlation of the titrimetric

rate constants of these two compounds with the corresponding Taft a* constants3

which appeared to be linear (Fig. 1).

Since the inductive effects of the double bond can only be unfavourable

for the acetolysis, the rate enhancement which was observed (compared to the

saturated analogue) for the isomers with the double bond in positions 1 and 3,

evidently demonstrates n electron interaction. The hydrolysis of 2-cyclohex-l-enyl-

ethyl brosylate yields two rearranged alcohols: 65% spiro(2.5)ocatnol-(4), 33%

bicyclo(4.2.0)octanol-(l) and 2% 2-cyclohex-l-enyl ethanol1" (Fig. 2).
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From the acetolysis of 2-cyclohex-3-enylethyl brosylate and treatment of the

product with lithium aluminium hydride, an alcohol mixture was obtained whose

analysis showed 20% 2-cyclohex-3-enylethanol and 80% of a 54 : 46 mixture of

bicyclo(2.2.2)-octanol and fran$-(axial)-bicyclo(3.2.1)octanol, respectively10 (Fig. 3).

 

2-cyclohex- l-enylethyl brosylate

 

spiro(2.rj)octanol-(4) bicyclo(4.2.0)octanol-(l)

Figure 2.

This shows that these two esters solvolyse predominantly by anchimerically assisted

ionization.

The additional evidence that double bond participation must be a major

factor for the rate enhancement was also obtained by the correlation of kt with

Taft a* constants (Fig. 1). This correlation supports the assumption that the

acetolysis of these two compounds can be adequately interpreted assuming two

independent processes: double bond assisted (Fk&) and solvent assisted (&s)4.

The ks line was defined by the acetolysis rate data reported in the literature for

3-cyclopentylpropyl11'3, 2-cyclopent-2-enylethyl11. 3 and 3-cyclopent-3-enyl-

propyl3-6 which are known to undergo acetolysis by a solvent assisted pathway.

The dissection of the overall rates (kt) into Fk& and kB) according to the

applied procedure, is presented in Table II. In the last column are given product

data analysis reported in the literature for the compounds being investigated,

which show satisfactory correlation with our results.

Our study of the acetolysis of cyclohexenylmethyl brosylates besides the

saturated analogue included two unsaturated isomers with the double bonds in

positions 2 and 3. The rate constant for isomer 1 was calculated from the nosylate
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2-c>clohex-3-enylethyl brosylate

I 

£2. ^

bicyclo (2 . 2.2) -octanol trans-(axial)-bicyclo(3.2.l)octanol

Figure 3.

TABLE II. Dissection of the titrimetric rate constants (*t) into the assisted (F*a) and unassisted

(At) components.

Compound FftACs"1) (FkAlkt)

Observed by

reaction pro

duct an.

2-Cyclohex- 1 -en-

ylethyl brosylate

2-Cyclohex-3-en-

ylethyl brosylate

x 100

1.82 x 10-«

2.24 x 10-«

1.70 x 10-*

6.20 x 10-«

95 99

70

98*

3.3 80*

a) Ref. Id b) Ref. lc

(fcunsat rons=1.47x 10~5) using Arons/Arob8= 2.9. This coefficient was calcu

lated as the ratio of rate constants of saturated brosylate and hosylate (&sat eonb=

= 5.4 x 10"6). The results are given in Table III.

The decrease of the rate constant for the 3-en isomer compared to the satu

rated analogue can be attributed to the inductive effect of sp2 carbon atoms (&sat/

/^un sat =2.8).

TABLE III. Rate constants of acetolysis of cyclohexenylmethyl brosylates at 75°C.

Compound Ms"1)

Cyclohexylmethyl brosylate

Cyclohex-3-enylmethyl brosylate

Cyclohex-2-enylmethyl brosylate

Cyclohex-l-enylmethyl brosylate

(1.86 ± 0.2) x 10-<

(6.60 ± 0.2) x 10-'

(1.22 ± 0.1) x irr«

(5.07 ± 0.1) x 10-«
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The literature data on the acetolysis of primary alkyl brosylates7'8(extrap-

olated at 75°C) defined a straight line when plotted against the appropriate a*

values9 (Fig. 4). The point for the 3-en isomer fits on the correlation line, suggesting

the absence of participation. The same conclusion was achieved in the work of

Wilcox and Chibberlb who investigated the solvolysis of cyclohex-3-enylmethyl

tosylate in different solvents.

The rate enhancement which was observed for the 2-en isomer (Aunsat/^8at=

= 65) evidently suggests tz electron interaction. The correlation of kt with Taft's

a* constants has shown that this isomer solvolyses almost entirely through an

anchimerically assisted route: FkA X 100/£t=99.8 (*8=1.73 X 10-'; F&A=1.218x

x 10-4).

The rate constant for cyclohex-l-enylmethyl brosylate was higher compared

to the saturated ester. Consequently, the point for this compound deviates from

the correlation line by an amount which corresponds to a rate factor of about 2.7.

The deviation from the correlation line for this compound could be attributed to

the conjugative effect.

The negative p* values for she acetolysis of cyclohexenylmethyl (p* =

= — 3.33) and cyclohexenylethyl brosylates (p*= — 1.17) indicate in both cases the

transition state with the electron-deficient a carbon atom. The ratio of these two

constants (2.84), demonstrating the attenuating effect of the methylene group,

agrees well with the values obtained in other systems reported in the literature10.

 

Fig. 4. Rates of acetolysis of cyclohexenylmethyl and primary alkyl

brosylates at 75° versus the a* constants (r = 0.9772, s = 0.046).
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EXPERIMENTAL

2-Cyclohexylethyl alcohol. Commercially available (Fluka), [lit.,1" bp 100-102° (9 mm)].

2-Cyclohex-l-ertylethyl alcohol. Cyclohex-l-enyllithium was prepared by the method of

Braude and Coles11 from 29 g of 1-chlorocyclohex-l-ene11 and 2.5 g of lithium. Ethylene oxide

was added dropwise over a one hour period to an ethereal solution of the lithium reagent. After

it warmed to room temperature, the mixture was hydrolysed with a saturated aqueous solution

of ammonium chloride. After work up in the usual way, the product was distilled, giving 5 g

(16%) of an alcohol boiling at 100-104° (13 mm), nDm 1. 4886 [lit.,1' bp 74-75° (2 mm), no20

1.4878].

Cyclohexylmethyl alcohol. Commercially available (Fluka), [lit.,13 bp 82 — 83° (16 mm),

bdm 1.4621].

Cyclohex-l-enylmethyl alcohol. The alcohol was prepared in 60% yield by lithium alumin

ium hydride reduction of cyclohex-l-enecarboxylic acid14 bp 137° (15 mm), »d!5 1.4978 [lit.,15

bp 134-135° (11 mm), wd80 1.4875], according to the usual procedure1' bp 70° (10 mm), hd80

1.4931, [lit.,1' bp 98 -99° (27 mm), hd" 1.4905].

Cyclohex-2-enylmethyl alcohol. This alcohol was prepared in 68% yield by condensation

of cyclohexene with formaldehyde18, bp 87- 88° (13 mm), »d" 1.4812 [Ut.,18 bp 85-90° (10-25

mm), wd85 1.4782-1.4840; bp 184-187° (atm), nD25 1.4825].

Cyclohex-3-enylmethyl alcohol. The alcohol was prepared in 75% yield by the procedure

described for cyclohex-l-enylmethyl alcohol, bp 94-95° (13 mm), no20 1.4853 [lit.,18 bp 102°

(19 mm), «dS6 1.4828].

Sulphonate esters.

Bromobenzenesulphonates — The p-bromobenzenesulphonate esters were prepared by the

method of Youssef and Sharaf for the 2-cyclohex-l-enylethyl brosylate1*.

Nitrobenzenesulphonates — The p-nitrobenzenesulfonate esters were prepared by the

method of Lee and Wong for the cyclopentenylethyl nosylate".

The yields and other data for the bromobenzenesulphonate and nitrobenzenesulphonate

esters are presented in Tables IV and V.

TABLE IV. Summary of physical data.

Ester

2-Cyclohexylet-

hyl brosylate

2-Cyclohex-1 -en-

ylethyl brosylate

Cyclohexylmethyl

brosylate

Cyclohex-2-enyl-

methyl brosylate

Cyclohex-3-enyl-

methyl brosylate

Cyclohexylmethyl

nosylate

Cyclohex-l-enyl

methyl nosylate

Yield

(%)

Mp°C

Obs Lit

IR (cm-1)

75 - 36 37»

70 46

73 41 42-43b

76 oil

72 32-33 234-35°

80 90-91

45 oil

2950 (CHa), 1645 (C= C),

1580 and 1460 (arom. H),

1393 and 1190 (OSOz).

2930 (CHa), 1650 (C= C),

1575 and 1460 (arom. H),

1395 and 1190 (OSOs).

2960 (CHs), 1640 (C= C),

1580 and 1460 (arom. H),

1390 and 1190 (OSO2).

2920 (CH2), 1600 (C = C),

1575 and 1460 (arom. H),

1400 and 1200 (OSOs).

2930 (CHs), 1630 (C=C),

1580 and 1460 (arom. H),

1395 and 1190 (OSOs).

2920 (CHs), 1610 (C = C),

1580 and 1460 (arom. H),

1380 and 1185 (OSOs),

850 (C-N).

2930 (CHs), 1615 (C=C),

1575 and 1470 (arom. H),

1390 and 1190 (OSOs),

850 (C-N).

a) Ref lc, bi Ref 8, c) Ref 20.
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TABLE V. Summary of analytical data.

Ester %c %H Purity"

Calcd Found Calcd Found (%)

2-Cyclohexylethyl brosylate 48.42 48.21 5.47 5.23 96

2-Cyclohex-l-enylethyl brosylate 48.68 48.23 4.29 4.38 99

Cyclohexylmethyl brosylate 46.84 47.00 5.10 5.01 97

Cyclohex-2-enylmethyl brosylate 47.14 47.12 4.53 4.68 95

Cyclohex-3-enylmethyl brosylate 47.14 46.98 4.53 4.32 95

Cyclohexylmethyl nosylate 52.17 52.05 5.68 5.52 96

Cyclohex-l-enylmethyl nosylate 52.52 52.40 4.37 4.55 98

a) Estimated from the infinity titer.

Kinetic measurements. The solvolysis was conducted in glacial acetic acid containing suffi

cient sodium acetate to neutralize the p-bromobenzenesulphonic acid which is liberated during

the reaction. The unreacted sodium acetate was titrated with perchloric acid at appropriate time

intervals.

The reagents used were standardized as described by Walborsky, Baum and Youssef21.

Titrations were carried out with 5 ml micro-burets, using bromophenol blue indicator (1% solu

tion in glacial acetic acid) and the end-point was approached from the acid side. The compound

to be solvolysed was weighed into a volumetric flask and made up to volume with the sodium

acetate solutions (0.03 — 0.04 mol/dm8). The amount of material used was calculated so that the

solution would still contain sodium acetate at the end of the reaction.

The ampoule technique was employed throughout the rate measurements21.

The infinite titres for three separately prepared solutions with the same amount of ester

for each case agreed to less than 1%.

In all cases the acetolysis proceeded to ca. 70% completion and the values of * were cal

culated from the expression k =2.303/1 x log (a—x), (by the method of least squares with at

least 10 data points in each experiment) where a being the initial concentration of esters in mo

les/liter, t the elapsed time and x the concentration of consumed base.

*

The authors acknowledge the financial support of the Association of Science of the So

cialist Republic of Serbia, Belgrade.

H3BOJI

(WE'BHBArbE HtiUYKTHBHHX H AHXHMEPHO ACHCTHPAHHX EOEKATA Y

AUETOJIH3H UHKJIOXEKCEHHJIMETHJI H 2-UHKJIOXEKCEHHJIETHJI

EP03HJIATA

rOP^AHA C. HHKOJIHH, MHPJAHA T. COKOJIOB n MHJIAH fl. MyniKATHPOBWB

Kaiuegpa sa opiancxy xeniujy, TexHOAOuiKO-MeuiajiypuiKU jiaKyAiueiu, yhueepmiueui y Eeoipagy,

11000 Eeoipag

Y oKBHpy npojraaBa&a napTHmmaintje ABocrpyKe Be3e Kao cyceflHe rpyne y peaiarajaMa

cojiBOJiH3e, KopeJiiicaHe cy THTpHMerpiijcKii oApehene KOHCTairre 6p3HHe aqerojrn3e (ftt) mo-

Meprotx itHRjioxeKceHHJLweTHji h 2-uriKJioxeKceHHJieTHJi 6po3HJiaTa ca TadrroBHM a* KOHCTaii-

TUia. KHHeTH'iKa Mepeiba cy noKa3ana Aa kt 3a 2-irjtKJioxeKC-2-eHHjreTHJi h uHKJioxeKC-3-eHHJi-

Memn 6po3aftaTa Kao h 3a onroBapajyhK McuheHH aHajior oaroBopa HeacHCTHpaHOM npouecy.

rioBehaH>e 6p3HHe ycneA napnuninauHje ABocrpyKe oese yoieHo je koa aueTOJiii3e 2-uhkjio-

xeKC-l-eHmieTHJij 2-UHKJioxeKC-3-eHHJierHJi h intKnoxeKc-2-eHHJiMemn 6po3HJiara. KoHCTawra

6p3HHe aueTojrn3e uHKiioxeKC-l-eHitJiMeTHji 6po3HJiaTa 6nna je Beha oa KOHcraHTe 3acuheHor

aiia;iora. Obo noBehaae je rrpumicaHO eepeicry KOHjyrartHje ABocrpyKe Be3e.

(ripHMn>eHo 13. aiaja 1982)
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The course of photodegradation, photocrosslinking and photooxidation

reactions of polyvinyl alcohol), PVA, was studied both in solutions and in the form

of solid film. The influence of the irradiation dose as well as the molecular mass and

degree of hydrolysis of PVA was established. Changes produced by irradiation were

followed by determining the viscosity changes and by spectrophotometric measure

ments. It was found that the intensities of photodegradation, photocrosslinking and

photooxidation depend on the physical state of PVA. Dissolved PVA undergoes

crosslinking reactions and the formation of polymeric gels is readily observed if

a sufficient irradiation dose has been applied. The PVA samples of high molecular

mass as well as those of low degrees of hydrolysis are highly susceptible to gel for

mation. The oxidation of PVA is not observed until the gel is formed. Under a

sufficient irradiation dose the films are oxidized to such an extent that carbonyl

groups and double bonds appear in the polymeric chains. The degradation of PVA

is more pronounced on high molecular mass samples as well as on samples with lower

degrees of hydrolysis. V

Photochemical processes in polyvinyl alcohol), PVA, include the abstraction

of the a- hydrogen atom1.2, by the formation of a free radical. When two macro

radicals arc close to each other, crosslinking may occur. In the presence of oxygen

the formation and subsequent decomposition of hydroperoxide may take place2-5.

The decomposition of hydroperoxide leads to the formation of oxidized structures

which are presented in Scheme 1.

In the present paper the course of photodegradation, photocrosslinking and

photooxidation reactions of PVA in solutions and in the form of solid films was

studied. The influence of the irradiation dose as well as the molecular mass and

the degree of hydrolysis of PVA was established.

EXPERIMENTAL

The investigations were performed on PVA samples Mowiol (trade name of PVA produced

by Hoechst AG, Frankfurt, Germany) on films of solid polymer and in 10% w/v water solutions.

The physical and chemical characteristics of PVA samples are given in Table I.

The films (2.0 x 10"5 m thickness) were obtained from aqueous solution by, the use of

a thin layer spreading apparatus Desaga. The films were dried for ten hours at 25°C. After taking

them off from the glass plates, they were finally dried in vacuo at 60°.

331
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TABLE I. Physical and chemical characteristics of PVA samples

PVA

sample

Viscosity

DIN/53015

m Pa s

Degree of

hydrolysis

mol %

Ester

number

mg KOH/g

MOWIOL 4-98 4.10 98.5 20.1

MOWIOL 10-98 10.15 98.6 20.1

MOWIOL 4-88 4.00 88.1 140.2

MOWIOL 18-88 18.20 88.0 140.0
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Scheme 1. Photooxidation of poly(vinyl alcohol)
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The irradiation of the PVA films and solutions was performed using a Hanau high pressure

quartz mercury vapour lamp of 1 50 Watt, at 25°.

Ultraviolet spectra were recorded on a Unicam SP 800 spectrophotometer with a 0.1%

w/v aqueous solution.

Infrared spectra were recorded on a Perkin-Elmer M-257 spectrophotometer from polymer

film, 2.0 x 10-5 m thickness.

Nuclear magnetic resonance spectra were recorded on a Varian A 60. Polymer concentra

tions were 20% w/v in DaO; DSS as a standard.

The limiting viscosity number (LVN) of aqueous solutions was measured at 25° using

an Ubbelohde suspended bulb level viscometer with capillary No. 1 .

The rheological measurements were performed on a rotational viscometer Rheotest,

Rv. Polymer concentrations were 10% w/v in water.

In UV spectra of the unexposed film (Fig. 1) two absorption bands are

visible: at 235 nm and 275 nm which are attributed to the existence of carbonyl

groups associated with the ethylenic unsaturation of the —CO—(C = C)— and

—CO—(C=-C)2- types respectively6.

The irradiated solutions of PVA showed an increase of LVN, [tj], and finally

the formation of polymeric gels if a sufficient irradiation dose was applied (Fig. 2).

The great mobility of primary PVA radicals in solution enhances the crosslink-

ing reactions7. The PVA samples of high molecular mass as well as those of low

degree of hydrolysis are highly susceptible to gel formation. This is due to addi

tional reactions of the acetate groups8 and the greater tendency of long chain mac-

romolecules for gel formation. The results obtained by rheological measurements

confirmed the increase of viscosity of irradiated PVA solutions. The curves of

irradiated solutions are shifted towards the region of higher viscosity (Fig. 3).

RESULTS AND DISCUSSION

E

 161

1 PVA 4-38

2 PVA 4-86

3 PVA 10 -98

0'
200 250 JOP

Wavelength, nm

Fig. 1. Ultraviolet spectra of aqueous PVA solutions; 0.1% w/v,

path length 1 cm
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There are no noticeable changes in IR and NMR spectra of irradiated solu

tions, meaning that the oxidation of PVA did not occur. In concentrated PVA

solutions the influence of oxygen is decreased due to the greater possibility of

intermolecular crosslinking reactions. This leads to the elimination of the free

radicals and excludes the formation of hydroperoxide.

1 • PVA 4-98

2 • PVA 10-98
 

I 1 1 1 1 il i < i |

G* 2 4 6 8 K) 16 18 20 , h 22

Fig. 2. Change of LVN, [tj], of PVA solutions vs. UV exposure

The irradiated films showed a decrease of the LVN, [tj] (Fig. 4). The de

gradation occurred immediately after the beginning of irradiation, being more

pronounced on high molecular mass samples as well as on samples with lower

degrees of hydrolysis.

 

Fig. 4. Change of LVN, [rj], of

PVA films vs. UV exposure time
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IR spectra of irradiated films show the increase of intensity of already existing

carbonyl bands at 1720 cm-1.

Figure 5 shows the dependence of IR absorbance at 1720 cm-1 of PVA

films on exposure time. The absorbance increases with increasing exposure time.

The appearance of some new infrared bands at 1660 cm-1 and 975 cm"1

was also noticed. They are due to the formation of the isolated double bond in

the polymeric chains9. In NMR spectra the appearance of two new signals was

noticed (Fig. 6): in the region from 3.3 ppm to 3.60 ppm, due to methylenic protons

of the —CHo—CO— type, and in the region from 4.88 ppm to 5.03 ppm, which

is to be attributed to the olefinic protons9.10.

PVA 4-98

 

Fig. 5. Dependence of IR absorbance at Fig. 6. NMR spectrum of PVA 4— 98 after

1720 cm-1 of films PVA vs. UV exposure UV exposure, 70 h; 20% w/v in DsO

time; 2.0 x 10~5 m thickness

The data obtained by IR and NMR measurements indicated that oxidized

groups are formed.

The data obtained by quantitative determinations of the carbonyl groups

confirm the changes mentioned above and show that photooxidation took place.

The appearance of isolated double bonds, as revealed by IR and NMR

spectra, is to be attributed to the process of its formation by the migration of free

radicals along the PVA backbone11. It may be also formed by irradiation of the

polyene structures present in the PVA12.

The comparison of the IR spectra of the irradiated polymer with its viscosity-

-change data showed that, at the beginning, the chain-scission reactions prevail,

however only those which do not lead to the formation of oxidized polymer. It

is therefore presumed that the Norrish II reactions13 occur and also chain-scission

reactions on weak linkages, which explain the shape of curves representing the

LVN decrease3''3 (Fig. 5). Further decrease ol" [t;] is explicable by the reaction
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in formula (7) representing the cleavage of the alkoxy radical-containing PVA

structure. The slight decrease of [tq] at prolonged irradiation, accompanied by

the simultaneous increase of oxidized structures is possible, due to the process

of oxidation of PVA without 'significant chain-scission reactions.

The role of acetate groups in partially hydrolysed samples is clearly visible

in the viscosity drop. The macromolecules having a high content of acetate groups

will have greater opportunity for intramolecular reactions of hydrogen abstraction,

leading to their cleavage8.

i z v o D

UTJECAJ FIZIKALNOG STANJA NA ULTRAVIOLETNU DEGRADACIJU

POLI (VIN1LALKOHOLA)

VESNA REK i MLADEN BRAVAR

TehnoloSki fakultet Sveučilišta u Zagrebu, 41000 Zagreb

Izvršeno je istraživanje toka reakcija fotodegradacije, fotoumrežavanja i fotooksidacije na

otopinama poli(vinilalkohola), PVA, i na krutom polimeru u obliku filma. Ispitan je utjecaj doze

zračenja, molekulske mase i stupnja hidrolize PVA na prisutne reakcije. Promjene u strukturi

polimera slijeđene su spektrofotometrijskim tehnikama i određivanjem promjena viskoziteta.

Utvrđeno je da intenzitet fotodegradacije, fotoumrežavanja i fotooksidacije ovisi o fizikalnom

stanju PVA. U otopinama PVA dolazi do umrežavanja i stvaranja gela kod odgovarajuće doze

zračenja. Kod uzoraka PVA veće molekulske mase i nižeg stupnja hidrolize, umrežavanje i posti

zanje gela je brže. Proces fotooksidacije PVA u otopinama pod primijenjenim uslovima se ne

vrši. Zračenje krutih uzoraka PVA u obliku filma vodi do degradacije polimera. Degradacija

je veća kod uzoraka PVA veće molekulske mase i nižeg stupnja hidrolize. Uz degradaciju do

kazana je i fotooksidacija. Stvaraju se karbonilne skupine a nakon dužeg vremenc zračenja po

javljuje se dvostruka veza u lancu polimera.

(Primljeno 16. januara 1982; revidirano 15. aprila 1982
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Anodic oxidation of l,5-diphenyl-3-(4-hydroxycoumarinyl)-A2-pyrazoline,

MH2, in acetonitrile — 0.1 mol/dm3 tetraethylamonium perchlorate solution at a

platinum electrode has been studied. Controlled potential electrolysis in the presence

of the pyridine resulted in the isolation of l,5-diphenyl-3-(4-hydroxycoumarinyl)-

-pyrazole, M, (95%) and oxidation in neutral media whithout presence of pyridine

gave dimeric product 4,4'-bis[3-(4-hydroxycoumarinyl)-5-phenylpyrazolyl-(l)]-bi-

phenyl, D, (90%). The oxidative mechanism which results in these two products

is discussed.

The pyrazoline derivatives have attracted a considerable attention because

of their use as fluorescent whitening agents for wool and synthetic fibres2-4 and

their photochemical properties5-7. The 1, 3- di(p-methoxyphenyl)- 5 -(/>- hydroxy-

phenyl)-A2-pyrazoline has been used for the surface modification of the electrode

properties8. Various studies are reported which describe oxidation of pyrazoline

derivatives using various homogeneous oxidants9-14, which led to the pyrazoles

by dehydrogenation of pyrazolones. Electrochemical oxidation of pyrazoline deriv

atives, studied in aqueous15-16, and nonaqueous media17-23 led to the different

products depending on the structure of starting pyrazoline and solution conditions.

The electrochemical behaviour of l,5-diphenyl-3-(4-hydroxycoumarinyl)-

-A2-pyrazoline, having two typical rings for a fluorescent whitening agent, e. g.

pyrazoline and coumarin, is described in this paper.

RESULTS AND DISCUSSION

Oxidation in basic media

Anodic oxidation of l,5-diphenyl-3-(4-hydroxycumarinyl)-A2-pyrazoline

(MH2) was typically performed in acetonitrile solution containing tetraaethylammo-

nium perchlorate (0.1 mol/dm3) with the pyridine added as a base using a divided

cell. Coulometry at +1.0 V vs. SCE, corresponding to the potential cf the first

plateau of the current-potential curve, shows that the overall electrode reaction

was two—electron oxidation. The reaction proceeded smoothly at a Pt-arode without

inhibition of the electrode and reoulthig l,5-diphenyl-5-(4-hydioxycumarinyl)-

-pyrazole, Ai, was isolated in high yield and purity according to Scheme 1 .
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'^Vn„A CH3CN-OIM El,NCl04 ^^s-n''T>
u (pyndint) u

MH2 95 V.

Scheme I

The cyclic voltammograms of MHe and M, obtained in the presence of

pyridine, are shown in Fig. 1. The cyclic voltammorgam ofMH2 shows the presence

of two peaks at +0.72 V and +1.23 V vs. SCE, respectively. The first peak corre

sponds to the oxidation of the parent molecule and the second corresponds presum

ably to the oxidation of the product M formed, as can be seen by comparison

with the voltammogram of the authentic sample of M. No evidence of reversibilty

was seen for sweep rates from 0.02 to 80 V s_1. The variation of £p, with log v

is 30 m V per decade and there is no variation of the peak potential with the con

centration of MH2, which point to the occurrence of a fast first order chemical

reaction following the electron transfer24. The limiting currents of the first wave,

obtained with RDE voltammetry, have a linear dependence on the square root

of the rotation rates, indicating that the overall process is diffusion controlled.

The diffusion coefficient of MH2 was calculated to be D=l.l x 10~5cm2 s_1, by

 

» • ■

vvs. sci

Fig. I. Cyclic voltammograms of 10~3 mol/

/dm3 solution of MH2 and M in 0.1 mol/dm3

Et4NC104-CH3CN with pyridine added

(C = 5 x 10-2 mol/dm3), Pt-electrode (2r =

= 3 mm), v=0A5 V s"1

 

1 1. r ,r 1

0 0.4 0.8 M 1.6 UB

V vs. see

 

 

0 0.2 CU 0.6 0.8 1J0

V V». SCE

Fig. 2. Cyclic voltammorgams of 10~3

mol/dm3 solution in 0.1 mol/dm3 Et4-

-NCIO4-CH3CN at Pt-electrode (2r=3

mm), u=0.15Vs-1, a) l,5-diphenyl-3-(4-

-hydroxycoumarinyl)-A!!-pyrazoline, b) 1-

-anisyl - 5 - phenyl-3-(4-hydxoxycoumarinyl)-

-A2-pyrazoline
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incorporating the values of various parameters in the Levich equation, assuming

n = 2. The current function, i l/k'1'2C of MH2, obtained in the presence of pyri

dine, was constant with rotation rates in the range from 100 to 3000 rpm, and

showed two-electron behaviour by comparison of the values of the current function

with that obtained for l-anisyl-5-phenyl-3-(4-hydroxycoumarinyl)-A2-pyrazoline,

a compound which undergoes reversible one-electron oxidation (see Fig. 4).

Our observations are in accordance to the previously proposed mechanistic

scheme25 for the fast ECE mechnism of the oxidation of pyrazoline derivatives

in the presence of the base.

Oxidation in „neutral" media

The electrochemical behaviour of 1,5-diphenyl- 3-(4-hydroxycoumarinyl)-A2-

- pyrazoline (MH2) was studied in acetonitrile solution containing tetraaethylammo-

nium perchlorate (0.1 mol/dm3) at Pt anode between electrode potentials of 0 and

+ 1.7 V vs. SCE. Cyclic voltammogram of MH2 is shown in Fig. 2.

The shape of cyclic voltammogram for MH2 is essentially identical with

those reported for the differently substituted pyrazolines17'19-21. The compound

MH2 shows two irreversible waves (O2 and 64) at +0.84 V and +1.54 V vs.

SCE and two reduction peaks (R3 and R2) at +0.79 and +0.62 V vs. SCE, fol

lowed with second anodic sweep by oxidation peak O2 at 0.69 V vs. SCE. No

evidence of reversible oxidation for the main oxidation wave (O2) was seen at

sweep rates up to 80 V s_1.

M
300

200

100

I I Lmm)

n = 2 no

Fig. 3. Coulometry for oxidation of

MH2(0.1 g, 2.6 x 10-" mol) at +1.1 V

vs. SCE in 0.1 mol/dm3 Et4NC104-

-CH3CN

Electrochemical preparative oxidation of MH2 has been carried out at a Pt

gauze anode (3 x 5 cm) by controlled potential electrolysis (+1.1 V vs. SCE) in

acetonitrile with tetraaethylammonium perchlorate as supporting electrolyte in a

divided cell. The current decreased exponentially during electrolysis to the back

ground value after consumption of 2F/mol (Fig. 3). The resulting product, 4,4'-

-bis 3-(4-hydroxycoumarinyl)-5-pheriylpyrazolyl-(l)-biphenyl, D, precipitated du

ring electrolysis in about 60% yield. After consumption of 2F/mol the pyririn^
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was added (1 ml), the current increased and electrolysis ended after consumption

of 1 F/mol. The dimeric product D was isolated in 90% overall yields accord

ing to Scheme 2.

 

The electrochemical oxidation of MH2 in CH3CN-0.1 mol/dm3 Et4NC104

is an irreversible reaction where produced radical cations react further to produce

dimers via the para position of the 1 -phenyl group and the corresponding

pyrazoline derivative21. The cyclic voltammogram of l-anisyl-5-phenyl-3-(4-hydrox-

-ycoumarinyI)-A2-pyrazoline, having para position of the 1 -phenyl group

blocked with methoxy group, shows a reversible behaviour [see Fig. 2 (b)], indicat

ing that the following dimerization reaction does not occur in that case. The

criteria for reversible cyclic voltammograms24, 2?pa—Epc close to 58 mV, the

peak current ratio ipC/»n» equal to 1.0, the current function (j'p/"'1/2C) constant,

were found to be within the limits of the experimental error.

In order to get some general insight into the dimerization reaction ofthe com

pound MH2, we have used the diagnostic criteria given by Saveant et al. for the

dimerization reaction26. Peak potentials were measured for concentrations ofMH2

(from 0.3 to 1 millimolar) and sweep rate variations in the range of sweep rates

from 0.03 to 2 V s_1 and the results are presented in the Table.

TABLE. Peak potential variation with sweep rate and concentration of l,5-diphenyl-3-(4-hydroxy-

coumarinyl)-A2-pyrazoline (MH2)

(3 Ep/e log r)/mV (3 £p/31ogC)/mV (£P - £P/2)/mV

Experiment 20.1 ± 1.4 - 22.0 ± 1.5 40

Theory8 19.7 - 19.7 38.8

a) Theory for the DIM-1 scheme of ref. 26.

The data given are result of linear least squares analysis of over 1 5 voltammo

grams and the error limits are the observed standard deviation. The variation

of the peak potential with sweep rate and concentration compare favourably with

theory.

The current function, 2i,/eu1/2 C, obtained with a rotating disc platinum

electrode, of l,5-diphenyl-3-(4-hydroxycoumarinyl)-A2-pyrazoline, MH2, is de

creasing with the rotation rate and shows one-electron behaviour at higher rotation

rates by comparison with the current function of l-anisyl-5-phenyl-3-(4-hydroxy-

coumarinyl)-A2-pyrazoline indicating the ECE mechanism (E= electrochemical step

and C—chemical step) for oxidation ofAIH2 (Fig. 4).

The results obtained with cyclic voltammetry, e. g. variation of Ep with

logv and logC (see Table) and the isolation of product D indicate a second order
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dimerization reaction as a rate determining C — step. Using the method of Mar-

coux, Adams and Feldberg27 the rate constant of the dimerization reaction was

determined to be kz — 1.36 X 102 dm3 mol-1 s-1.

u :

ma
 

2 4 6

ai,ft(rad/5)'2

Fig. 4. Dependence of jl/oi1'2 on to1'2

of 10-3 mol/dm3 solution in 0.1 mol/

/dm3 Et4NC104-CH3CN at Pt-elec-

trode(2r= 1 mm), a) l-anisyl-5-phen-

yl-3-(4 - hydroxycoumarinyl)-A2-pyra-

zoline, b) l,5-diphenyl-3-(4-hydroxy-

coumarinyl)-A2-pyrazoline, MH2, c)

10"3 mol/dm3 MH2+2 x 10-2 mol/dm3

of pyridine.

The oxidation of l,5-diphenyl-3-(4-hydroxycoumarinyl)-A2-pyrazoline, MH2,

can be represented by Scheme 3.
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The compound MH2 is oxidized through transfer of one electron (peak Oi)

leading to the radical cation which dimerizes and by deprotonation yields the

dimeric product DH2. Dimeric DH2 is an oxidizable species at the potential of

peak Oi and is being further oxidized through the radical cation, DHj+, (O2/R2

couple) and the dication, DH2++, (O3/R4 couple). The dication formed, DHJ+,

is deprotonated by action of the base. The protons liberated at the anode attack

the DH2 molecule and render it electroinactive. The compound DH2 is partially

converted through further two-electron oxidation to the final product D which

is not oxidizable at the applied potential (1.1 V vs SCE) but is electroactive at

the potential of the peak 64 (£p=1.54 V vs SCE). By addition of pyridine (after

consumption of 2F/mol) the compound DH2 is released from its protonated from

and oxidized smoothly to the final product D. It is noteworthy that we were

able to isolate a type of protonated dimeric compound DH2 in the study on the

electrochemical oxidation of l,3,5-triphenyl-A2-pyrazoline in „neutral" media19.

EXPERIMENTAL

Equipment — All melting points are uncorrected. The IR spectra (KBr pellets)

were recorded on a Perkin Elmer M-377 spectrofotometer and mass spectra were recorded on

an A. E. I. Model MS-12 spectrometer. The apparatus and cells for voltammetry, coulometry

and preparative electrolysis have been described earlier19.

Chemicals — Acetonitrile (Merck) was purified as previously described19. Tetra-

ethylammonium perchlorate (Eastman Kodak) was dried at 100°C for several hours in a vacuum

oven before use.

l,5-Diphenyl-3-(4-hydroxycoumarinyl)-A2-pyrazoline (m. p. 208 — 210° ) was prepared by

known procedure in 70% yield28.

Synthesis of 1 -a n i s y 1- 5-p h e n y 1- 3-(4-h y d r o x y c o u m a r i n y 1)- A2

pyrazoline — To the solution of 1 g (0.0034 mol) of 3-cinnamoyl-4-hydroxycoumarin in

MeOH (100 ml) 0.6 g (0.0035 mol) of />-methoxyphenylhydrazine hydrochloride, dissolved in

MeOH (10 ml) and neutralized with NaOH, was added and the mixture was refluxed for 8 h.

After cooling the reaction mixture at the room temperature the product precipitated and was

collected by filtration. Recrystallization from aqueous acetic acid (1:1) gave the pure pyrazoline

with m. p. 178-180° Yield : 50%.

IR (KBr): vmax = 3080, 2930, 1720, 1615, 1515, 1435, 1110, 835, 760, 700 cm-1

Analysis, Calcd for C25H20N2O4: C, 72.81; H, 4.85; N, 6.79%

Found: C, 73.02; H, 4.80; N, 6.84%.

Controlled potential electrolysis in basic media — Into the

anodic compartment of the cell filled with 0.1 mol/dm3 solution of Et4NClC*4 and 1 ml of pyridine

in acetonitrile (100 ml) 0.1 g of l,5-diphenyl-3-(4-hydroxycoumarinyl)-A2-pyrazoline, MHz, was

added. Divided cell with Pt-gauze anode (3x5 cm), Ni-cathode and SCE as a reference elec

trode was used. During the electrolysis an electronic integrator was used to record the quantity

of electricity passed.

The potential was maintained at a fixed value (+1.0 V vs. SCE) with initial currents

generally about 100 mA. Electrolysis was discontinued when the current dropped to 5 mA which

took about 30 min {n = 2). The solution was evaporated to cca 10 ml and water (150 ml)

was added. The precipitated product M is isolated by filtration and recrystallized from

80% aqueous DMF gave l,5-diphenyl-3-(4-hydroxycoumarinyl)-pyrazole, M, with m. p. 219 —

-221°. Yield: 95%

IR (KBr): vraax = 3185, 3070, 1720, 1630, 1500, 1560, 760, 705 cm-1. NMR(DMSO-d6) at

120': 8 = 6.9 (s, 1H), 7.1- 8.05(m, 17H) ppm. MS, m\e (relative intensity): 380 (100), 362 (4),

361 (6), 354 (5) 263 (27), 234 (4), 233 (6), 190 (39), 181 (10), 121 (28), 93 (61), 77 (35).

Analysis Calculated for C24Hi6N203: C, 75.78: H, 4.21, N. 7.36%

Found: C, 75.43: H, 4.20, N, 7.40%

Controlled potential electrolysis in ..neutral" media — Into the

anodic compartment of the cell filled with 0.1 mol/dm solution of Et4NC104 in acetonitrile (100
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ml) 0.1 g of l)5-diphenyl-3-(4-hydroxycoumarinyl)-A2-pyrazoline, MHj, was added. The poten

tial was maintained at +1.1 V vs. SCE and current decreased at the background value after con

sumption of 2F/mol. The product D precipitated during electrolysis. After having passed 2F/mol,

1 ml of pyridine was added to the anodic compartment and the current increased (see Fig. 3)

Electrolysis discontinued when the current dropped again to the background value (» = 3). The

precipitated product was filtered off. Yield: 90%. After recrystallization from DMF the ana

lytically pure 4,4'-bis[3-(4-hydroxycoumarinyl)-5-phenylpyrazolyl-(l)]-biphenylj D, showed

m.p. 320° (dec.)

IR (KBr): v„,»x = 3160, 3080, 1715, 1610, 1505, 1100, 830, 765, 760 cm-i

MS : m/e (relative intensity) : 639 (17), 562 (9), 472 (32), 471 (100), 456 (5), 354 (9), 291 (21), 290(16),

214(35), 170(14), 121 (26), 77 (11).

Analysis Calculated for Ci8H3oN40«: C, 76.19, H, 3.70, N, 7.40%

Found: C, 76.20, H, 3.70, N. 7.48%.

*
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H3BOJ

EJIEKTPOXEMHJCKA OKCM^ALmjA l,5-flHOEHHJI-3-(4-XH,UPOKCHKyMAPHHHJI)

-A2-riHPA30JIHHA

HBPO TAEAKOBHH H 3JIPABKO rPyjire

TexHO.wiuKU (paKy.iiueui, YHueep3uuie(u ,,Hypo Ilyuap Cuiapu", 78000 Sana Jlyxa

HcriHTHBaHa je aHOAHa oKCHflaunja na imaTHHCKoj ejieicrpoflH 1 ,5-flH(peHHJi-3-(4-xH-

ApoKCHKyMapKHHji)-A2-nHpa30JiHHa, MH2, y pacreopy TeTpaeTHJiaMOHHj'yM nepxAopaTa y aqe-

TOHHTpmiy KomieirrpauHje 0,1 mol/dm3. EjieKTpoiin3a Ha KOHTpoAHcaHOM noTeHinijaAy, y

npHcycTBy impHAHHa, AOBejia je flo HSABajaata l,5-AH<beHHA-3-(4-xHflpoKCHKyMapHHHA)-rmpa-

30Aa, M, (95%), a OKCHflaunja y HeyTpaAHoj cpeAHHH, 6e3 npwcycTBa rmpHAHHa, nan* je ah-

MepHH npOH3BOA 4,4'-6HC[3-(4-XHAP0KCHKyMapHH^)-5-(peHHAnHpa30AHA-(l)]-6H(peHIIA, D,

(90°o). JtHCKyroBaH je jwexaHH3aM oKCHAaqiije KojH Kao pe3yATaT Aaje OBa ABa npon3B0Aa.

(LTpHMA>eHO 16. MapTa 1982)
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Monohydroxybenzene dissociation constants were calculated from the data

obtained by pH-metric measurements performed at different temperatures and at

the ionic strength fisO. The values obtained are 2.06 x 10"10 at 20°, 2.22 x 10~10 at

30° and 2.31 x 10~10 at 40°. Thermodynamic functions of the monohydroxybenzene

dissociation reaction also were determined: AH = 4.41 kj/mol, AF° = 54.4 kj/mol at
20°, AF~ = 56.0 kj/mol at 30°, AFC = 57.8 kj/mol at 40" and AS° - - 0.17 kj/mol.

The literature data on monohydroxybenzene dissociation constant values

at different temperatures1-11 are numerous but greatly different, even contra

dictory. For this reason the constants presented in this work have been determined

at several temperatures.

EXPERIMENTAL

All the pH-metric measurements were performed on a pH-mctcr PHM MA 5703 Iskra,

Kranj. The measurement error was ± 0.01 pH units.

All the reagents used were of p. a. grade: monohydroxybenzene and NaOH, Merck, po

tassium biphthalate, Fluka AG, and buffer solutions S 1001 and S 1231, Radiometer, Copen

hagen. The pH-meter was calibrated with these buffer solutions at corresponding temperatures.

Titrations were carrried out in a 100 - cm3 beaker with a plastic cover having four openings

for a burette, nitrogen, a combined glass — calomel electrode and a thermometer12. The vessel

was placed into a thermostat and the measured solution heated for 30 min before titration. Puri

fied nitrogen was used to prevent introduction of CO2 from air and to stir the solution during

titration. The burette filled with NaOH solution was equipped with a tube containing CaO to

protect the solution from humidity and CO2 from air.

The NaOH solution, previously purified from Na2C03, was standardized by titration

with potassium biphthalate13.

Monohydroxybenzene solutions were prepared immediately before use by weighing mono

hydroxybenzene on an analytical balance.

347
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RESULTS

Determination of the monohydroxybenzene dissociation constant

The monohydroxybenzene dissociation constant

[H+] [CeHsO ]

[C6H5OH]

(1)

was determined by titration of 50 cm3 of 0.01 mol/dm3 monohydroxybenzene solu

tion with 0.1 mol/dm3 NaOH solution; the pH was measured each time after

adding 0.2 cm3 aliquots of NaOH. The titration curves at 20°, 30° and 40° are

shown in Fig. 1.

By using the method of Albert12, the monohydroxybenzene dissociation

constant was calculated from the equation

log *p =lo8(l-^)-[HL]0-[H+] + [QH-]

<z-[HL]° + [H+]-[OH-]

(2)

where kv is the protonation constant i. e., the value inversely proportional to

the dissociation constant: &d=l/Ap. The total monohydroxybenzene concen

tration is [HL]°, and H+ and OH~ ion concentrations are [H+] and [OH-]. The

magnitude a is „the degree of neutralization" defined as:

a =

the total amount of added titrant

the total amount of titrand

The value a=0, at the beginning of titration, increases gradually to a=l at the

equivalence point.

The monohydroxybenzene concentration [HL]°, calculated from the volume

 

cm* NaOH

Fig. 1. pH-metric curves obtained by titration

of 10 cm3 of 0.01 mol/dm3 monohydroxyben

zene solution with 0.1 mol/dm3 NaOH

solution.

9 65

9 70

 

3' O/Tl'O4

Fig. 2. The dependence of the

monohydroxybenzene dissocia

tion constant on temperature.
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of the half-neutralized solution* in order to determine kp according to eq. (2),

is 0.00953 mol/dm3 12. Thus calculated monohydroxybenzene and ten times higher

NaOH solution concentration values make it possible to neglect the dilution of

the monohydroxybenzene solution during titration12. Also, the conditions of the

me:hod being satisfied, [HL]°> 10 3 mol/dm3, pH > 5 12, the quantity [H ]

can be neglected, both in the numerator and denominator. Calculations were

performed by using values for a in the interval 0.3 ^ a < 0.7 from the

diagram in Fig. 1 . The limiting values of a were not suitable for calculation

due to the considerably higher error than of the method used: ±0.02 log kp 12.

Concentration conscants of dissociation were calculated by using concientra-

tion of H+ ions obtained by previously measuring their activity. Since the solutions

used were diluted, the values of the activity factor, as well as their change n the

vicinity of the half-neutralization point, were lower than the dissociation constant

determination error. For this reason the activity and concentration are assumed

as equal and the dissociation constant values ascribed to the ionic strength of

[jl = 0. Table I shows the data on water ionic products14, used for calculation of

the OH~ from H+ ion activity, and the values of monohydroxybenzene protonation

and dissociation constants.

TABLE I. Numerical values of the water ionic product and protonation and dissociation constants

of monohydroxybenzene at different temperatures

t C KK x 1014 log*,, ka x 10'°

20 0.69 9.69 2.06

30 1.48 9.65 2.22

40 2.95 9.63 2.31

Calculation of thermodynamic functions

The diagram of the dependence —log kp versus \/T (Fig. 2) is plotted by

using the above data and Van't Hoff's relation for the reaction isobar:

log*'- *»('-')

Ki 2,303 R\Tz T}j

where Ki and Kz are monohydroxybenzene dissociation constams, T\ and Tz,

corresponding temperatures and R is the universal gas constant, while the enthalpy

change, AH, of the monohydroxybenzene dissociation reaction is calculated from

the slope of the straight line.

The change of the standard free energy, AF°, was calculated from the equation
AF°=-RT In K, and that of standard entropy, AS°, from AF° =AH- T&SC.

The obtained numerical values of thermodynamic functions are shown in Table II.

* This volume is 52.5 cm3, and neutralization of 50 cm3 of 0.01 mol/dm3 monohydroxy

benzene is performed with 5 cm3 of 0.1 mol/dm3 NaOH. At this point a = 0.5.
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TABLE II. Numerical values of the change of standard free energy at different temperatures,

change of the enthalpy and standard entropy of the monohydroxybenzene dissociation reaction

t°C AF°(kJ/mol) A//(kJ/mol) AS°(kJ/mol)

54.4

56.0 4.41 -0.17

57.8

DISCUSSION

From the results of other authors111 it can be seen that the monohydroxy

benzene dissociation constant values vary from 0.33 X 10 10 to 2.05 X 10~10 in the

temperature interval from 10° to 50°. Some disagreement among these data

for the same temperatures as well as certain contradictory results (in Ref. 3 the

monohydroxybenzene dissociation constant value is only 0.33 X 10-10 at 25° whereas

in Ref. 11 it is 0.56 X 10~10 at 10°) are due to different investigation conditions

(pH, concentration, ionic strength) and to different constant determination methods.

Namely, most of the anthors use solutions with higher concentrations i. e., greater

ionic strength as, for instance, in Refs. 4([x = 0.01), 7([i = 0.08) and 10((z. = 0.1).

Since in our work the experiments were performed in a highly diluted medium

((a x 0) our results actually represent thermodynamic values.

The positive enthalpy change values (Table II) lead to the conclusion that

the monohydroxybenzene dissociation reaction is an endothermal process in the

temperature interval from 20° to 40° while at increasing temperatures the equilib

rium shifts to dissociation of monohydroxybenzene.

It is seen from the positive values of the change of standard free energy

(AF°=F2—Fi>0) that the free energy of the final state Fz (dissociated form) is

higher than that of the initial state Fi (molecular form). It follows that the reaction

does not develop spontaneously towards dissociation of monohydroxybenzene. Also

the decrease of entropy of the final state of the system (AS°=52—Si<0) during

dissociation indicates the increase of the entropy of the medium.

Using the monohydroxybenzene dissociation constant values given in Ref. 1 1,

we have cslculated the thermodynamic functions which we compared with our

results. A fairly good agreement was found between the values of the change of

the standard free energy (AF°=56.2 kj/mol at 15°, AF°=57.2 kj/mol at 25°

and AF°=-58.9 kj/mol at 40°) and the change of standard entropy (A.S0=— 0.11

kj/mol). However, the rather different enthalpy change (A//=24.8 kj/mol) might

be due to the use of different methods of determination of monohydroxybenzene

dissociation constants. In Ref. 1 1 investigations were performed by measuring

the specific conductivity of monohydroxybenzene solution. However, the sensitiv

ity of the method decreases in the case of poorly dissociteed compounds, such

as monohydroxybenzene. Also, the presence of impurities, like strong electrolytes,

affects the results of conductivity measurements much mora than those of the

pH of the solution used in our experimental work.

Nevertheless, despite some disagreement, the k<\ values of monohydroxy

benzene determined in the present work can be considered as sufficiently reliable

owing to the same experimental conditions (ji x 0).

20

30

40
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H3B0JI

CWETjHBAIiE KOHCTAHTE jmCOUHJAUHJE MOHOXHflPOKCHBEH3EHA

pH-METPHJCKHM nYTEM

flPArAH C. BECEJIHHOBH'E h JiyillAH JI, MAJIEHIEB

Hitcuiuuiym 3a g5u3UHKy xejuujy, TIpupodno-MauieMaiuuHKU ^aKynmeiu, Eeoipad h Hnciuuiuytu

3a (fnt3UHKy xeMuj'y, <X>apMatfeyuicKU (fianyAuieui, Eeozpad

ITpHMeHOM pH-MeTpnjcKHX Mcpeaa H3paiyHaTe cy KOHCiairre flHcoimjaunje mohoxm-

apoKCH6eH3eHa Ha paamraHTHM TeMnepaTypaiwa h joHCKoj jaiHHH (x = 0. flo6HjeHe cy cjie^ehe

BpeflHocTH: 2,06- 10"10 Ha 20°, 2,22- lO-™ Ha 30° h 2,31 • lO"10 Ha 40°. OflpefieHe cy h Tepiwo-

AHHaMHiiKe cpyHKijHje peawnije fliicoinijaimje MOHoxmrpoKCH6eH3eHa: A//=4,41 kj/mol, AF° =

54,4 kj/mol Ha 20°, AF° = 56,0 kj/mol Ha 30°, AF°=57,8 kj/mol Ha 40° h AS°= -0,17 kj/mol.

(rTpHMJbeHO 2. anpnjia 1982)
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Six new complexes of the types HMCb Br • 2Qu and HMIa Br • 2Qu (M = Zn,

Cd, Hg and Qu = quinoline) have been prepared. Analytical, conductometric,

spectral (infrared and ultraviolet) and data from X-ray powder spectra, have been

used for the characterization of the complexes. A pseudotetraherdal configuration

is proposed for the Zn(II) compounds, while the structure of the Cd(II) complexes,

in the solid state, cannot be deduced with certainty. For HHgXa Br • 2Qu (X = CI, I)

the far- infrared bands observed in the stretching frequency region indicate strong

halide-bridged interactions; the iodo-complex is better formulated as (QuaH)2[Hg2-

l4Br2] with Br as the bridging ligand.

The study of haloacids is of special interest, because they have been proposed

as intermediates in some Friedel-Crafts reactions and chain polymerizations1. The

isolation of the complexes HMC^Br • 2Et20 and HMl2Br • 2Et20 (M = Zn,

Cd, Hg and EtgO = diethyl ether) has been achieved in the past2. The pyridine

and aniline compounds of these acids have also been prepared and studied3-6.

Since there is an absence of information on the ligand-mixed halide anionic

complexes of the zinc-group metal ions and there has been some debate7-8 over

the existence of these anions, the present paper deals with the preparation and

characterization of adducts between quinoline and HMX2Br (M = Zn, Cd, Hg

and X = CI, I).

EXPERIMENTAL

Preparation of the complexes. In a typical experiment ca. 3 mmol of the freshly prepared,

corresponding etherate compound2 were suspended in 50 ml absolute Et20. To the suspension

was added a 100% excess of Qu dropwise and with continuous stirring. A vigorous and exother

mic reaction took place; the oily etherate complex was dissolved, while simultaneously a precip

itate formed. The addition of 25 ml EtaO caused the formation of more precipitate.

The complexes were filtered off, washed with Et2 0 (5 x 5 ml), dried in a vacuum desicca

tor over P4O10 and obtained in powdered form. The salts QuH+X- (X = CI, Br) were also pre

pared by standard methods in order to be used for comparative spectroscopic studies.

Characterization. The analyses and physicochemical measurements were carried out as

previously reported5- «•»•". Far-IR spectra (525-50cm-!) for HZnX2Br-2Qu and HHCI2-

Br ■ 2Qu were recorded, as nujol mulls supported between polyethylene sheets, in a Perkin-Elmer

* Author to whom correspondence should be addressed
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180 spectrophotometer, at room temperature. Far-IR spectra (450—20 cm-1) for HHglzBr ■ 2Qu

were obtained at room and liquid nitrogen temperatures on a Beckman 720 M Fourier spectro

photometer; the samples were run in polyethylene pellets.

RESULTS AND DISCUSSION

General

The analytical results are given in Table I. All the complexes reported in the

present investigation have the composition HMXgBr- 2Qu (X = CI, I) and are

formed by the complete replacement of the Et^O molecules in the etherate complexes

with Qu, since the latter is a stronger Lewis base than Et20.

TABLE I. Analytical results (X) for the prepared complexes*

Complex
Acidic

H X Br Qu
hydrogen

HZnCl2Br-2Qu 0.20 13.61 15.07 17.11 53.87

(0.21) (13.75) (14.91) (16.80) (54.32)

HZnI2Br.2Qu 0.16 9.99 38.03 12.60 39. Of

(0.15 (9.93) (38.55) (12.13) (39.23)

HCdCl2Br-2Qu 0.19 21 .32 14.11 15.02 48.67

(0.19) (21 .51) (13.57) (15.29) (49.44)

HCdI2Br.2Qu 0.15 15.79 36.42 10.98 36.17

(0.14) (15.93) (35.98) (11.33) (36.62)

HHgCl2Br.2Qu 0.16 33.11 11 .91 12.78 41 .97

(0.17) (32.84) (11 .61 ) (13.08) (42.30)

HHgI2Br-2Qu 0.13 25.42 32.27 9.69 32.19

(0.13) (25.27) (31 .98) (10.07) (32.55)

a - .,
Calculated analytical values are in parentheses. M » metal.

X = CI, I.

The compounds are stable in the atmosphere, insoluble in nonpolar solvents,

somewhat soluble in H2O and soluble in alcohols, CH3COCH3, CH3NO2, C6H5NO2,

DMF and DMSO. They are readily decomposed by dilute mineral acids.

The X-ray powder patterns of the prepared complexes are different. All

patterns suggest, by the multitude of the reflections, that the complexes formed

are of low symmetry. Some physicochemical data are presented in Table II.

From the Am values obtained, it is concluded that all complexes behave

in CH3COCH3, CH3NO2 and DMF as 1 : 1 electrolytes11. The somewhat larger

Am values in DMF and the fact that the conductances of the solutions increase

with time arise chiefly from the strong donor capacity of DMF, which leads to

partial displacement of anionic liuar.ds and change of electrolyte type.
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Ultraviolet solution spectra

The UV spectra (400—215 nm) of the complexes in spectroscopic EtOH

show absorption maxima at 226, 231, 271 (sh), 276, 282, 287, 293 (sh), 300, 305

(sh) and 313 nm; these are due to tc-+«* and n->7t* electronic transitions12 of quin-

oline, since they also appear in the spectra of free Qu and QuH+X~.

TABLE II. Colors 3 yields, melting points ar.d AM values of the nea

quinoline compounds of mixed complex haloacids of Zntlll,

Cd(IJ) and Bg(II)

compound Color
Yielda(%)

M.p.Vc)

AMC(S

CH3COCH3

2 -1
cm mol )

CH3N02 DMF

HZnCl2Br-2Qu White 80 202-205 131 68 114

HZnI2Br-2Qu Orange 92 82d 119 142 150

HCdCl2Br-2Qu Beige 70 86-89 91 114 110

HCdI2Br-2Qu Yellow 75 74-78d 114 136 121

HHgCl2Br-2Qu Cream 81 131 119 B1 97

HHgI2Br-2Qu Yellow 50 68-70d 10G 83 103

aBased on the metal. ^Uncorrected . cValues of molar conductivity for

ca. 10 ^ mol dm ^ solutions at 25° C; the compounds were assumed mo-

nomeric in solution, d = decomposition.

The spectra of the iodo-complexes show additional maxima at ca. 220 and

365 nm, which require some discussion. The 220 nm maximum is due to a charge-

-transfer transition between the iodide ion and the solvent (C.T.T.S.)13, while

that at 365 nm is assigned to the ne -> au* transition of the I3- ion14, which con

stitutes an autoxidation product. The Is- ion results from the iodide ions, which

come from the small ionization of the complex anions in solution. The aforemen

tioned two absorption maxima appear clearly reinforced, when the spectra are

recorded many hours after the preparation of the solutions.

Infrared spectral studies (4000—300 cm'1)

Careful examination of the IR spectra of all prepared complexes clearly

shows the absence of characteristic bands of free Qu. In the spectra of

HZnX2Br • 2Qu the three weak bands between 3240 and 3100 cm-1 are attri

buted to v(N+H) modes; their low intensity indicates that the QuH+ ion is involved

in hydrogen bridging15-16. For the Cd(II) and Hg(II) complexes the appearance

of a medium broad band below 3000 cm-1, in positions different from that of the

corresponding intense broad band of the salts QuH+X-, is a strong indication

of hydrogen bonding15-17, not of the N+—H—X~ type. The presence of the QuH+

ion, in all the prepared complexes, is also indicated by the bands at 1630, 1485,

1270, 820 and 770 cm-1, since these appear in the spectra of QuH+X-.
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The spectra of the Zn(II) complexes show strong bands at 1510, 1440, 1315,

980, 790, 780, 640, 490 and 400 cm-1, which are due to vibrational modes

of coordinated Qu18-19. The effect of coordination is only on the heterocyclic ring

causing noticeable changes in the position and intensity of the bands. This effect

is probably not transmitted to the benzene ring and consequently there is very

little change in the position of the bands arising out of benzene ring. The characte

ristic bands of coordinated Qu are absent from the spectra of the Cd(II) and Hg(II)

complexes.

Far-infrared spectra and correlation with structure

The Far-IR spectra of the complexes give an insight into the structure and

the bonding in the solid state.

The medium band at 251 cm-1 in the spectrum of HCdC^Br ■ 2Qu is attri

buted to a Cd-Cl stretching vibration v(Cd — Cl)t8. No medium or strong band,

which would be assigned to v(Cd— Br)t, is observed for HCdl2Br\2Qu above

230 cm-1 (for the Cd(II) complexes there are no data below 230 cm-1).

Table III gives some characteristic and diagnostic Far-IR bands of HZ11X2-

Br • 2Qu (X = CI, I) and HHgCl2Br • 2Qu. From the v(ZnX) values it is concluded

that the Zn(II) complexes have monomeric pseudotetrahedral structures22-21.

TABLE III Diagnostic Fir-ZP bl-in

Complex V(M-X) t v(M-Br) v(HCl)b v(CBr). v(MN) Refs.
0

HZnCl2Br-2Qu 300m, 283vs
219s,20Gash 206ash,187m

20-22

HZnI2Br-2Qu 151m
248m,213asb 213asb,198sb

HHgCl2Br-2Qu 257m, 248w 200s 157vs 23,24

Overlapping. H = metal. X = CI, I. vs « very strong, s = strong, sb = strong and

broad, m = medium, w = weak, sh = shoulder.

The characteristic coordination numbers and stereochemical arrangements of

the divalent mercury ion are two-coordinate linear and four- coordinate tetrahedral.

In addition to these, octahedral and five-coordination are also known. Coordination

number three is rather rare for Hg(II); it is known in some systems, but the species

are anionic.

The appearance of bridging modes v(HgX)D convinces us that the spectrum

of HHgCl2Br-2Qu seems incompatible with a pyramidal [HgC^Br]- skeleton,

but it can be explained on the basis of halogen-bridged anions, while the complex

still contains terminal Hg-Cl bonds.

Approximately trigonal planar anions loosely linked by long iodine contacts

}o give a trigonal bipyramidal environment for each mercury atom was found

in SMe3HgI325. Hooper and James26 studied the vibrational spectra of crystalline
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tri-iodomercurate(II) salts and reported bridging v(HgI)b modes. Goldstein and

Barr24 carried out a systematic study of the Far-IR and Raman spectra, in the

solid state, of salts of the type AHgla (A = SMe3, Me4N, Et4N, Bul{N). They

proved that the weak iodine bridging, found in the crystal structure of SMe3Hgl3 25

can be disregarded in qualitative interpretation of the vibrational data; they in

terpreted the spectrum of Me4NHgl3 in terms of a monomeric anionic structure,

while the spectra of the remaining two were indicative of strongly iodine-bridged

anions. Recently Contreras and co-workers27 reported the X-ray crystal structure

and vibrational spectra of the tetrapropylammonium tri-iodomercurate(II) and

noted that the structure of the anion can be described in terms of dimeric halide-

-bridged [Hg2le]2_ units. Each mercury atom is tetrahedrally coordinated to four

iodides to produce an edgecondensed bitetrahedron; the vibrational spectrum was

interpreted in D211 molecular symmetry and is consistent with the crystal structure.

We have also found similar [Hg2le]2~ units in some pyridine, aniline, picoline and

quinoline compounds of HHgl328-33. It seems that no structure - cation size corre

lation exists in these anions and that each case needs to be studied separately31.

Since reliable vibrational data for tri-iodomercurates (II) are available and

in an attempt to study the influence of the halogen substitution on the Far-IR

spectra and in the structure, we have prepared and studied the new compound

HHglaBr • 2Qu.

0&B1E IV. Seminal 12) and "bridging (B) etvetehing modes in a

ifgi^Ffrj speoiee

Structure Symmetry Halogen number of modes

I Br I I AS

\ / \ /

Ha n,h

I Br I Br 4b

Br I Br I 4B+ 23?

\ / \ /
M H C,

/ \ / \ 2

lit Br 23!

r I .Br 1 4B * 23}

\ / \ /

/ \ / s *

Br I I Br 23?

1 ^Br I 4B * 23S

/ \ / \ 8

1 I Br Br 21

II Br T 2B+3T

^ S\/

/ s / \ 1
X Br T Br 2B + 15
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A halide-bridgcd [Hg2l4Br2]2_ species can belong to either D2h, C2, Ci,

Cs or Ci point groups31. Regardless of the molecular symmetry, a system like this

gives rise to eighteen normal modes of which eight are due to either mercury-

-halogen bridging (B) or mercury-halogen terminal (T) stretching modes (Table

IV). Accordingly, a D2h configuration can be easily differentiated from C2, Ci, Cs

and Ci. The latter is also easily distinguished from C2, Q and C«. The remaining

modes correspond to bendings, twistings, rockings and ring deformation modes.

Since these vibrational modes lie in a region where the lattice modes also occur,

we will confine our discussion and assignment to only the stretching modes.

In bromomercurate(II) complexes the stretching modes occur in the range

230—160 cm-1, whereas in mercury-iodide systems these modes have been observed

in the range 160—95 cm-1 Within each range the higher frequencies are

determined by the terminal stretching modes v(Hg—X)t and the lower by the

bridging stretching modes v(HgX)t>.

SOU V. F«*-JB aaalgrmefiU for SBgTzBr-3Qu

v(cm*1)

298 K"
Assignment*

178m 182 a v2(B)

171 eb 174 V* v6(B)

169 s v13(B)

163 V 164 v vl7(B)

152 v» 155 va

143 va 145 va

132 a 134 s v8(T)

125 ah 123 a V16(T)

86 in 85 n 2

77 v 77 « 2

66 « 65 s 2

57 a 55 a ttj bending Hgl^

52 eb 50 V v18 bending Bgl2

41 » 2

32 to 30 « vJ3 twisting Hgl2

'Assignment based on data of CH9216 J2" 27,29,30 and

on ref.31. vs = very strong, a « strong, ab = atrong and

broad, o " medium, w - weak, vw - very weak, sh • shoulder.

Table V lists the Far-IR bands of HHgI2Br • 2Qu. The spectrum at room

temperature shows three bands at 178, 171 and 163 cm"1 and four in the range

155—120 cm-1; the former are clearly due to v(HgBr)b, whereas the latter can
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be assigned to the v(Hg— I)t modes. A better resolution is obtained at liquid nitro

gen temperature. The Far-IR spectrum shows four terminal and four bridging

stretching modes.

On the basis of the stretching frequency data we can conclude that the com

pound under examination most likely exists in a structure possessing a Dm symmetry.

Final conclusions

On the basis of the overall discussion presented, the pseudotetrahedral

(QuH)+[ZnX2BrQu]_ structural formula is proposed for the new Zn(II) com

plexes in the solid state (X = CI, I).

For HCdX2Br • 2Qu and HHgCkBr • 2Qu polymeric structures cannot be

ruled out; this is in accord with the fact that anionic Cd(II) and Hg(II) complexes,

having halogens as ligands, show a notable and much varied structural behavior8'24.32.

The complex HHglzBr • 2Qu is better formulated as (QuzH)2 [HgzhBTz] with Br

as the bridging ligand.

In the Cd(II) and Hg(II) compounds the counterion appears to be the

(QuHQu)+ cation. One of us3 had proposed, many years ago, the existence of

cations (PyHPy)+ in the outer sphere of complex compounds and this view was

established by a series of subsequent publications4-6'9'29-33'33'34. Compounds with

(N—H—N)+ bonding have attracted the attention of other inorganic chemists

comparatively recently35-38.

H 3 B O A

XHHOJIHHCKA JEflHH>EH>A CA MEIIIAHHM KOMIIJIEKCHHM XAJIOrEHOKHCE-

JIHHAMA Zn(II), Cd(II) h Hg(II)

TEOflOPoc 4>. 3A*HPonyjioc, enHPoe n. nEPJienEc,

MAPHJA KAHEJIAKH H AH.HPEAC I*. TAJIHHOC

JIaSopaiuopuja 3a ueopiaHCKy xeuujy, yHueepmmem y Tlauipacy, Ilauipac, Fpwa

CnpaBjieHo je mecr hobhx KOMiuieKca nuia HMClsBr-2Q h HMj2Br-2Q (M = Zn,

Cd mm Hg, Q = xhhojihh). 3a KapaKTepn3auHjy KOMiuieKca npHMeaeHH cy, nopefl ejieivteH-

TapHe aHajiH3e, KOHflyKTOiweTpHja, HHippaupBeHH h yjrrpajby6HHacTH cneicrpH Kao h peiweHCKH

cneicrpH npaxoBa. 3a je.aHK.eike Zn(II) npeflJiajKe ce nceyAOTeTpaeaapcKa KOHdWypairaja,

flOK ce crpyKTypa KOMiuieKca Cd(II), y hbpctom crafty, hc MOM<e 3aKJBywm ca CHrypHouihy.

3a HHgX»Br-2Q (X = CI hjih J) Tpane y flajieKOM HHippanpBeHOM cneicrpy, y ofinacTH hc-

TOKyfeHx BH6painija, yKa3yjy Ha jaKe HirrepaKUHje npeKO xanoreHHAimx MOCTOBa. Joflo-KOMmieKC

ce Mowe A°6po npe«CTaBHTH Kao (Q2H) [HgsfrBn], trc je Br jmraHA MocTa.

(TIpHMAeao 9. Majal982
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3ABHCHMOCTB MEXAHIT4ECKHX CBOHCTB XPYnKHX

KOBAJIEHTHLIX KPHCTAJIJIOB OT CTPYKTYPHBIX <£>AKTOPOB*

BHKTOP H. TPE<J>HJIOB, IOPHH B. MHbJIMAH, HPHHA B. rPHflHEBA

Hhcmumym npoSneu itamepuoAoeegmun AH YCCP, 252142 Kuee, CCCP

JIPATOJIKDYB n. yCKOKOBH^I h MOMHHJIO M. PHCTH^

Mucmumym mexnuuecKux uayK CepScxou aKagemtu nayic u ucKyccme, 11000 Eempag,K)tocjtasuH

(rTocTynHjio b peaaKUHio 29 anpejin 1982)

ITpoBeAeH TeopeTHMecKHii h 3KcnepHMeirrajibHiiH auajma cTpyKTypnoii

ttyBCTBHTejIbHOCTH MeXaHHMeCKHX CBOHCTB KOBaJieHTHbDC KpiICTaiUlOB H HeKOTOpMX

flpyrax cne^eHHbix waTepiiajioB. Ot6opom onTOMajibHtix iweroflOB CHHTe3a co-

OTBeTCTByK>mnX KOMnjieKCHblX CHCTe.M M05KHO CyHieCTBeHHO nOBbllliabT npOHHOCTb

MaTepHajiOB.

KoBajiemrHbie h ^acTH^HO KOBaneHTHbie KpHcrajuibi, k KOTopbiM othochtch

ajiMa3, hhtpha 6opa, pa3JomHbie TyronjiaBKHe coeAHHeHHH (Kap6HAbi, SopH^bi

H flp.)j TyroruiaBKHe MeTa^jibi c OIJK-peLueTKOH h pn,n apyrax KpHcrajuioB

o6jiaflaioT HaH6ojiee bmcokhmh 3Ha^eHHHMH TeopeTiPiecKOH npcmHocrH. 3Ha^eHHe

TeopeTHMecKoii npcwHOCTH Ha OTpbiB (omax) h Ha cflBHr (Tmax) pnfla KpH

crajuioB npHBefleHbi b TaSji. I b cootbctctbhh c [1]. Bhzjho, mto fljra pn^a aJLwa3a

TAEJIHHA I. TeopennecKaH npotiHocTb Ha otpwb (amax) h Ha cflBHr (Tm»i).

C W Fe Ag Cu

MaTepnaji auMa3

ffmjD rria 210 47 88 42 24 25

Tmax, rria 125 18 17 7 0,7 1,5

xapaicrepHO BblCOKOe 3Ha^eHHe KaK ffmax, TaK H Tmax. Ilo Mepe yMeiitmenHH

KOBajieHTHOH cocraBJMiomeM b KpHcraJuiax HeCKOJIbKO yjweHbuiaeTCH <Tmax H

PC3KO Tmaxj pUCTCT OTHOUieHHC Cmaxhmax, mto o6ecneMHBaeT yBejiHueHHe njiacrirq-

hocth. O/jHano, flJiH Bcex KpHcrajuioB, HMeiomHX cymecTBeiiHyio KOBajieHTHyio

KOMnOHeHTy B MOKaTOMHOH CBH3H, OTHOLUeHHe (Tmax/Tmax OCTaeTCH 3HaHHTejII>H0

HH>Ke, MeM Rim miacrH^Hbix MeTannoB c njiOTHO-ynaKOBaHHoii KpHCTajiJiH^ecKOH

peuieTKoii h ajih Bcex sthx KpHcrajuioB xapaicrepna pe3KaH TeivinepaTypHaH

saBHCHMOCTb npeaena TeKyqecru b iunpoKOH oojiacru TeMiiepaTyp, npnjieraiomeH

k 0 K (pHC. 1).

* TTaHHag paGoTa npoBefleHa b paMKax Me>KaKafleivumeeKoro coxpyflmmecTBa AH CCCP

(TTHCTOTyT npo6neM MaTepnajionefleHHH AH YCCP) h Cep6cKofi aKane.wHii HayK n hckvcctb.

361
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B [2,3] 6btiro BBefleHO npeacraBJieHHe o xapaKTepHCTiraecKOH TeiwnepaType

flecpopManHH t*, ksk TesuiepaType, HHH<e KOTopoft HanpjDKemie naitepjica-HaSappo

craHOBHTCH cymecrBeHHBiM h HaSjooflaeTCH pe3KHft pocr npenejia TeKy^ecTH.

Bjbime t* npaicnpiecKH Bee pacoviaTpHBaeMbie KpHcrajuifci MoryT ruiacTEwecKH

fletpopMHpoBaTbCH, a pa3pymeHHe o6braHO hocht bh3khi1 xapaicrep. OAHaKO,

HH>Ke 3toh TeMnepaTypbi o6wmho Ha6jno,uaeTCji KBa3nxpym<oe hjih xpynnoe

pa3pymeHHe ckojiom. ripeflcraBJieHHe o xapaKTepHCTiraecKOH TeMnepaType Ae<pop-

MainiH no3BOJiaeT c eflHHbix no3HUHH nofloirrH k bjihhhhio TeMnepaTypbi Ha

MexaHH3M aecpopiwauHH h pa3pymeHHH h MexamraecKHe CBoftcrBa KOBajieHTHbix

KpHCTajuioB, Tan Kan npn nocrajKeHHH t* bo Bcex KpHcrajuiax cymecTBeHHO

h o/niOTHiiHO H3MeHHeTCH jwexaHH3M flecpopManHH h pa3pynieHHH, xapaicrep (pop-

MHpyiomeiicH b nponecce fletpopiwauHH flHCJioKainiOHHOH crpyKTypbi h MexaHH3M

B03BpaTa CBOHCTB IIpH OTJKHre fle(pOpMHpOBaHHbIX KpHCTaJLIlOB.

 

 

Phc. 1. 3aBHCHM0crb TBepflocni ot TeM

nepaTypbi fljw pyma KOBajieirnibix h ^ac-

TIWHO KOBajieHTHblX KpHCTajUIOB [2].

Phc. 2. XapaKTepHCTHMecKaji TeivuiepaTypa

fleipopMaiuiH t* b 3aBHCHMocnt ot napa-

Merpa a [3] .

B paSoTe [3] 6buio noKa3aHO, *ito xapaKTepHCTH*iecKaH TejvinepaTypa Ae-

(pOpMaUHH MOHteT 6bITb OqeHeHa H3 COOTHOUJeHHH

t* « 0,22 a1/2, r«e a = u/kTn. (1)

3flecb u — 3HeprnH aKTHBauHH abhjkchhh flHcnoKauHH, k — nocroHHHafl Bojibu;-

MaHa, Tn„. — TeMnepaTypa iuiaBJieHHH, K. 3Ha^eHne a, a Taione xapaicrepH-

CTHMecKOH TeMnepaTypbi t* npHBeaeHO Ha pncyHKe 2 b cooTBeTCTBHH c [2,3].

B Tex >Ke pa6oTax noKa3aHO, »ito o6a napaMerpa t* h a xapaKTepH3yiOT jKecTKocn.

KpHcraJuiHMecKOH peuieTKH no othouichhio k abh/kchhio AHcnoKauHH h Koppe-

jmpyioT co creneHbio HanpaBJieHHOCTH mchotomhoh cbh3h. HanGojiee BbicoKoe

3Ha»ieHHe a = 15, t* « 0,85 HiweioT KpHcrajuibi, y KOTopbix iweHOTOMHaa cimsb

ihcto KOBajieHTHaH. Jlna. KapSHflOB nepexoAHbix MeTajuiOB t* a* 0,5 — 0,7,

a = 2 -7- 3,5. Jljisi TyromiaBKHx MeTajuiOB c OIJK-peiueTKOH 0,2,

T.e. creneHb HanpaBjieHHOCTH MOKaTOMHoft CBH3H hii>kc, Meiw b apyrax paccsia-

TpHBaeMbrx KpHcrajuiax. CymecTBeHHO, no ajih OAHOTHimbix KpHcrajuiOB r* s»

s» const.
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Ecrm iuiacTHMecKyio Ae<popManHio npoBOflHTb npn t<t*, to thiihmho xaoTH-

necKoe pacnpeae^eHHe flHoioKanjHH. Ecjih >Ke ae<popManHH npoBO/nn-CH npn

t>t*, to nocne He6ojn.iuoii kphthmcckoh creneHH aetpopMauHH (})opMnpyeTCH

HMeHcran flHCJiOKaimoHHaa crpyKTypa.

B [4] Smjio noKa3aHO, «ito Bcer^a BbinojiHHeTCH yaioBHe tv&^t*, r/je

£rH — TeiwnepaTypa Haqana peKpHCTajiJiH3anHH . J^jih KOBajieHTHbix KpHcrajuiOB

Si h Ce rp11 = 0,84 -f- 0,9 Tn„.; rpH y6biBaeT no Aiepe CHamewia mchotomhoh

cbh3h, xapaKTepH3yeM0H napaiweTpaMH a h t*.

IloHHTHe o xapaKTepHcriraecKOH TeMnepaType aecpopMauiiH HiweeT npHHUH-

rmajihHoe 3HaieHHe Kan ana Bbi6opa TexHOJioraH nojryyeHHH H3fleJiHH MeTOfloiw

nopoiiiKOBOH JweTajuryprHH, Tan h ana. oneHKH cbohctb cne^eHHbix MaTepnanoB

[5]. Tan, TejvraepaTypa ropH^ero npeccoBaHHH ecrecTBeHHo Bceraa aonxaia

npeBbimaTb t*, a TejvuiepaTypa cneKaHHH aojiHaia onpeflejiHTbOi c yneTOM TeM-

nepaTypw peKpHcrajuiH3anHH.

KoBaJieHTHbie KpHcrajuibi o6jiaflaioT ocoGeHHo pe3KOH no cpaBHeHHio c

apyrnMH KpHcraJuiaMH crpyKTypHoft qyBCTBHTejibHocTfcio iwexaHHiecKHX cbohctb.

TeiwnepaTypa hx xjhi;thojiomkocth mokct 6biTb onpeflejieHa [2] H3 cooTHOiueHHH

_L = ^_AAln4xfc (2)

Tx 2 u

rae A = const ana aaHHoro MaTepnajia h ycjiOBHH HcnbiTamra, d ^ — 3(p(peK-

THBHblH pa3Mep 3epHa, OrpaHHMHBaiOmHH flJIHHy njlOCKOCTH CKOJIBHCeHHH. B

TyronjiaBKHx MeTajuiax c OUK-pemeTKOH (xpoin, MOJinSfleH, BOJibcppaM) yivieHb-

uieHHe d 3$ no3BOJMeT CHH3HTb Tx flo KOMHaTHon TeMnepaTypbi, oflHano, b Kap-

Gnflax h flpyrnx KOBaneHTHBix KpHcraJinax c BbicoKHM 3HaHeHHeM t* 3HaqeHHe

Tx oSbWHO Bcerfla Bbime KOMHaTHOH TeMnepaTypbi h, cJieflOBaTejn>Ho, b pa6oMHH

HHTepBaji TeMnepaTyp b sthx MaTepnajiax Bceiyja nonaflaeT HHTepBaJi xpynKoro

hjih KBa3HxpynKoro pa3pyineHHH.

Hn>Ke Tx, Koiyja MHKpocKonn^ecKaH flecpopMainui He npeflinecTByeT pa3-

pymeHHio, ocoSoe 3HaieHHe HiweeT Bejnnnma TpennnrocTOHKOCTH — KpHTiraecKoro

Koa^xpHUHeHTa hhtchchbhocth HanpflH<eHHH K\c. HajiH^uie noBepxHOCTHbix h

BHyTpeHHHx aecpeKTOB b 3T0H oojeicth TeivuiepaTyp pe3KO CHioKaeT BejnmHHy

npo^HOCTH at, KOTopyio mo>kho oneroiTb H3 cooTHomeHHH Kie = of (to)1/2>

rfle a — pa3Mep fletpeicra. B to >Ke BpeMH TeMnepaTypa cpaBHHTejn.HO aia6o

bjihhct Ha npoiHOCTb npn T<TX. 3Ha^eHHe Kic flJra pHfla KOBajieHTHbix i<pn-

CTaJuiOB npHBeAeHO b Ta6ji. II b cooTBeTCTBHH c [6]. 3HaMHTeju>Hoe yBejnmeHHe

TABJIHUA II. TpemHHOcToflKocTb (BH3K0CTb paapymemui) BbicoKonpomibix wurrepHajiOB.

MaTepiiaji C*

aJiMaa

c*** BN** SiC* Al2Os* Si* ZrC* NbC** TiC* TiC** SisN4***

Kic,

i

MH m-»'» 6,3 10 6 2,7 3,3 1,3 3,2 3,8 2 7,3 8

MOHOKpucTsuui, ** nojmKpHcTajiji, *** flHcnepcuoe yupomeHHe.

Kic MOHceT 6biTb flocTHi-HyTo AHcnepcHbiM ynpoMHeHHeM xpynnoro MaTepnajia

HacnmaMH BTopoii cpa3bi 3a cveT yajiHHeHHH (J)poHTa TpemHHbi npn 3aaep>KKe

ero Ha ^acnmax. IIpH stom K\c 3aBHCHT or coaep>KaHHH BTopott (pa3bi no kphboh

c MaKCHMyMOM. 3KcnepHMeHTaJibHo oto flBJieHHe 6bmo H3yueH0 Ha mohokph-
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crajijiax ajiMa3a, ynpotmeHHbix MacrHuaMH t.h. Bi ueirrpoB [7] (pnc. 3), a TaiOK-

npH AHcnepcHOM ynpomieHHH Si3N4, nojiyMeHHOM AieTOflOM nopouiKOBOH Mee

TajuiyprHH (cm. Ta6ji. II). 3Ha*iHTeJibHoe yBejumeHHe Kic MO>KeT 6bm> aocthtc

HyTO 3a CMeT (JjopMHpoBaHHH MejiK03epHucTOH crpyKTypbi b nojiHKpHcrajuie -

noBbimeHHoft npoHHocTbio rpamm (cm. TiC b Ta6ji. II).

Bbime TeMnepaTypw xjiaflHOJioMKocrH Tx b KOBajieHTHbix KpHcraiuiax

HaSjuoflaeTCH pe3Koe na#eHHe npe^ejia TeKytiecrH h noBbiiueHHe iuiacTHMHOCTH

b cpaBHHTejibHo y3KOM HHTepBajie TeMnepaTyp. Ecjih HHH<e Tx MOHOKpHcrajuibi

o6biMHO HMeiOT 6ojiee Bbiconyio npoMHOCTb nem. nojiHKpHCTajuibi, to npn TeM-

nepaiype Bbiuie Tx KapTHHa npoTHBonojio>KHaH — npeaeji TeKynecTH h HanpjoKe-

HHe pa3pymeHHH ajih nojiHKpHcrajuiOB MoryT Gmtb cymecTBeHHO Bbiuie *ieM

Ajih MOHOKpHcrajuioB. Tan, crpyKTypHaH *ryBCTBHTejibHocrb npe^ejia TeKyMecTH

yflOBJieTBopHTejibHO onHCbraaeTCH ypaBHeimeM XojiJia-IIeTiia.

Ace cto c nonpaBKoft Ha (paicrop MHo>KecTBeHHOCTH cKOJib>KeHHH m coBnaaaeT

r npe^eJiOM TenytiecTH MOHOKpHcraJuia, Ky — nocroHHHaH ajih namioro Ma-

repnajia. OneHKa Ky MoweT 6biTb BbinojiHeHa no <E>pHaejiio [8] : A'y = 0,2 mGbllz,

Tne G — Moaynb cuBHra, b — BeKTop Broprepca. 3th ohchkh yaoBJieTBopHTejitHo

coBna^aioT c SKcnepHMeHTajibHbiMH 3HaqeHHHMH. CHHJKeHHe ck 3a cmct cjwpMH-

pOBaHHH MeJlK03epHHCT0H CTpyKTypbl H OCOSeHHO ItyTeM C03flaHHH pa3opHeHTH-

poBaHHoft H^eHcroH AHCJioKauHOHHott crpyKTypbi no3BOJiHeT noBbiCHTb npeflen

TeKy^iecTH b 2 — 3 pa3a. Ilpn bmcokhx TeMnepaTypax (Bbiuie Tx) HanpaweHHe

pa3pynieHHH at = ct8 + Act, iyje Act — ue^opMaunoHHoe ynpo^HeHHe. JJecpop-

MauHOHHoe ynpouHeHHe TaK>Ke hbjihctch CTpyKTypHO-nyBCTBHTejibHoii BejnmHHOH

h pacreT c yMeHbinemieM pa3Mepa 3epHa [9]. HajiHine nopHcrocTH npHBOflirr

k CHHH<eHHio npoiHOCTHbDC xapaKTepucTHK b uiHpoKOM HHTepBajie TeMnepaTyp.

IIpH 3tom yMeHbuieHHe pa3«epa 3epHa npHBOflHT k noBbimeHHio npo^HOCTHbix

xapaKTepncTHK h b nopncTbix MaTepnajiax. H3 pnc. 4 bh#ho, mto b umpoKOM

HHTepBajie H3MeHeHHH Harpy30i< Ha HHneHTop TBepflocrb MejiK03epHHCToro MaTe-

pnajia Bbiuie TBepupcTH KpynH03epHHCToro. Ha pnc. 5 TeMnepaTypHan 3aBHCH-

Mocrb MHKpoTBepAOCTH cne^ieHHoro MOJiuBueHa npH Harpy3Ke Ha HHfleHrop P = 5H

conocraBneHa c MHKpoTBepnocrbio MOJinSueHOBoro MOHOKpHCTajuia. Bhaho, mto

CHHH<eHHe MHKpoTBepflocTH sa c^ieT nopiicTOCTH 0Ka3bmaeTCH 6ojiee cymecTBeHHbiM

ueM ee pocr 3a cneT nepexoua ot moho- k nojinKpncrajuiy. YBejumeHHe nopn-

ttocth MaTepnajia h ucxo/iHoro pa3Mepa 3epHa npHBOflHT k CHHH<eHHio mhkpo-

cBcpflocni bo nce.M n3yMcmio.« unipoKOM miTcpBa.'ie TCAiriepa'ryp. (pnc. 5)

 

PMC. 3. 3aBHCHMOCTb BH3KOCTH pa3pyilie-

hiih KpiicTaJuiOB aiuvia3a, ot K03<p(pimHeHra

onriwecKoro noraomeHHH <* 8,5, nponop-

UHOHajIBHOrO KOHueirrpauHH Bi — ueHrpoB

[7]. 1 — T = 20°C, 2 — T = 1000°C.
<&ts cnf1

(3)
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Ohhhm H3 nepcneKTHBHbix AieTOflOB nojiyueHHH BbicoKonpo^Hbix MaTepnajiOB

Ha OCHOBe KOBajieHTHLIX KpHCTajlJIOB HBJIHeTCH C03flaHHe flByX(J)a3HblX CHCTeJtt.

IIpHMepOM TaKOH CHCTeMbI MOH<eT 6bITb CaMOCBH3aHHLIH KapSHfl KpeMHHH, co-

ctohihhh H3 Kap6HflOKpewHHeBoro KapKaca, npornrraHHoro KpeMHHeM. Bjihhhhc

 

Ul . ■ 1 -J

0 (ft IP U 20

Phc. 4. BjiKjnme HarpyaKH Ha HRfleHrop

Ha MHKpoTBepAOCTb cneqeHHoro iwojra6fleHa

c pa3jnmH0H BejiHMHHoft HcxonHoro 3epHa

d h nopHCTOCTbio 77. 1 — d = 2 mkm,

77 = 2,58%, 2 — d = 5 mkm, 77 = 3,8%,

3 — d = 10 mkm, 77 = 8,45%.

 

473 673 873 B73 1273 1473 1673 T.K

Phc. 5. Bjihhhhc TCMnepaiypbi Ha mhkpo-

TBepflocn> MOHOKpHCTajunnecKoro mojih6-

fleHa (1) h cneieHHoro nojiHKpHcrajiJiHMe-

CKoro MOjmSAeHa (2,3): 2—d = 2 mkm, 77=

= 2,58%; 3-d = 10 mkm, 77 = 8,34%.

TeiwnepaTypbi h crpyicrypHbix (paKropoB Ha MexaHHnecKHe CBoiiCTBa TaKoro

MaTepHajia ynoBJieTBopirrejibHO ormcbiBaeTCH c yneTOM cbohctb k£ukaoh <J)a3bi

b paMKax H3Jio>KeHHbix npeAcraBJieHHH [10]. ,i£jih cruiaBOB c Hcnojib30BaHHeM

TyronjiaBKHX iweTajmoB c OLIK-pemeTKoft nepcneKTHBHbiM hbjihctch co3naHHe

MejTK03epHHCTbIX HByXCpa3HbIX CHCTeiH, B KOTOpbK OHHOH (pa30H HBJIHeTCH

xpynKHH npH hh3khx TeiwnepaTypax, ho BbicoKonpoHHbHi a-TBepnbiH pacrBop

Ha ocHOBe MeTajuia c OHK-peuieTKOH, a BTopofi (pa3oft — ruiacTHHHbiH Y-TBepnwH

pacrBop Ha ocHOBe MeTajuia c iuiOTHo-ynaKOBaHHoft pemeTKOH. OnrHMajibHoe

coneTaiiHe sthx nByx (pa3 o6ecneHHBaeT KaK >Kaponpo*JHOcn>, TaK h HeKOTopyio

HH3KOTeMnepaTypHyio ruiacTHHHocTb. Ilpn ManoM pa3Mepe 3epeH TyronjiaBKoro

MeTajuia jionajiBHaH KOHueHrpauHH HanpHH<eHHH Ha rpammax 3epeH Jier-no pe-

jiaKcnpyeT 3a cneT cocenHero 3epHa ruiacTHHHOH y - 4>a3bi. B HeKOTopbix cjiyqanx

nojiyMeHHe non.o6HOH HHcnepcHOH CMecH HByx cpa3 mokct SbiTb ocymecrBJieHo

nyreM TepftuwecKOH o6pa6oTKH (3aKajn<a h crapeHHe) cmiaBa, nojiyneHHoro

jnrreHHbiM cnocoSojw. ITpHMepoM mohcct 6biTb cnjiaB Cr + 32% Bee Ni [2, 11];

a TaKHce 6ojiee cjiowHbie ciuiaBbi CHcreMbi Cr — Ni — Fe. nojiyneHHe Taiorx

CMeceft oco6eHHo nepcneKTHBHO npH Hcnoju>30BaHHH MeTona nopouiKOBOH Me-

TamryprHH. B otom cjryiae co3naeTCH nopncTbiH Kapnac H3 TyronjiaBKoro Me

Tajuia, KOTopbiH 3aTeM nponHTbrBaeTCH ruiacTHHHbiM MeTajuioM. H3BecTHbi cruiaBbi

Ha ocHOBe M0JiH6fleHa h BOJibcppaiwa, nponHTamibie Menbio h HHKejieM. H3 rrpH-

BefleHHbrx flaHHbrx hjih cruiaBOB Mo—Cu (phc 6) bhhho, mto noBwuieHHe koh-

qeirrpauHH iuiacTHMHoro MeTajuia yBejnmHBaeT ruiacTHMHocTb cmiaBa h chhhoct

ero npoHHOCTb. OcraTOHHaH nopHcrocTb TaiOKe chhhoct njiacraHHOcrb flByx-

(pa3Hbrx CHcreM. OnHaKO, bo Bcex H3yneHHbrx cnjiaBax rrpn KOHHeirrpauHH Cu
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6oJiee 33% oSbeMHbix pa3pyuieHHio npeflinecTByeT MaKpocKommecKaH iuiacrH-

MecKaa /je^opMainui. 3to cBHaano c bjkbkhm xapaicrepoM pa3pyineHHH npooioeK

 

MeflH, pacnono>KeHHoft Ha rpaHHuax 3epeH MOJiuGfleHa (pnc. 7). IIpoqHOCTHbie-

xapaKTepncTHKH flByX(})a3Hi>ix KOMno3HimoHHbrx cHcreM b 6oju>uiHHCTBe cny^aeB

yaoBJieTBopHTejn>HO onHCbiBaKyrcH 3aK0H0M ciweuueHHH

a= a<x— (ctcc — cty) Vy, (4)

rae CTa h ay — cooTBeTCTByioiuHe npoiHOCTHbie xapaicrepHCTHKH a h y 4>a3>

Vy — o6T>eMHfiiH npoqeHT y - cpa3bi. PaccMOTpeHHbie npeflcraBJieHHH h npHMepti

CBHfleTejiBCTByioT o tom, mo peajiBHan rrpoiHocrb KOBajieHTHbrx KpHCTajuioB

HaMHoro HHH<e hx TeopcnmecKOH npOTHOCTH. IIpH stom b imrpoKOM hh3kotcm-

nepaTypHOM HHTepBajie TeopcMmecKaH npoMHOcrt He aocTHraeTCH b cbh3h c

xpyriKHM pa3pyuieHHeivi; npn Bbicoi<nx TeiwnepaTypax, Bbiuie TX) npo*mocn>

cnnH<ena no cpaBHeHmo c TeopeTHnecKoii b cbh3h co 3Ha*iHTejn>H0H no/jBH>K-

HOCTMO flHCJIOKaUHH, HTO I3bI3bIBaCT njiaCTH^ieCKyiO fle^OpMaUHK). OflHaKO,

pe3KaH crpyKTypHaH lyBCTBHTeJibHOcrb MexamraecKHX cbohctb KOBajieHTHbrx

KpHcrajiJioB no3BOJiHeT <J>opMHpoBaTb pa3jnraHbie jjjih Ka>Kfloro cjiyyan oiith-

ManbHbie crpyKTypHbie coctohhhh h cymecrBeHHO noBbiiuaTb peajitHyio npoq-

HOCTb MaTepnajiOB.

H 3 B O H

3ABHCH0CT MEXAHHMKHX CBOJCTABA KPTHX KOBAJIEHTHHX KPHCTAJIA

Ofl CTPYKTyPHHX *AKTOPA

BHKTOP H. TPE*HJIOB, JYPHJ B. MHJLMAH, HPHHA B. ITHflliEBA

Mucutuiuyiu 3a tlpoo.iene nayne o hiautepujajtuMa AH YCCP, 252142

Kujet, CCCP

jiPArojbyB n. ycKOKOBWH « momhhjio m. phctite

Mncuiuuiyiu uicxuwiKux Hayxa CAHY, 11000 Eeoipag

KoBiuieHTHH h nammwmo KOBajieHTHH KpHCTariH, Kao ihto cy, Ha npHMep, nHjaMaHT,

6op-HHTpHa, pa3JiHMHTa BaTpocTajiHa jeAHH>eH>a (KapSnflH, 6opn/jH h ap.)> nUK BaTpocrajiHH
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Merajin h b&uhkh 6poj flpyrax, HMajy BejiHKy TeopujcKy trapcrohy. HiKxoBa peajiHa iBpcroha

je mi 36or fletpeKTHe KpncTarae cTpyiaype h KpTor noiwa, kojh je KapaKiepBCimaH 3a oBe

MaTepHjane y umpoKOM TeMnepaTypcKOM HwrepBajiy. BejmKH 6poj norooHHx KnaoHpHKaintja

KOBajieHTKHx KpHcrajia, 3acHOBaH Ha h>hxobhm MCXaHKMKBM oco6HHaMa h flecbopMautioHHM

MexaHH3MHMa, BraoMa je y carjiacHocni ca BpeaHocTHiwa h>hxobhx KapaKTepKcnmtHX tcw-

nepaTypa /ie(bopMaiiHje. Ohc Bapiipajy on 0,85 7"m (Tm — Tawa TOnne&a) 3a KOBajieHTHe Kpn-

crajie kojh HMajy jjiijaMaHTCKH mn peiueTKe, po 0,2 Tm 3a nUK MeTajie. KopncxehH oBy tcm-

nepaTypy Kao pecbepeHTHy Tawy, mo>kc ce ca oniirrer ocncKn onncani MexaHnaaM aecpopivia-

ioioHor JiOMa h onopaBjbaibe 3a Bpe.Me oarpeBaita cbhx KOBajJCHTHHX h flejiHMHHHo KOBajiCBTHHX

KpHCTajia. KoBajienTHH KpHCT&mi iiMajy MexammKe oco6HHe Koje cy noce6HO oceTJbHBe Ha

aHXOBy CTpyicrypy.

(IIpHMJbeHo 29. anpiuia 1982)

SUMMARY

DEPENDENCE OF MECHANICAL PROPERTIES OF

BRITTLE COVALENT CRYSTALS ON STRUCTURE FACTORS

VIKTOR I. TREFILOV, YURII V. MIL'MAN, IRINA V. GRIDNEVA

Institute of Material Science, Academy of Sciences of the Ukrainian SSR,

252142 Kiev, USSR

DRAGOLJUB P. USKOKOVIC and MOMCILO I. RISTlC

Institute of Technical Sciences, Serbian Academy of Sciences and Arts,

11000 Belgrade, Yugoslavia

Covalent and partially covalent crystals such as diamond, boron nitride, various refractory

compounds (carbides, borides etc.), BCC refractory metals and a number of others are of highest

theoretical strengths. Their real strengths are lower due to crystal structure defects and to the

brittle character of their fracture in a wide temperature range. The most appropriate classification

of covalent crystals based on their mechanical properties and deformation mechanisms is made

according to the values of their deformation characteristic temperature. The latter varies from

0.85 Tm (Tm — melting point) for covalent crystals with diamond-type lattice to 0.2 Tm for BCC

metals. Using this temperature as a reference point, one may describe from a common viewpoint

the mechanisms of the deformation fracture and recovery while annealing for all covalent and

partially covalent crystals. Covalent crystals have mechanical properties which are especially

sensible to their structure.

(Received 29 April 1982)
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nPEJ],CKA3HBAIi.E IIAPAMETAPA PABHOTE>KE CHCTEiWA ETAH —

yrJLEHJIHOKCH^ ^HPEKTHOM METOJJOM y HHTEPBAJiy OJX

223 RO 283 K

CJIOBOJIAH IIIEPEAHOBHTi, OJirA UIHIIOBAU, h BOJAH T.OP'BEBHTi

TexHOAoiuKo-Meiua.iyputKu <p~aKy.iiueui yuueep3uiueuia y Eeoepady, u.iip. 494, 1 1001 Ecozpad

(npiiMjbeHo 24. iwapia 1982)

H3BpuieHO je npe,icKa3HBaii.e H30TepjwcKe paBHOTewce napa — Te^HOCT

CHcreMa eraH — jTJbeHflHOKCH^ Ha TeiwnepaTypaMa 223,16, 243,16, 263,16 h

283,16 K fliipeKTHOM mctcvjom y3 KopHinheite Redlich-Kwong-ODe jeaaanmie

crraiba. Be3flHMeH3H0HH napaiweTpn f2a h £2b eTaHa h yrjbeHflHOKCHfla cy OApefjeiui

no Joffe-Zudkevitch-eBoj mctoah h ycnocraBJbeHa je ibiixoBa aHajiirrHMKa tcm-

nepaTypHa 3aBHCHocr. flo6njeHH pe3yjiTaTH yKa3yjy Ha onpaBflaHOCT Kopmuheifea

OBaKBor npHcryna.

KapaKTepH3aitHja paBHOTOKe (pa3a napa — tc^hoct 6hjio kojhm Tepiwo-

flHHaMH^iKHM npncrynoM npeTnocraBJba pHropo3Hy oSpa^y noflaiaKa TaKBHM

aHajiHTiWKHM H3pa3HMa Kojn he oSyxsaTHTH 6nTHe djaicrope a nojn cy npe cBera

nocjieflima npHpo^e HoiHTHBaHiix cjwenia h ycjiOBa nop, KojHMa ce paeHOTOKa

cpa3a nociwaTpa.

MnaeHHua je aa jjaHac, y npmvieHH AiipeKrae MeTO^e Ha npeacKa3HBaH>e

napaiweTapa paBHOTOKe, He nocToje yonuneHe jeflHaqnHe craiba, hhth H>HxoBe

MOAH(j)HKaHHje KojHMa ce uinpe pemaBa oBaj npo6jieM. Ji3 thx pa3jiora ce neinhe

cneiuicjjHHHpajy ycjioBH cba3He paBHOTOKe hjih KJiace cyncraHnnja Koje ce 06-

pat)yjy, mrae ce c jeaHe crpaHe aaje MoryhHocr ycnocraBJbaiia eiwroipHjcKHx

h nojiyeMnapHjcKHX jeflHamma a c apyre crpaHe TeopnjcKnx Mo^ejia KojH

3acHHBajy Ha MOJieKyjiCKHM napaitterpHMa. TeopnjcKH npncrynn, HaKo Tpne

3HaTHO Beha orpaHH^efta, noceSHO cy noro/nw 36or MoryhHOCTH eKcrpanoJia-

UHja h to necro Ha eKcrpeMHe ycjiOBe kojh cy Heflociymoi aa eKcnepHMeHTe hjih

npncyTHH y HnaycTpnjcKoj npancH. EMnnpHjcKHM je/niayHHaMa ce, nai< ,ycnem-

HHje peiuaBajy npoGjieMH HenojiapHHx hjih c;ia6o nonapHnx cyncTaHunjayn h>hxo-

bhx ciweuia, cncreMa KojH cy *iecTo npncyTHH y nerpoxeMnjcKoj HHAacrpHjH.

y obom paay ce fleTajbHnje aHajiH3Hpajy hckh npo6jieMH Be3aHH 3 Hamm

oflpel)HBaH>a n npHKa3HBaH,a napaiwerapa jeflHOcraBiinx jejjHanHHa crania (moah-

cjiHKanHje Redlich-Kwong-oBe jeflHa^HHe) npH npe;icKa3HBaifcy napaiweTapa 1130-

TepiwcKe paBHOTOKe cncTeivia eraH — yrjbeHAHOKCHA.

HAmiH TPETUPAILA nAPAMETAPA V REDLICH-KWONG-OBOJ JEffHAWIHH

CTAIhA

Redlich-Kwong-oBa (RK) je/iHaMHHa craiba1 je ca cbojhm MOAHcbHKanH-

jaiwa Bpjio necro y HHH<eibepcKoj ynoTpeSn. Obomc cy AonpHHejin npe CBera

369
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BMSH jeflHocraBHOCT H (pjickchShjihoct , a 3ainM h MoryhHocro yomirraBaBba

Koja ce Ha 6a3H OBe jeffHamoie Bpuie275.

OpHrHHajiHH RK o6jihk:

P=-*^- a (1)

V-b T0-* V(V-b)

HMa flBa napaAierpa, a h b, KojH cy (pyHKUHja kphthmhhx BejiHWHa:

o WW*
a=Cl» — (2)

c- (3)

Pc

Redlich h Kwong cy 6e3flHMeH3HOHe B&iHWHHe £ia h £2b oapeflHJiH H3 ycjioBa

3a KpHTHMHy H30Tepiwy: (dPldV)Tc=(d2PjdV2)Tc=0 h aoohjih yHHBep3ajiHe

BpeflHOCTH Oa=0,42748 K i2b=0,08664.

AyropH npefljia>Ky jeflHa»aiHy (1) 3a Hen&jiapHa h cjiaSo nojiapHa ]ejsa-

H>eH>a, y urapoKoiw oncery npHTHCKa h TeivmepaType.

ripn KopmiiheH>y RK jeflHa^HHe 3a ciweiue Redlich H Kwong cy nouum

on cjieaehHX npaBHJia Meiua&a 3a napaitterpe a h b:

a = S S y{ yt an (4)

« i

b = -Lyt bt. (5)

i

3a 6HHapHy KOHCTamy an npHAieHHJiH cy cneaehe npaBHJio KOM6KHOBaB>a :

an = (fin a/y)0,5 ai} = a}i 3a »'#;'. (6)

,D,a 6h ce npoiiiMpmia o6jiacrr npimeHe RK jeflHaiHHe, naKO y norjieay

paanHHHTHX KJiaca cyncraHUHja h h>hxobhx CMeina, TaKo m y o^HOcy Ha iiito Sojte

npeacKa3HBafte TepMo;nraaMH*n<HX BenHMHHa h Kopejmcaite BOJiyMerpHjcKHx

oco6roia cyncraHinija paamwHTHX craH>a arperaimje, y JDrrepaTypH je npeflJioweH

BeJiHKH 6poj MOflHcpHKauHja OBe je^HatniHe. HajonuiTHje noawaipaHo, MO,zjH(pH-

Kaipije RK jeflHamffle ce Mory noaejiHTH y TpH rpyne, npH lesiy je pa^H no6ojb-

maifca opHnmajiHor oSjiHKa H3BpuieHo:

a) npOMeHa H3pa3a 3a oflpet)HBaH>e KOHcraHTH,

6) AonaBaibe KopeKUHOHor uiaHa opHnniajffloM oSjiHKy je,nHa<niHe,

b) KopeKUHja npaBHJia Meuia&a h Koiw6HH0BaHba.

C o63HpoM fla ce y obom paay oapehyjy 6e3flHiweH3HOHe KOHCTamre Ci» h

Ob, Koje (pHrypHiuy y je^HaMMHaMa (2) h (3), to he Haaajte 6hth pa3siaTpaHe

MOflHcpHKaimje RK jeflHamme Koje oGyxBaTajy npoivieHy H3pa3a 3a oapehHBaibe

KOHcraHH wcthx cyncraHUHja. ,H,eTajBHHje o ocTajnm MOflHcpHKainijai«a h npH-

cryimMa bhucth y jnrrepaTypH5.

HajjeAHOcraBHHja MOflHcpmcaiBtja 6h ce cacrojana y TperHpaiby £2» h

Kao (pyHKUHja (paicropa aueHTpuHHocra6-8, a 3aTHM je yBe^eHa h TeainepaTypHa

3aBHCHocr obhx napaMCTapa. KnacHtpHKaipija Mo^HcpHKautija RK jeflHaqHHe npH
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TAEJIHUA I. KnacHtpHKaunja MOAH<pHKairnja RK jeflHamiHe

K/iaca Mncra cynCTaHUHja Citterna HanoivieHa

Z=Z (T, V, a, b) a, b — Kapai<TepHCTHKe

I Z=Z (T, V, a, b) a=a (yt, at, Ct;) cyncTaHruije;

b=b (yt, bi) npaBHJia Meuiaiba ce npa-

Meayjy 3a CBaKH napaiweTap

Z=Z (T, V, a, b) Z=Z (T, V, a, b) a, b — o;iper)yjy ce H3

II a=a (Te, Pc,a) a=a (yi, at, Ctj) npmnnma KopecnoH^eH-

b = b (Tc, Pc, a) b=b (yt, bt) thhx craiba;

npaBiina Meiuaita 3a CBarai

napaiueTap

Z=Z {Tc, Vc, Co) onzuTH napaMerpH

III* Z=Z {TTS Vr, to) 7c=7*c (yi,TQt,VcuKi}) npaBitna Meuiaiba 3a ncey-

Vc=Vc (yi, Vet) flOKpjrrmiHe Bempame;

* III Kjiaca je Hanuia npHiweHy ko/j KOM6HHOBaHe Lee-Kesler-oBe MeTOfle9,10.

TAEJIHUA II. MoflH4)HKauHje napaMerapa RK jeflHawHHe y npeflCKa3HBaH>y paBHOTewe

napa-TeMHocr

Kjiaca Mo/j,ncpn- Ycjiobh oApebiicaiia yonurraBaihe

Ay Top h jeflHatnrae KOBaHHna- napaiweTapa napaMCTapa

paMeTap

Wilson11 I a JTmC Jexp «a

Chueh h Prausnitz2 I

ai, as

' r»fl V exp

r rmft ' «xp

He

Zudkevitch h Joffe12 I Qa, Ob K r»C ' «xp He

/"L — fL

Joffe, Schroeder H I n0, nb
VL — V-

hc

Zudkevitch18

' r»C ^«p

Vogl h Hall14 I n., n„ onniMii3aniija no «a

H30TepMH

Wenzel h Peter15 I a, b K r»fi ^ exp He

Soave18 II a fla

Chaudron, Asselineau II orrrHMHsairHja no «a

h Renon7 H30TepMH

V- — V-' raC — ^ exp

Hederer, Peter I a+, b, a /r«{ =/r»e

h Wenzel8

Kato, Chung h Lu17 I o», nb
r^* _ t/i.

Her r*c K exp

Kato, Chung h Lu1B I
T/L _ T/i-
K r»6 — K exp «a

/r»ft ~/r»*

Hamam, Chung, II n., nb
T/t __ f/i.
' raft — ' Cxp ,ia

Elshayal h Lu19
/L _fV

Graboski h Daubert20 II a J raft ~/r*<! «a

H3pa^yHaTe BpeflHocni iwojiapHe 3anpeMHHe 3acHheHe Tetrae h napHe dia3e

■ eKcnepHMeHTajTHe BpeflHocTH MOJiapne 3anpeMime 3acHheHe TeiHe h napHe dja3e

H3patryHaTe Bpe^nocTH (pvramrreTa 3acTihene Te^n<e n nan'ie (4ia3e

03HaKe :
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/J1;, — eKcnepHjweHTajiHa BpeAHocr epyrauHreTa 3acnheHe TetHe (pa3e

— irapaiyHaTa bpcahoct npoMeHe MOJiapHe enTaJiniije npii (pa3Hoj TpaHapop.Mamijn

napa-TeiHocr

A//,Vp — CKcnepHMetrrajiHa BpeflHocr npoMeHe MOJiapHe eHTajuiHje npn cpa3Hoj TpaHCtpop-

MaiwijH napa-TeMHocr

Ka3aHa je y TaSjiHUH I, aok cy y Ta6jiHUH II aaie Ba>KHHje MOAH(pHKaimje napa-

Merapa RK jeAHa^HHe, Koje ce Kopncre y npeflCKa3HBaBby paBHOTewe napa —

TeMHOCT.

OXPEBHBAIbE EE3HHMEH3MOHHX IIAPAMETAPA fi. u Qb RK JERHAmtHE HA

EA3H JOFFE-ZUDDKEVITCH-EBOr TlPHCTyriA

Joffe h Zudkevitch cy aajiH MeTo^y13 3a oflpetjHBaite 6e3AHMeH3HOHHx

napaMerapa wcthx cyncTammja Q» h 12b, KojH cpHrypwiuy y jejxaammaMa (2) h

(3); y MeroflH ce OBe BejnwHHe Tperapajy y cpyHKUHjH TeivinepaType. Maaa ce

iia h Qb OApetjyjy H3 oco6HHa 3acHheHe TeMHe cpa3e (3anpeiwHHa h HanoHa napa)

BpeflHOCTH obhx BejiHMHHa ce KopHcre h 3a npopauyHe y napHoj (pa3H.

MeTOfla 6a3Hpa Ha jeAHaKocra KoecpHnHjeHara (pyrauHTeTa y paBHOTOKHoj

Te»moj h napHoj (pa3H qHcre cyncraHHHje, oahocho:

<P*T=?Y (7)

Redlich-Kwong-OBa jeAHamuia craifca je OBAe npHMeH>eHa Ha H3paMyHaBaifce

KoetpHUHjenaTa (pyranHTera o6ejy <pa3a, Te^me h napHe:

ln,L = ln_^L_ + ^_1_ _f_tal^±» (8)

P(VL-b) RT RT^b

ln<pV = In 1 In —— (9)

P(VV-b) RT RT^b

H3jeflHaMaBaH,eM acchhx crpaHa jeflHa*oma (8) h (9) h npeypet)eH>eM ao-

SnjeHor H3pa3a, y3 Kopnuihette pejiaunja (2) h (3), Ao6nja ce:

ln VV-b P(FV-FL)

£J. = — — (10)
(ta i.« ,n vvjy^+b)

CiiMyjiTaHHiw peuiaBaH>eM jeflHaTOHa (1) h (10) 3a cBaxy oa pacnoJiOHCHBHX

TCMnepaTypa hoioa KpHTmrae TeMnepaType, H3paiyHaBajy ce oAroBapajyhe BpeA-

hocth 6e3AHMeH3Homix napanieTapa Qt k i^. PemaBaH>e obhx jeAHa»niHa ce Bpuia

HTepaTHBHHM nocTynKOM. 3a KpHTipmy Taqny (rAe je Vv = Vh) jeAHawHa (10)

nocraje HCAecpHHHcaHa .

Joffe h Zudkevitch-eBa MeroAa ce KopncTH 3a H3pa*iyHaBaH>e napaiweTapa

Qa h £lb mhcthx cyncraHnH, Koje cy 3a HcnHTHBaHy ciwemy noTKpHTHtme Koamo-

HeHTe .
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Bjiok AHjarpaM, Ha ocHOBy Kora je ycnoeraBJbeH (FORTRAN) noorpajw

3a 0flpel)HBaH>e 6e3flHMeH3HOHHx napaiwerapa no oboj MeroflH npHKa3aH jeHa

cniimi l .

{stmt)
 

CjiHKa 1- Ejiok /nijarpajw 3a 0ApeF)iiBaH>e

6e3AHMeH3Homix napa.werapa Qa h On

miCTHx cyncraHUH no meroaa Joffe-Zud-

kevitch-a13

nocrynaK npopaqyua cacrojH ce y cjieAehe«:

1. YTOTaBaae no^aTaKa:

a) Pc, Tc — KpHTHiaH npHTHcan h TeMnepaTypa,

6) P, VL, T — eKcnepHMeHTaram BOJiyitterpHjcKH noaauH 3a ^Hcry 3acHheny

Te*IHOCT,

b) £2b =0,045 (Obo je noronjia BpeflHocr 3a npBy nperaocTaBKy napaivieTpa

Qb KojH ce o,npef)yje).

2. OApeI)HBaH>e KOHcraHTe b H3 jeflHamiHe (3).

3 . H3paiyHaBaH>e KOHcraHTe a H3 jeaHaqime ( 1 ) KopmuheibeM ywraHnx P—VL—

— T BpeAHOCTH.

4. H3paqyHaBaH>e £2J H3 jeAHaMHHe (2).

5. H3Hajia>KeH>e 3anpeMHHe 3acnheHe napHe (pa3e H3 jeflHa^HHe (1); oua jefl-

HamiHa je Tpeher creneHa no 3anpeMHHH h n»eHo peiuaBaite je oMoryheno

HTepanHOHHM nocnynKOM (noraporpaM RTMI), npn ue.wy ce 3a 3anpeMHHy

napHe (Jme y3HMa HajBehH KopeH.

6. H3paqyHaBaH>e £2n H3 jeAHaqnHe (10).

7. HaiHTHBanbe KpHTepHjyiwa KOHBepreHintje |QJ — | < z rAe je z yiianpc^

saflaia (>KeJi>eHa) TaiHOcr.

8. Ka#a 3aflara KpHTepnjyM KOHBeprennHje HHje 3aflOBOJbeH, npopaqyH ce

HacraBJba oa Kopana 2, npn ^reiwy ce 3aflaje noraa Bpe/ntocT napasieTpa CV
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9. Ka#a je yaiOB KOHBepreHmtje 3aflOBOJbeH pe3yjrraTH ce HCimcyjy.

10. 3aBpuieTaK nporpaiwa.

KoHBepreHimja ce y obom nporpaMy nocrH>Ke MeroflOM irrepauiija.

OracanH nporpaM oMoryhaea H3pa^yHaBaH>e flHCKpennix BpeaHocra D« h

Qb 3a CBaKy on pacnojio>KHBHX TeMnepaTypa y o6jiacrH TZ<1. Y ciyqajeBHMa

Kafla eKcnepHMeHTajiHH noaaijH 3acHheHMX tocthx Te^mocrH (P—Vh—7") 3a

pa3iwaTpaHy TOinepaTypy HHcy aocrynHH, noipe6Ho je Hahn TeivmepaTypHy 3a-

BHCHOCT fia H Qb> na 3aTHM H3 flo6lljeHHX aHajIHTIWKHX H3pa3a Tpa>KHTH OflTOBa-

pajyhe BpeflHocra 3a napaMerpe.

riapaivieTpH 12a h £1* cy y obom paay KopejiHcaHH cneAehitM jeflHaMHHaiwa :

£2=c0+(Ci/rr)+(c2/rr2)+(c3/7'/) (ii)

o =(c0/rr) + (Ci/7?)+ (c2/rr3)+ (c3/ 7?) ( 1 2)

Q=c0rr+Cirr2+c2rr3+c3rr6 (13)

Q=C0+ Ci( 1 - TT)+ C2( 1 - 7Y)i/3+ C3( I - 7Y)2'3 (1 4)

Q= Co+ + — + (16)

ft=SC, 77 (17)

i-0

Koe(pHin^jeHTH C0, Ci, . ..,C„ y jeflHamiHaMa (11)—(17) ce iwory oApeflHra

mctoaom HajiviaibHx KBaapaTa.

PE3YJ1TATH

Jlfl. 6h yTBpflHJio KanaB je yrauaj TewnepaTypHO 3aBHCHHx napaMerapa

I2a h i2b» oflpe^eHHx no Joffe-Zudkevitch-eBoj MeroaH, Ha npeflCKa3HBaH>e napa-

MeTapa paBHOTOKe napa — tchhoct noa H30TepMCKHM yaiOBHMa, 3a aHajiroy

je H3a6paH CHcreM eraH — yrjbeHflHOKCHfl. Ochobhk (pH3HtKH napaMeTpH hhcthx

cyncTaHUH Koje (popMHpajy OBy CMeuiy flara cy y Ta6jnom HI.

TABJIHUA III. Ochobhh (})H3HMKo-xe,MnjcKH napaMeTpH eraHa h

, yrjbeHOTOKctwa2

CyncraHUHja TC(K) Pc(kPa) Kc(m3/kmol) Zc "

waH 305,4 4880 0,148 0,285 0,098

yrJbenmioKCiia 304,2 7380 0,094 0,274 0,225

Ycjiobh TeMnepaType h npHTHCKa, y OKBHpy KojHX cy K3BpuieHa CBa H3-

paMVHaFaif,a, nam cy y TaSjwnH IV.
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TABJIHIXA IV. Ochobhh nHTeparypHH paBHOTOKHH noflauH napa-TeMHocr CHCKMa eraH-yivbeH-

AHOKCHfl21

Bpoj rata

noflaTaKa TeMnepa-rypa (K) Oncer npnTHCKa (kPa)

11

12

11

13

223,16

243,16

263,16

283,16

552 — 902

1063 — 1737

1858 — 4995

2944 — 4995

Kofl obhx ihcthx cyncraHUHja (eraHa h yrji>eH£HOKCHAa) Ha pacnojiaraH>y

cy 6hjih eKcnepKMeHTajiHH P—Vh—T noaaipi 3acHheinoc mmcthx tcthocth22,

arm He h 3a TeMnepaType Ha Kojmwa ce Bpumo npopaqyH pasHOTOKe napa —

Te^Hocr BHHapHor cHCTeiwa eraH-yrJi.eHflHOKCHa. 3aTo cy npBo onpeljeHe ahc-

KperHe BpeflHOCTH (tia)rac h (C2b)r»e noMohy nporpawa qnjH je 6jiok /prjarpaM

npnKa3aH Ha cjtkuh 1, a 3aniM cy flo6HjeHH napaMerpH KopejtHcaHH y (pyHKHHjH

TeMnepaType KopniuheiteM jeflHamma (11)—(17). Haj6oji>e pe3yjrraTe, 3a noje-

HHHe cyncraHUHje, flajrn cy cjie^ehn H3pa3H :

Eiuan

£2a — jeAHaMHHa (11): C0= -0,8647 -10-«; Ci =0,754028;

C2= -0,454252; C3 =0,09 1244;

Qb — jefliiaMHHa (11); Co =0,2456 10-7; Ci=0,147317;

yejbenduoKcud

C2= -0,09 1245; Cs=0,019799;

Q» — jeflHaiHHa (11): Co=0,2445-10-5; d=0,670073;

C2=-0,336870; C8=0,513962;

fit, — jeflHaiHHa (16): Co=0,082246; Ci = -0,6295 -10-3;

KopejiHcaHe BpeflHocrn napaMerapa, (fia)kor h (Qb)kor5 eraHa h yrvbeH-

AHOKCHfla ap6HjeHe H3 jeflHantHa (11) h (16), 3a HanrrHBaHe TeMneparype CMeuia,

flaTe cy y TaSjmuH V.

C2=0,2455-10-4; C3=-0,2887-10-6;

TAEJIHIJA V. BpeflHOCTH napaiweTapa (ft^or h (Qb)k0T

CyncTaHUHja r(K) (fl.)lcor (iib)kor

eraH

223,16

243,16

263,16

283,16

0,41502 0,08146

0,41125 0,08032

0,40589 0,07902

0,39931 0,07758

yrjbemmoKCJia

223,16

243,16

263,16

283,16

0,43094 0,08021

0,42392 0,07962

0,41516 0,07881

0,40534 0,07740

Ha cjiHKaMa 2 h 3 cy npiu<a3aHe 3aBHCHOCTH Qa H ilb erana H yrJBeHflHOK-

CHfla 03 TeiwnepaType. Ca AHjarpaMa ce yoiaBa aa nocTojH 3aflOBOJi>aBajyhe cua-
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UIEPBAHOBOT. IIUinOBAU h ■BOFBEBWE

raH>e flHCKpenotx (rac) h KopejracaHHx (kor) BpeflHOcm 6e3AHMeH3HOHHx napa-

Merapa.

 

Cjuoo 2. Hspavyaarc h KopejmcaHe Bpefl- Cjihw 3. HapaqyHaTe h KopejmcaHe Bpea-

hocth napaMerapa Ha 3a eraH h yrJteH- hocth napaMerapa Qb 3a enm h ynbeH-

AHOKCHA flHOKCIW

J^erajiaH oirac ^MpeKTHe Merofle npeflCKa3HBaH>a pasHOTOKHHX noaaTaio

napa-TetmocT BHiiieKOMnoHeHnnDC CHcreMa, Kao h onurrH 6jiok flHjarpaM oa-

roBapajyher nporpania 3a ejieicrpoHCKH pa^yHap, flara cy y JiHTepaTypH5. y

oBOMe pa^y cy 3a npopaqyH KopnuiheHe TpH MOAH(pMKaiwje Redlich-Kwong-oise

jeflHauHHe CTa&a: Joffe-Zudkevitch (JZ)13, Kato-Chung-Lu (KCL)18 h Hamam-

-Chung-Elshayal-Lu (HCEL)19, Koje ce Mei)yco6HO pa3JiHKyjy y Hammy o,npe-

I)HBaH>a napaiuerapa £2a h Llb hhcthx cyncraHUHja. y npHMeHH RK jeflHammc

Ha pa3«aTpaHy CMeuiy ynoTpe6j&eHa cy npaBiuia Memaaa (4) h (5) y3 npaBHJio

KOM6nHOBaH>a :

at)=0-Ct}) (atta}])».* (18)

BpeAHOCT HHTepaKB(HOHe KOHcraHTe je OApe^eHa oirniMH3aimjoMi y3 KopHiu-

heH>e (pyHKUHje UHJta: CF=\Pexp— Prac| <■

Pe3yjiTara pa^yHCKor o;jpel)HBaH>a paBHOTOKHor cacraBa napHe (J)a3e »

yKyimor npHTHCKa 3a cHCTeM eraH(l) — yrji>eHflnoKCHfl(2) npHKa3aHH cy y Ta-

6jihuh VI, rpp cy H3paiyHaTe BpeflHocra no mctc-ah JZ ynope^eHe ca ohhm ,t(o-

TAEJIHUA VI. Pe3yjrraTH npo.icKasiinuiba H30TepMCKe paBHOTewe napa-TeHHOCT CHCTe.wa

eTaH(l )-yrjbeHAHOKcnfl(2) no nojejnnmM MoflejmMa RK jeflHa^nme craita

Moflen r(K) Ayi AKi% AP% C,2

JZ 223,16 0,0091 2,79 0,90 0,13340

KCL 223,16 0,0130 4,34 0,90 0,14837

HCEL 223,16 0,0108 3,42 1,00 0,13318

JZ 243,16 0,0059 1,79 0,38 0,12897

KCL 243,16 0,0078 2,90 0,59 0,14413

HCEL 243,16 0,0076 2,72 0,47 0,13168
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JZ 263,16 0,0048

KCL 263,16 0,0043

HCEL 263,16 0,0066

JZ 283,16 0,0090

KCL 283,16 0,0054

HCEL 283,16 0,0097

YKynHO

oflcrynaae Ayi

JZ 0,0072

KCL 0,0076

HCEL 0,0087

1,35 0,50 0,12979

1,51 0,40 0,14118

2,39 0,35 0,13435

3,84 0,31 0,13426

2,60 0,49 0,13737

4,15 0,34 0,13437

Affi% AP%

2,49 0,51

2,83 0,59

3,20 0,53

n

100 V I Kl, exp - Ki,

1-1

AP
100 I Pe,p-Pr.{ | ,

«-v2

4*
JU10

i i

0

f

X *
»

OflK
4 0

o

Off
A

ft»4 », LC

ftAx 0 • ■

•am
A

I II

0
o

HOie
0

1*

*

Crimea 4. OacTynaae y paBHorewHOM ca-

craBy (Ayi) 3a chctcm CTaH(l)-yrjbeH-

AHOKCHfl(2) npeKo *io/unt>HKaimja RK je«-

HaMHHe craH>a

 

CnHKa 5. OACTynaite y paBHOTOKHOM npH-

THCKy (AP) 3a CHCTeiw eTaH(l)-yrjbennHOK-

chh(2) npeKo MOAHcJ)HKauHja RK jeAuawHe

CTaiba

1 " "
Ayi = —2 «» ~ J'l, r«« I *; A P = — ^ I *W - I *

A — ft. h Qb 0flpet)eHH no mctcoh Joffe-Zudkevitch

x — ft» h ftb oflpe^eHH no mctoah Kato-Chung-Lu

o — ft, h ftb HspaMyHa™ no iweTOflH Hamam-Chung-Elshayal-Lu
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6njeHHM npeKo KCL H HCEL5. H3 TaSjiime ce bhah Aa cy, 3a cBe TpH moah-

4)HKaimje, pe3y.TraTH npH6jiH>KHO Hcror KBajnrrera, c thm iuto je Ha HajmwitM

TeMirepaTypaivia (Kao h y o^Hocy Ha yKyrraa OflcrynaH>a) Heurro 6o.T>a JZ. Ha

cjiHKaMa 4 h 5 cy npHKa3aHa 0AcrynaH>a y paBHOTOKHOM cacraBy (Ayi) h npHTHCKy

(AP) 3a cHCTeiw eraH(l) — yi\JBeHAHOKCHA(2) Ha TeiwnepaTypH 243,16 K.

H3paay OBor paaa (pimaHCHpajiH cy 3ajejnnma HayKe Cp6Hje H TexHonoinKO-Mera.TypiiB<ii

(JjaKyjrreT H3 Eeorpafla, ua ieiwy ce ayropH 3axBaJbyjy.

03HAKE

d) — HHTeparamoHa KOHcraHTa

K paBHOTOKHH OflHOC napa-TCTMOCT

Ktj — HHTepaKiflaoHa KOHCTairra

P — npHTncai<

R — yHHBep3ajiHa racHa KOHCTaHTa

T — ancoJiyTHa Tepiwo/nfflaMiFiKa TemnepaTypa

V — MOJiapHa 3anpeMima

Z — KoeeprntHjeirr cramjbHBoc™

a — napa.weTap Redlich-Kwong-OBe jeflHaume cratta

b — napaiweTap Redlich-Kwong-OBe je/rHamme craiba

x — MonapHH yfleo KOMnoHeme y Te^moj <pa3H

y — MonapHH y«eo KOMnoHeHTe y napHoj <pa3H

a — napaMerap y Soave-OBoj jeflHamnm

co — (paKTop auewrpiraHOCTH

Ota fib — 6e3flH.vieH3HOHH napaiweTpH Redlich-Kwong-OBe jeAHanHHe CTaa>a

q> — KoecpHUHjeirr (pyraiurreTa

Aoh>h HHAeKc:

C KpHTlPIHa BejHMHHa

i,j — 03HaKa 3a KOMnoHemy

r — peAyKOBaHa uejnwHHa

s — 3acnheHa (pa3a

exp — eKcnepHMeHTajma Bpe^HocT

rac — H3paqyHaTa BpeflHocr

TopHiH HHAeKc:

L TeHHOCT

V — napa

SUMMARY

VAPOUR - LIQUID EQUILIBRIUM PREDICTION OF THE ETHANE - CARBON

DIOXIDE SYSTEM IN THE 223 TO 283 K INTERVAL USING THE

DIRECT METHOD

SLOBODAN SERBANOVIC, OLGA SlPOVAC and BOJAN DORDEVIC

Faculty of Technology and Metallurgy, Belgrade University, P. O. Box 494,

YU-11001 Belgrade, Yugoslavia

The vapour-liquid equilibrium prediction is performed for the ethane-carbon dioxide

system at 223.16, 243.16, 263.16 and 283.16 K using the Redlich-Kwong equation of state

(direct method). The dimensionless parameters fl» and £lt> for ethane and carbon dioxide are

determined by means of the Joffe-Zudkevitch method, and the temperature dependent parameters

are given by suitable correlations. The obtained results show that this approach is correct.

(Received 24 March 1982)
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The influence of pH and temperature on the leaching kinetics of copper

from loW grade chalcopyrite ore was investigated in sulphuric acid solution. According

to the obtained results a mathematical model was developed experssing the quantity of

leached copper as a function of the concentration of the solvent, the temperature

and the pH of the solution.

Several mathematical models describing the kinetics of copper leaching from

low grade copper sulphide ores appeared in the last years16. All of them were

first mathematically formulated and then proved. They contain different kinds

of parameters, having the aim to enable the best possible description of the leaching

kinetics. Most of them do not give the exact dependence of the leaching rate as

a function of the concentration of the solvent. Some of the models show very good

agreement with the experimental results for the investigated system.

Therefore the aim of this work was to develop a model for leaching of copper

from low grade chalcopyrite ore based on the experimental determination of the

dependence of rate of copper leaching as a function of the concentration of the

solvent, the temperature and the pH of the solution.

EXPERIMENTAL AND DISCUSSION

The investigations were carried out with ore particles of —0.1 mm. The

average chemical analysis of the investigated ore fraction is shown in Table I.

The copper mineralization was mainly represented by chalcopyrite. Iron

was present as pyrite and oxides. The ratio of pyrite to chalcopyrite was 2.0 by

weight.

The investigations were carried out with agitation in vessels shown in Eig. 1 .

During the experiments samples were taken out for analysis. By the end

of each experiment the chemical and mineralogical analyses of the residue were

carried out.

381
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TABLE I. Average chemical analysis of the investigated ore fraction in weight %.

SiO, Cu AltOi Fe3+ Fe2+ MgO CaO NaaO KiO S

56.47 0.40 13.27 4.18 3.75 4.15 3.50 2.15 4.10 2.48

 

ton

Fig. 1 . The reaction vessel : 1 . Glass reaction Fig. 2. Influence of temperature on the

vessel, 2. Impeller, 3. Motor, 4. Electrode, rate of copper leaching. pH = 1.7.Tempera-

5. Condenser, 6. Thermostat, 7. Heater, tures (°C): 7-90, 2-70, 5-50, 4-25.

8. Contact thermometer, 9. Relay, 10. Plug

connection.

Representative curves showing the time dependence of the copper concen

tration on temperature at pH of 1 .7 are shown in Fig. 2. Similar dependences were

obtained for pH values of the solution: 1.0, 1.3, 2.0 and 2.4.

From such data it is apparent that with increase of the temperature and

decrease of pH of the solution, the leached quantity of copper increases.

In all cases leaching occurs in two periods which could be expressed by the

same power function having the form:

cca=at» (1)

where : ecu — concentration of copper in the solution, t — time, a and b — empirical

constants.

The values of the exponent b of the function (1) in both periods show mixed

kinetics7-9.

The leaching rate of chalcopyrite in the beginning is shown in Fig. 3. The

leaching rate was obtained from the slope of the curves shown in Fig. 2, as well

as from similar data obtained for different pH values. From the slope of the straight

lines (Fig. 3) it is evident that the leaching rate, independent of the temperature,

is a half-order function of the concentration of H+ ions.

With the addition of ferric sulphate ranging from 0. 1 to 0.4 mol/dm3, com

pared with the experiments carried out without addition of ferric sulphate, it
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was possible to determine the rate of copper leaching as a function of the concen

tration of the ferric ions. According to the obtained results the leaching rate as

I '—' ' ' 1 r 1

TfC) SLOPE 

Fig. 3. Plot of log (initial rate) vs. log [H+] Fig. 4. Plot of initial rate vs. molarity of

showing the temperature effect. added Fe3+ at different temperatures.

a function of the added ferric sulphate, in the beginning, is plotted in Fig. 4. The

obtained dependence is a first-order function.

As the reaction progresses, higher quantities of iron appear in the solution

arising from the ore. However, independent of the added quantity of ferric iron,

it is shown that the rate of leaching in the second period is not dependent on the

quantity of ferric iron present in the solution. From Fig. 5 it can be seen that

even the smallest concentration offerric ions is sufficient for the oxidation processes.

The rate of leaching in Fig. 5 is presented by the parabolic constant kp of the

second period of leaching7-9.

It has been found out that the ratio of the concentration of ferric iron and

copper, certain time after the beginning, i. e. in the second period of

leaching, reaches a constant value which is dependent on the pH. Accordingly,

it could be concluded that in the solution exist a concentration of ferric ions above

which they have no influence on the kinetics of leaching. The activity of the ferric

ions above this concentration shows also a constant value. This leads to the con

clusion that this concentration is competent for determining the time dependence

of the leaching rate. This concentration could be experssed as

[Fe3+]0= 1 .789 x 10-3[H+]<>•« (mol/cm3). (2)

The apparent energy of activation of the system shows a dependence on the

pH only in the first period of leaching, as it can be seen from Table II. The values

of the activation energy are in the region of diffusion control of the process.

The temperature dependence of the surface rate constant ka and diffusion

coefficient D were determined according to the data of Table II, i. e. from corres

ponding Arrhenius plots.

By formulating the model, according to the obtained experimental results,

some assumptions were adopted as follows:
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TABLE II. Dependence of the apparent energy of activation on pH.

pH 1.0 1.3 1.7 2.0 2.4

& 1st period 43.0 36.9 33.1 29.7 26.2

(kj/mol) 2nd period 32.7 31.5 30.8 30.3 30.3

MODEL OF LEACHING

a) the investigated particle size of ore (—0.1 mm) enables the grains of chal-

copyrite to be presented as individual particles;

b) the dissolution is due to both H+ ions and Fe3+ ions arising from the ore;

c) the kinetics of leaching is characterized by diffusion of the solvent to the

mineral surface and by chemical reaction on the surface;

d) the reaction zone moves toward the interior of the chalcopyrite particle,

and the overall volume of the chalcopyrite particles is decreasing with time;

e) the mass transfer could be assumed as quasi-steady state.

According to the first Fick law, the rate of diffusion could be expressed as :

da= A*** D^Fe3+l r3)

dt crpoPVo dr

According to the experimental results, the rate of chemical reaction could

be expressed as:

— = A%** JfeB[Fe3+]8[H+]»s (4)

dt opoV3rl

where: t — time (s), a — fraction of copper extracted, r — radius of unleached

part of chalcopyrite particle in time t (cm), ro — radius of chalcopyrite particle

in time t = 0 (cm), D — diffusion coefficient of the ferric ions (cm2/s), «s — sur

face reaction rate constant (cm2-5 mol-0-^-1), a — stoichiometry factor, po — molar

density of chalcopyrite (mol/cm3), [Fe3+]g — concentration of ferric ions on the

surface of the chalcopyrite particle (mol/cm8), [Fe3-*-] — concentration of ferric

ions in the diffusion layer in time t (mol/cm3), [H+] — concentration of hydrogen

ions on the surface of the chalcopyrite particle (mol/cm3), and A2 and V3 geometry

factors.

For quasi-steady conditions, eq. (3) could be integrated. Combining the so

obtained expression with eq. (4), an equation was obtained describing the rate

of chalcopyrite leaching in terms of known concentration:

da Az [Fes+Jo

<u + -L/J—M (5>

r2*s[H+]»-5 D\r RJ

In the last equation appear a and r as two time dependent variables. A corre

lation between these variables is given by the expression1-5:

a = 1 - (r/r0)3 (6)
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The particle size diminishes with time. But assuming that the products

of the reaction do not replace the earlier volume of the particle, then the ratio

of the volumes of products and reactants can be expressed as5 :

 

Fig. 5. Plot of rate constants in the second Fig. 6. Dependence ccu= f(t) calculated by

period vs. molarity of added Fe3+ at differ- eq. (11). Effect of pH. Temperature 50°C.

ent temperatures. pH values: /— 1.0, 2—1.3, 3— 1.7, 4— 2.0,

J-2.4.

Z = (J?3_r3)/(rJ_r3) (7)

where R is the radius of the entire particle at any time t.

The ratio of geometry factors may be expressed as2

At/Va = 3/cp (8)

where <p is a sphericity factor.

As the competent concentrations of ferric ions in the solution are higher

that 10~2 mol/dm3 (eq. 2), it was necessary to include in the model also the main

activity of the ferric ions in the solution (y). With those components, eq. (5)

obtains the form:

da = 3y [Fe^Jo

dt nanmr f 1 , ro [ I!" W
ffPo<pro { — H }

I *fc[H+]° 5 (1 - a)2/3 D [(1 - a)2/3 [1 + (z- l)*]1'*])

The above equation which describes the rate of chalcopyrite leaching contains

meastuable quantities.

To prove the validity of the above equation as model for leaching, the deter

mination of the above mentioned quantities was necessary.

Assuming that only k„ and D show a significant dependence on temperature,

their temperature dependence was determined according to the experimental results,

as already mentioned. This could be expressed by the following dependences:

kB = 258.7 exp(-3850/T) and D = 1.092 x 10~5 exp(-3850/r). (10)

Now, eq. (9) describing the rate of chalcopyrite dissolution becomes:
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da 56,39] [Fe^]0 exp(- 3850/D

* -~i •»__[ > . .. ' 1) ('»

l258.7[H+]0 5 (l-a)«/» 1.092 x 10~» |_0 -a)1'3 ( 1 — 0.2 a)J'3JJ

TABLE III. Values of the constants involved in eq. (9)

ro Po *,x 103 DxlO"

pH (cmxlO«) (mol/cm3) a z 9
(cm2-6 (cm2

mol-o.^s-1)

1.0 7.08 0.0228 8 0.8 0.63 0.6 0.710 0.314

1.3 7.08 0.0228 s 0.8 0.63 0.6 0.707 0.278

1.7 7.08 0.0228 8 0.8 0.63 0.6 0.690 0.293

2.0 7.08 0.0228 8 0.8 0.63 0.6 0.830 0.253

2.4 7.08 0.0228 8 0.8 0.63 0.6 0.687 0.274

Figure 6 is a representative one for the calculated curves according to the

pH of the solution at 50°. Similar results were obtained for the temperatures

of 25, 70 and 90°. In Fig. 6 the points represent the experimental results, while the

solid lines are calculated.

Differences between the calculated and experimental results appear in positive

and negative senses. This shows that eq. (9) describes well the kinetics of chalco-

pyrite leaching.

Accordingly, a conclusion arises that a successful model is obtained for chal-

copyrite leaching from low grade ore. Using the above batch leaching model,

elements were obtained which were used for establishing a model for dump

leaching.

H 3 b o JS,

MATEMATHTCKH MOflEJI 3A J1Y)KEH>E XAJIKOriHPHTA

AJ1EKCAHJ^\P H. n>H30, «MJIHMEHA A. nOnOCKA

liuciuuiuyiu 3a xeMujcxo u KoniupoAHO UHMcenepcuieo, TexHOAOiuxu (jiaKyAiueiu, 91000 CKoiije

ii

ropflAHA nonoBH-R

TexHOAOtuKO-MeuiaAypiuKU tfiaKyAuieui ynusep3uuieuta y Eeoipady, 11001 Eeoipad

HcmrraH je ynmaj pH cpeame h TeMnepaType Ha KHHeraKy Jiywe&a 6aKpa m xainco-

iwpHTHe pyfle y cyjvuiopHOKHcejioj cpejyntn. Ha ocHOBy A°6njemix pe3yjrraTa ii3Be,aeH je Ma-

TeManwKH iwoflen kojh npm<a3yje KOjnwHHy H3JiyH<eHor 6aKpa y (pyHKUHjH KOHqeirrpaiHije

pacTBapa^a, TeMnepaType h pH cpe«HHe. HcHHTHBaH>a cy BpineHa y cyny ca MemajumoM (crniKa

1). 3a HcnnTHBaiba je KopHiuheHa ippaxinija pyae (—0,1 mm) *mjH cpeAH>H xcmujckh cacraB

je flaT Ha Ta6ejm I. iloKa3aHO je fla nopacr TeMnepaType, Kao h CMaH>en>e pH BpeflHocTH ynwy

Ha noBehaoe KOJBMHHe H3ABojeHor Saicpa. Y cbhm cjryiajeBHMa jiyaceibe ce OABHja y ABa ne-

pHOfla KojH Mory 6hth oimcaHH H3pa30M (1). Ep3Hna jiyweaa, He3aBHCHo on TeMnepaType,

ijjyHKUHja je nojiOBHHCKor pe«a y oAHOcy Ha KOHHeHTpainrjy boaohhmhhx joHa, oahocho (pymc-

njija jc npBor pe«a y oflHocy Ha KomteHTpamijy cpepH-joHa. Y flpyroM nepHoay 6p3iiHa Jiywceita

je He3aBHCHa oa npncyTHe Kojunome (pepn-joHa y pacTBopy. yTBp^eHo je fla oahoc kohikh-

Tpaujije cpepH-joHa h 6a*cpa y ApyroM nepaoAy jiywe&a nocTH»<e KOHCTaHTHy Bpe#HocT 33bhcho

ofl pH cpeflHHe, H3 Hera ce MOiKe 3aKJtyMHTH Aa nocrojH rpaiUPiHa KOHueirrpaimja (pepn-joira

H3HBA Koje ohh HeMajy ymyaja Ha KHHeTHKy. Akthbhoct (pepn-joHa rsbia oBe KOHueHTpaujije

noKasyje KolicTaHTHy BpeAHOCT («3pa3 (2)). BpeAHOcra npHBHAne aKTimamioiie eHepnije y
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3aBHCHOCTH ofl pH cpe/nrae (Ta6ejia II) y«a3yjy Ha AH(py3H0Hy Koirrpojry npoueca. <£>opMyjiamija

MaTeMaTHHKor jwoflena aacHOBaaa je Ha npemocraBKJUU h "mmum npoH3inujiHM H3 eKcne-

piiMeHTajiHHx pe3yjrraTa. HaBfiflCBH MaTeMaTHqKH MOflen npHKa3aH je H3pa30M (9). H3pa*ryHaTe

BpeflHocTH KOHCTaHTH H3 jeflHaHHHe (9) npm<a3ane cy Ha Ta6ejm III. H3pa30M (11) npeflcraBJbeH

je MOAeji Kojn y ce6H yKJbyMyje 3aBHCHocr KOHCTairre 6p3ime pearaprje h AHcpy3HOHor KoecpH-

mijeHTa on Te*uiepaType. ripRKaaaHR Moaeji noKa3yje flo6py carjiacHOCT ca eKcnepHMeHTajmHM

pe3ymaniMa (cjimca 6).

(ripHMJbeHo 5. anpana 1982)
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CnEKTPOXEMHJCKO OJIPE'BHBAHdE HEKHX TOKCHMHHX METAJIA

y niUEHHUH H nPOH3BOJTHMA OA nUIEHHLTE

JEjIEHA C. JHOEPOCABJbEBHTi, BEPHUA V. AHTOHHJEBHTi

h MOMHP MAPHHKOBH'R

IlHculuiuyui 3a nyK.ieapne nayxe ,,Eopuc Kudpuu", u.up. 522, 11001 Eeoepad

(npHM.T.eHO 23. anpiuia 1982)

OroicaHa je cneKTpoxeiwHjcKa MeToaa cTa6iuiH30BaHor nyKa 3a o;rpel)HBai£.e

caflpwaja tokchihhx MeTana apceHa, KaaMHjyiwa, ojiOBa, 6axpa h lnano y hckhm

>'3opuHMa imieHHue h npoH3Bo;rHMa on, mueiume. Pe3yjrrara iicniminaiba cy no-

Ka3ajm aa cy cpe,iH>e bpchhocth canpwaja naBeaeHHX tokchihhx Merajia, irapaweHe

y V-Slg y HcnHTHBaHHM y3opmiMa c.ie/iehe: nmeHima (As — 0,23; Cd — 0,22, Pb

— 3,16, Cu — 7,6, Zn — 27,1), 6eJio 6pauiHO (As — 0,16, Cd — 0,1 1, Pb — 0,66,

Cu — 2,9, Zn — 7,7), Mewnbe (As — 0,35, Cd — 0,36, Pb — 5,9, Cu — 14,4,

Zn — 42,3), 6e;iH xjreG (As — 0,08, Cd — 0,12, Pb — 1,8, Cu — 5,3, Zn — 15,0).

3a oflpel)HBaH>e 6aKpa, uhhio, ojiOBa h KaflMHjyiwa y opraHCKHM NiaiepH-

jajiHMa Hajqeiuhe ce KopHcre MeTO/je aTOMCKe ancopnimje1-4, a 3a o,nper)HBaiie

apceHa — cneicrpocpOTOMeTpHjcKa MeTOfla5. Y HOBHje Bpeiwe 3a oflperjHBaHbe

MHHepa.fiHHX cacrojaKa y opraHCKHM MaTepHjajiHMa CBe Meiuhe ce KopHcre eiwH-

choho cneKrpoxeMHjcKe Me-ro^e, Kao uito cy cra6H.riH30BaHH jt/k h hhit/kthbho

cnperayTa ruia3Ma. Y pa/ry6 cy H3Jio>KeHH pe3y;iTaTH o/iper)HBan>a MeTajiimx

KOHCTHTyeHaTa y boHhom cony npn napajiejincw Kopmnheifcy MeTOAa aTOMCKe

ancopnuHje h eMHCHOHe cneHTpocKonnje. H3 ynopel)eit>a i<oja ce y paay HaBOfle

BHffH ce fla nocroje pa3JiHKe H3iwer)y MeToaa y norjie^y 6p3HHe, npeuii3H0CTH,

fleTeKUHOHe rpamme, MerjyTHM y norjie^y floSnjeHHX aHaJiHTHMKHx pe3yjiTaTa

nocTHrayTO je 3aaoBOJbaBajyhe cjiaran>e H3Mel)y MeTO^a.

C o63HpoM Ha Hauie npeTXOAHO no3HTHBHO Hci<ycrBO y npHMemi craGH-

jiH30BaHor Jiyna 3a aHaJBray pa36jia>KeHHx BOfleHHx pacrBopa7 8, o^nymum cmo

HCKopHCTHMO OBaj H3Bop 3a jeaaH npaKTiman npoo;ieM i<ao iuto je oflpcl)n-

Ban>e tokchuhhx MeTana y nmeHHUH h H>eHHM nponano;;nMa.

EKCnEPHMEHTAJlHH flEO

npuupeua y30pai<a. OflMcpKe on 30 g >'3opaKa nuicHHue h ltemix nporano/ia cyme ce Ha

120° flo KOHcraHTHe TOKinie. JXa 6h ce opraHCKH MaTepiijaji pa3opwo, ocyuiemi y3opuH Te>KHHe

on 25 g ce wape oko 48 wacoBa Ha TeiwnepaTypH Koja je nocreneno no/umHa no 600°. ^ounjemi

neneo pacrBapa ce BjianiM 3arpeBan,eM y 5 ml pa35;ra>KCHe (1:1) cone KiicejiiiHe. riociie uel)eH>a

pacTBop ce npe6auH y HopMajmii cyfl 3anpeMHHe 25 ml y kojh ce Aofla 1 ml 12,5% pacroopa

KajmjyM-xjiopHfla h Bone no 25 ml.

TIpuiipeMa ciuandapdHux paciusopa. Hanpanjbena je ccpuja on. 'teTiipn CTaiiAapmia pa-

CTBopa y 0,5% KajiHjyM-xjiopHfly ca KOHueiiTpaiuijoM apceHa, ojiona, KaflMiijyMa, Cai<pa ii uiim<a

npe.wa Taojnnsi I.

Auapauiypa u ycAoeu pada. PacTBopu HcnirniBaunx ysopaKa, Kao H CTaHflapflHH pacTBopn

aH&nB3BpaaR cy y CTa6anH3OBaH0M jiyny KopHCTeha cneflehy anapaTypy: cneKTporpacp PGS-2

(ptTDMe Carl Zeiss, Jena, Kojn je Kopumheit kso mohoxpom^top yn (poTocnei<Tpii'iny AeTeiauijv

389
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TABJIHUA I TABLE

CTan.iap.iHii pacTBopn — Standard solutions

EncMeHar KoHueHrpainija, ,ug/ml — Concentration, txg/ml

Element CTan,iap,iini pacraop, 6p. — Standard solution, No

12 3 4

As 0,1 0,5 1,0

Pb 0,5 1,0 2,0

Cd 0,05 0,1 0,5 1,0

Cu 1,0 2,0 5,0 10,0

Zn 1,0 5,0 10,0 30,0

cneirrapa ca (poTO.My.TnmjiiiKaTopoM h noTcnuiioweTpiijcKii.M niica<ie\i. Kopiiuihena je AHtppaK-

unoiia pemeTKa oa 600 ype3a/mm y bhuulm cneinpajiHHM peAOBHMa : 3a o.ipel)i!Kait>e uHRKa

(481,053 nm) h onoBa V pea, 6aKpa VIII pea, apceita h KaAMHjyMa XI pea. PeqmrpoMHa bdca-

hoct jiHHeapHe AHcnep3Hje npH pajy y HaBeflCHHM cneKTpajmHM peaoBHMa H3HOCH oa 0,105

nm/mm (3a V pea) ao 0,048 nm/mm (3a XI pea). KopmnheHt je KOHCTpyratHja jiymor H3Bopa

ca xopmoHTajiHHM JiynutM cry6oM y ko)h ce yboah aepoco;i ncnimiBaHor pacreopa y erpyjn

aproiia. JlyK ce nanaja jeAHoc.viepHOM crpyjoM oa 220 V h 6 A.

PE3y.1TATH H ^HCKYCHJA

Kofl npHMene CTa6HjiH30BaHor Jiyna Kao H3Bopa 3a no6yr)HBaH>e eJieMeHaia

KOje CMO OAper)HBajTH, HCHHTHBaJIH CMO flejCTBO pa3HHX dpaKTOpa KOjH 3HaTH0

yrmy Ha HHTeH3HTeT aTOMCKe eMHCHje y Jiyny.

IlpHcycTBo KajrajyM-xjiopHAa 3a eneMeHTe ca hh>khm eHeprnjajvta no6yr)H-

naiba hhhh ^a ce HHTeH3HTeTH cneKrpajiHHx JiHHHja 3HaTHO noBehaBajy, Kao

KOfl o.nona 3a dpaicrop 10 h 6ai<pa 3a tpaKTOp 5 KOfl KOHqeHTpaqHje KajiHjyM-jciopHfla

 

or 7 mg/ml, Kao iuto cc bhah ca cjihkc 1 . 3a eneMeHTe ca bhuihm eHeprHjaMa

no6yr)HBaH>a ynmaj KajmjyM-xJiopHAa je 3HaTHO cJia6HjH, a kor apceHa 38He-

Map.i,iiB.
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MaKCHManaH HHTeH3HTeT ejvmcHje 3a H3a6paHe JiHHHje 3a noje^HHe ejie-

iweHTe nocTHrayT je H36opoM onraMajiHor pacrojaiba oa oce Jiyi<a y paAHjamioj

pacnoaeJiH eMHCHje y jr/Ky. y Ta6jiHUH II HaBeAeHe cy KopnuiheHe aHajiHTHMKe

TABJIHUA II TABLE

HeKH no^aini oji mrrepeca ripn oupeljHBaifey Pb, Cu, Cd, Zn h As

Some relevant data for determination of Pb, Cu, Cd, Zn and As

EjieiweHaT AHammrqKa nHimja, EHepnija no6y- Paaniyc Mane. rpaioma fleieK-

nm rjHBaH>a, eV HHTeH3HTeTa, mm mije, ng/ml

Element Analytical line, nm Excitation Radius of max. Detection limit,

energy, eV intensity, mm Hg/ml

Pb 405,782 4,38 1,7 0,015

Cu 327,396 3,78 1,3 0,004

Cd 228,802 5,41 1,6 0,06

Zn 213,856 5,80 1,5 0,01

Zn 481,053 6,66 1,5 0,2

As 228,812 6,77 0,5 0,15

JiHHHje, eHepraje no6yr)HBaH>a, paflwjycH MaKCHMajme eMHCHje h rpaHHue Ae-

TeiarHje. TpaHHue AeTeKunje HaBefleimx ejieiweHaTa flaie cy 3a H3a6paHe onrH-

Ma^He pa^He ycjiOBe h ochm 3a apceH, OBa Merofla cna^a y peA HajoceTJBHBHjHx

jueTOfla 3a OAperjHBaae TparoBa ejieiweHaia.

CaflpH<aj tokchhhhx MeTajia apceHa, KaAMHjyiwa, ojioBa, 6aKpa h uhhio

y y30pirn;«a nuieHHue (P), 6pauiHa THn T-500 (B), Meionta (M) h Sejior xjie6a

(H), par je y TaGjmuH III. y3opuH oa 1 ao 3 cy iweuiaHe copTe nuieHHue poA

1980. roAHHe, a y3opuH oa 4 7 cy MHcre BHCOKopoAHe copTe nuieHHue (4-

JlynaB, 5-JlH6ejiyjia, 6-HoBocaflCKa paHa, 7-IIapTH3aHKa) poAa 1981. regime.

H3 Ta6jiHue III bhah ce aa je caflp>Kaj cbhx HcnHTHBaHHx TOKomHHx MeTana

H3yseB apceHa y 6paiiiHy cjwaiteH y OAHOcy Ha nojia3Hy nuieHHuy. Caap>Kaj As

y BehHHH y3opaKa 6pauiHa je TaKor)e CMa&eH y o^Hocy Ha nuieHHuy, H3y3eB y

y3opuHMa 1 h 3 y KojHMa je jeAHaK ca caApaojeM y nmeromH. y y3opuHAia jvie-

KHH>a caAP>Kaj Cu h Zn je noBehaH y OAHOcy Ha nojia3Hy nuieHHuy, ujto ce oahoch

h Ha caApwaje Cd, Pb h As, H3y3eB 3a y3opne 4 (Cd), 5 (Pb) h 6 (As) y KojHMa

cy caApH<ajH HaBeAeHHx iweTajia y MeKHH>aMa hhjkh Hero y nmeHHUH. y hoih-

THBaHHM y3opuHJvia xjie6a caApwaj As, Cu h Zn je hh>kh oa caAP»aja y nojia3Hoj

nmeHHUH, urro ce oahoch h Ha caAp>Kaj Pb H3y3eB y y3opny 4 h Cd y y3opi<y 7.

ynoperjeH,e cpeAH>er caApmaja tokch^hhx MeTana apceHa, KaAMHjyMa, ojioBa,

6anpa h uHHKa y y3opuHMa Hauie mueHHije h H>eHHx npoH3BOAa h nuieHHue h

H>eHHX npoH3BOAa ca Apyrnx noApy^ja par je y Ta6jiHUH IV.

ynopeljyjyhH cpeAH>H caApnoj tokchihhx MeTMa y HcnHTHBaHHx ceAaiw

y3opaKa Hauie nuieHHue h H>eHHx npoH3BOAa ca jnrrepaTypCKHM BpeAHOCTHMa

npeMa TaSjiHUH IV MOH<e ce 3aKJByMHTH cjieAehe:

As — caAP«<aj y Hauioj nmeHHUH je y rpainmaMa HaBeAeHHM y jiHTepaiypn;

Cd — caApwaj y Hauioj nmeHHUH, Spauray h MeKHH>aMa je Behn oa Ha-

BeAeHor y jiurepaTypH, aok y xjieGy OAroBapa jnrrepaTypCKHM

BpeAHOCTHMa ;



TABJIHUAIIITABLE

Cajrpnojapcena,KaflMiijyMa,ojioBa,SanpahiniHKaynnieHHUH(P),6pauiHy(B),MeranbaMa(M)nxjieoy(H) Arsenic,cadmium,lead,copperandzinccontentinwheat(P),flour(B),bran(M)andbread(H)

Y3opaKKoHneHTpairuja,[*g/g*—Concentration,ng/g*

SampleAsCdPbCuZn

H

12,5 13,6 18,9

M

52,7 39,7 34,5

B

7,6 5,0 5,5 8,3 9,1 8,3 10,0

P

26,8 23,7 18,7 36,6 27,5 23,3 33,3

H

6,9 3,2 5,7

M

12,4 12,1 11,7 17,0 15,0 13,9 18,7

B

3,6 3,1 3,1 3,3 2,7 2,5 2,3

P

9,8 5,7 5,5 9,2 8,3 6,8 7,6

H

1,9 2,3 1,1

M

7,4 7,9 6,3 3,2 2,9 9,3 4,6

B
1,1 0,8 1,0

0,71 0,12 0,25

P
3,3 2,4 2,4

0,92 4,9 4,0 4,2

PBMHPBMH

0,180,180,540,310,180,73 0,370,170,430,270,230,60 0,180,180,350,230,140,60

0,230,120,340,050,380,060,130,09 0,230,120,390,120,190,080,210,13

0,280,230,220,130,050,13

0,120,120,190,060,060,040,150,13

1 2 3 4 5 6 7

*jxg/gcyBeMaTepuje3aCd,Pb,CuhZn;[xg/gcbokcMaTepaje3aAs

(ig/gdrybasisforCd,Pb,CuandZn;(xg/gfreshbasisforAs
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TABJIHUA IV TABLE

CpeAifee Bpeanociii caap>Kaja apccHa, KaAMiijyMa, onoBa, 6aKpa h iutHxa y niuemiiui a lbcHHM

npoH3BOAHMa ca paaiuiMHTHX noapyija

Mean arsenic, cadmium, lead, copper, and zinc content in the wheat and its products of different

territories

EjieMCHaT CaApmaj, floflpyMje*** Ref.

As

Cd

Pb

Cu

Zn

Content, Sample** Territory***

0,1 8 ±0,05 C B 9

0,23 ±0,07 P S oBaj paA — this work

0,16±0,04 B S >>

0,08 ±0,03 II s 3, ,,

0,35 ±0,11 M s ,, . 33

0,05 P sw 10

0,1 ±0,02 P USA 11

0,22 ±0,1 P S OBaj paa — this work

0,033 B SW 10

0,05 ±0,01 B USA 11

0,11 ±0,07 13 S OBaj paa — this work

0,16 II USA 11

0,12 ! 0,02 H S OBaj pafl — this work

0,148 M SW 10

0,36±0,24 M s oBaj paa — this work

1,0 ±0,61 P USA 11

3,2 ±1,2 P S oBaj paa — this work

0,92-0,43 I! USA 11

0,66-0,36 B S OBaj pan — this work

4,01 ±0 29 H USA 11

1,8 H S OBaj paa — this work

5,9 M S 33 33

5,1 ±0 5 P USA 11

7,6 ±1,5 P S OBaj paa-this work

1,9 ±0,2 B USA 11

2,9 ±0,4 B s oBaj paA-this work

2,1 ±0,2 II USA 11

5,3 ±1,5 II S OBaj paa-this work

14,4-2,5 M S 33 33

24,0±4,5 P USA 12

27,1 ±5,7 P S OBaj pafl-this work

6,3 ±1,0 B USA 12

7,7 ±1,7 B S OBaj paa-this work

8,9 ±0,5 II USA 12

15,0±2,8 H S OBaj paa-this work

42,3 ±7,6 M S 33 3,

* WJ/B cyne iwaTepiije 3a Cd, Pb, Cu n Zn; |xg/g CBOKe MaTepirje 3a As

!-ig/g dry basis for Cd, Pb, Cu, and Zn; ;zg/g fresh basis for As

** C — uepeajnije; P — nmeHiiua; B — GpauiHo; H — xjieS; M — Meniiibc

C — cereal; P — wheat; B — flour; H — bread; M — bran

*** GB — EHXJiecKa; S — CpoHja; SW — IIlBeflCKa; USA — CeBepHa AMcpiua

GB — England; S — Serbia; SW — Sweden; USA — North America

Pb — caflpnoj y Hamoj nmeHHUH h x:ie6y je 3HaTHnje yBehaH y oflHocy

Ha jimepaTypcKe BpeflnocTH, aok je y GpauiHy hhhui oa JiHTepa-

TypCKHX BpeAHOCTH;

Cu, Zn — ca/rp>Kaj obhx Mera.ia y HauiHM y3opu.HMa mueHHue, 6paiuna

h x;ie6a je yBehaii y oAnocy na :iHTepaTypci<e BpeflHocrH.
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SUMMARY

SPECTROCHEMICAL DETERMINATION OF SOME TOXIC METALS

IN WHEAT AND ITS PRODUCTS

JELENA S. DOBROSAVLJEVIC, VERICA G. ANTONIJEVIC and MOMIR MARINKOVIC

The Boris Kidrich Institute of Nuclear Sciences, P. O. Box 522,

YU-11001 Belgrade, Yugoslavia

A spcctrochemical method using the stabilized arc for determination of the contents of

the toxic metals arsenic, cadium, lead, copper and zinc in some samples of wheat and its products

is described. The results obtained showed that average contents of the corresponding toxic metals

presented in |ig/g in the investigated samples are the following: wheat (As— 0.23; Cd—0.22; Pb—

- 3.16; Cu - 7.6; Zn - 27.1), white flour (As - 0.16; Cd - 0.11; Pb - 0.66; Cu - 2.9;

Zn - 7.7), bran (As - 0.35; Cd - 0.36; Pb - 5.9; Cu - 14.4; Zn - 42.3), white bread (As -

- 0.08; Cd - 0.12; Pb - 1.8; Cu - 5.3; Zn - 15.0).

(Received 23 April 1982)
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Note

NOTE — EEJIEHIKA

PREPARATION AND PHOTOCHEMICAL ISOMERIZATION

OF 3-(2-FURYL)-2-PHENYLACRYLAMIDES

G. KARMINSKI-ZAMOLA, M. DUKIC and K. JAKOPCIC

Department of Organic Chemistry, Faculty of Technology,

University of Zagreb, Marulidev trg 20, YU -41000 Zagreb, Yugoslavia

(Received 27 April 1982)

Abstract. It was shown that Z-3-(2-furyl)-2-

-phenylacrylanilide (lb) and Z-3-(2-furyl)-2-

-phenylacryl-(4-chloro) anilide (lib) can be

conveniently prepared by photochemical iso-

merization of the corresponding E anilides

(la and Ha).

As a part of our studies on the photochem

istry of furan compounds1,2 we turned our

atiention to photochemical transformations of

furylphenylacrylamides in solution. In the pres

ent work we wish to report on photochemically

induced trans - cis isomerization of such

amides. Syntheses give usually the more stable

E isomer as the only product. A successful

photochmical isomerization followed by appro

priate separation, seemed to be a useful method

for preparing the Z isomer.

Several authors studied a photochemistry of

acrylamides and their aryl derivatives. Cleve

land and Chapman3 reported a nonoxidative

cyclization of alkyl-substituted acrylanilides to

alkyl substituted 3,4-dihydrocarbostyriles,while

Chapman and Adams4, reported the photocycli-

zation of £-2-phenylcinnamamide and is-2-phe-

nycinnamanilide into the corresponding ^-lac

tams. Sargent and Timmons5 obtained a good

yield of phenanthrene derivatives by photo-

cyclization of £-2-phenylcinnamamide in the

presence of oxygen. It is worth to mention

the results of Ogata and Matsumoto* who re

ported the photocyclization of heteroaromatic

acrylamide amines.

H ' ^CONH

R = H.CI

la lb Its lib

TABLE I. Analytical and spectral data for 3-(2-furyl)-2-phenylacrylanilides

No

Stereo

isomer M. p. °C Anal.
CalcM %

Found % IR/cm-

H C=C c-o

uv

X iiadnl a)

la H E 110 78.88

78.59

5.23

5.07

1560 1620 322(4.33)

226(3.91)

202(4.31)

lb H Z 143 78.88

79.02
S.23
4.97

1580 1660 322(4.38)

229(4.00)

201 (4.34)

Hi a -9 133 74.15 4.31 1600 1660 323(4.50)
236(4.20)

203(4.31)

74.24 4.40

lib a Z 161.2 74.15

73.97

4.30

4.67

1580 1640 320(3.92)
252(3.88)

203(4.11)

293
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TABLE II. 'H NMR Spectra of 3-(2-furyl)-2-phcnylacrylaniIidcs«)

H4 H3

H5O~cH=,~c0NH~O'f

Ph

No R Isomer Hethjrlenlc H , H, H4 + H.„„. Hnh

It H E 7.9 (») 1H 5.80 6.24 6.94 — 7.64 (n) 6 H 8.1 00 IH

lb H Z . 7.18(s)lH

Cd.J-6Hz) 1H (q.J = 3Hz) IH
5.70 6.34 7.25 — 7.80 (m) 6 H 8.3 (s) IH
(d.J = 6Hz)lH (q.J- 3Hz)lH

lit CI E 7.68 (s) 1H 5.75 6.35 7.00 — 7.60 (m) 5 H 8.28 (s) IH
(d.J -6Hz)IH (q.J- 3Hz)lH

lib a Z 6.95 (s) 1H 6.55 7.20 — 7.95 (m) 6 H» 9.80(s)lH

») * in |3pm, b) Includes Hj as well.

(q-I = 3 Hz) IH

Irradiation of £-3-(2-furyl)-2-phenylacryl-

anilide (la) and £-3-(2-furyl)-2-phenylacryl-

-(4-chloro)anilidc (I b) (Fig. 1) in benzene solu

tion through Pyrex glass, with a high-pressure

mercury arc lamp, in a nitrogen atmosphere,

at room temperature, afforded as photoproducts

the corresponding Z-stereoisomers, (I I a) and

(II b). The products were separated on a silica

gel column followed by crystallization. The

products were characterized by elemental ana

lyses, UV and IR spectra (Table I). The >H

NMR spectra of the E and Z isomers (Table

II) exihibit a significant difference in the

chemical shifts of ethylenic protons, similar to

those observed with furylnaphthylacrylic acids7

and are of a great assistance and the main

criterion in assigning the configuration. The

ethylenic protons of E and Z isomers are re

cognized at 8 7.68-7.90 and S 6.95-7.18.

It should be noted that, unlike the reported

results of photochemical experiments with furyl-

acrylanilides, we noted trans-cis isomerization

only, and were able to isolate the the /^-isomers

only when the reaction was performed in ab

sence of air. Under aerobic conditions the

reactants decomposed completely.

EXPERIMENTAL

Melting points are uncorrected. IR spectra

were taken on a Perkin-Elmer 137 Infracord

spectrometer in KBr discs. The UV spectral

data were obtained with a Perkin-Elmer 124

spectrophotometer in ethanoL The JH NMR

spectra were recorded on a Vanan A- 60 A and

Varian EM- 360 spectrometers. Chemical shifts

are given in ppm (8) with. TMS as internal

standard. Ultraviolet irradiations were perform

ed using a water cooled immersion' Original

Hanau TQ-150 quartz high pressure mercury

arc lamp.

&3-(2-furyl)-2-phenylacrylanilide (la)

Anilide (la) was prepared by the known

method8 from 15.5 g (0.066 mol) of £-3-(2-

-furyl)-2-phenylacryloylchloride* and 6.1 g

(0.066 mol) of aniline in 50 ml of 5% NaOH

solution, m. p. 110°; yield 18.5 g (96%).

£-3-(2-furyl)-2-phenyacryl-(4-chloro)

anilide (II a)

Anilide(IIa)was prepared by the known

method10 from 16.0 g (0.06 mol) of £-3-(2-

furyl)-2-phenylacryloylchloride and 8.0 g (0.062

mol)of 4-chloroaniline in 20 ml of pyridine. The

crude product was recrystallized from aq. eth-

anol (50%), m. p. 133°; yield 13.0 g (67%).

Z-3-(2-furyl)-2-phenylacrylanilide (I b)

A solution of anilide (la) (1.25 f>, 0.009 mol)

in benzene (650 ml) was placed in a pyrex

immersion irradiation vessel. Nitrogen was

bubbled through the solution. The solution was

irradiated for 7 h. The solvent was evaporated

under reduced pressure and the residue was

chromatographed on a silica gel column with

benzene as an eluet. Product was recrystallized

from methanol, m. p. 143°; yield 0.19 g

(15%).

When the reaction was performed under

the influence of air anilide (la) decomposed

completely.

Z-3-(2-furyl)-2-phenyIacryl-(4-chloro) anilide

rnt>)

A solution of anilide (Ha) (2.0 g, 0.006 mol)

in benzene (650 ml) was irradiated for 27 h.

The solvent was evaporated and the residue

chromatographed on a silica gel column with

benzene as eluent. The product was recrystal-

lyzed from methanol, m. p. 162—163°; yield

0.28 g (14%).

In the presence of air the anilide (II a)

decomposed.

*
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IZVOD

PRIPRAVA I FOTOKEMIJSKA IZOMERIZACIJA

3-(2-FURIL)-2-FENILAKRILAMIDA

G. KARMINSKI -ZAMOLA, M. DUKIĆ i K. JAKOPClC

Tehnološki fakultet Sveučilišta u Zagrebu, 41000 Zagreb

Opisana je fotokemijska izomerizacija E-3- skopijc. Nađeno je da E i Z stereoizomeri po-

-(2-furil)-2-fenilakrilamiđa u odgovarajuće Z kazuju značajnu razliku u kemijskom pomaku

stereoizomere. Karakterizacija E i Z stereoizo- etilenskih protona.

mera provedena je pomoću !H NMR spektro- (Primljeno 27. aprila 1982)
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FERROCENE COMPOUNDS. X.* THERMODYNAMICS OF

SUCCESSIVE ELECTRON TRANSFER IN SOME BRIDGED

DIFERROCENYL DERIVATIVES

TIHOMIR SOLOMUN, IBRO TABAKOVIC** and VLADIMIR RAPlC

Faculty of Technology, The Duro Pucar Stari University, YU-78000 Banja Luka, and Faculty

of Food Technology and Biotechnology, University of Zagreb, YU-41000 Zagreb, Yugoslavia

(Received 27 May 1982)

Oxidation half-wave potentials of several bridged diferrocenyl derivatives

(I—IV) were measured in a variety of the common organic solvents and at different

temperatures. The technique employed was the rotating-disc platinum-electrode

voltammetry. Electronic, structural and solvation contributions to the differences

between the first and second half-wave potentials, as a measure of the interaction

between the two ferrocene moieties, are discussed.

The mechanism by which electronic effects are transmitted from the ferri-

cenium unit to the ferrocene in the mono-cation of bridged differocenyl deriva

tives, resulting in, ,,two-waves" oxidation, remain unresolved despite numerous

published works on the subject. These compounds became particulary interesting

when the reported IR results for the related ferrocenyl-ferricinium picrate have

been associated with the direct electron transfer between the two iron atoms in

the 2+ and 3+ oxidation states1-2. Nevertheless, it has been proposed, in several

papers published recently, that in the bridged diferrocenol derivatives the differ

ences between the first and second half-wave potential (A£i/2 values) are an

indication of the electronic interaction between the two ferrocene moieties2'4.

Furthermore, the voltammetric studies of the mono- and di-substituted

ferrocene derivatives led to the suggestion that there seems to be no evidence for

any marked contribution of steric effects to the electrochemical data5-6. Bridged

differocenyl derivatives of the type studied in this work, offer a range of steric

requirements imposed on molecules.

We also hoped to assess the importance of solvation effects associated with

the electron transfer processes, which were mostly neglected in the case of bridged

diferrocenyl derivatives.

* Part IX: V. Rapid, I. Tabakovic, B. Skundric, and M. Lacan, Croat. Chem Acta, 51

333 (1978).

** Author to whom correspondence should be adressed (first listed address)
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RESULTS AND DISCUSSION

Mixed valence compounds play an Important role in biological, organic

and inorganic reactions and exhibit interesting magnetic, electronic and optical

properties7. Two types of interaction in bridged diferrocenyl compounds are

proposed; namely, operating either through the ligand or via a direct, through

space, metal-metal interaction. The potential difference separating two successive

electron transfers between the electrode and the diferrocenyl molecule is deter

mined by several factors. The coulombic interaction in the second oxidation stage

should increase Aisi/2, while electronic rearrangements like increase in conju

gation should play an opposite role. Solvation effects should increase with the

charge of the molecule and thus counteract the effect of coulombic repulsion.

All the compounds studied I—IV (Scheme 1) gave cyclic voltammograms

composed of the two successive reversible one-electron oxidation waves. The

criteria for reversible cyclic voltammograms (Ep&—Epc close to RTjF; the peak

current ratio ipejipt. equal to 1.0; the current function ip/v112 constant) were found

to be within the limits of experimental errors for both waves.

FcCOCHjCHaFc FcCOCHjFc

n

III

FcCO.

IV

Fc=ferrocenyl

Scheme 1

RDE voltammograms show two single waves. The dependence of the two

limiting currents on the square root of the rotation speed (in the range 100—3000

rpm) was linear at potentials corresponding to the plateau of the waves. The RDE

data used in the analysis were the first sweep data collected at the scan rate of

30 mV/s. The background current obtained in the absence od the electroactive

species were subtracted from the observed current before the computing pro

cedure. The iRu correction was computed using only the faradaic component

rather than the total current. The conditions were such that the background was

less than 5% of the limiting current. The AjSj/2 (A£i/2 = E\jz —-Ef/2) values

TABLE I. Values of half-wave potentials (mV) and AEhi (mV) for compounds I—IV in ACN

at 25 "C

El
EU2 Em AEm»

Compound I 269.8 526.6 257 249

Compound II 288.4 554.7 266 255

Compound III 290.0 553.7 264 263b

Compound IV 342.2 554.8 213 211"

a) A£h = AEhi — pAes. b) Estimated values based on the average value of (3 for I and II
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were determined by the following computing procedure. Initial values of the

two limiting currents were chosen together with a set of five points around each

of the estimated £1/2 value. The first limiting current was then varied by the

linear least-squares program until the relation (E0bB.—iR\x) vs. log (i/t'i—i) was

the nearest to the linear one. The E1/2 value was then obtained as the intercept

of the best least-squares line. The procedure was then applied to the second wave.

In order to check the method, A.E1/2 values for the compound III were calcu

lated by the RDE and CLSV techniques. The results obtained by the two methods

differed by less than 5 mV. On this basis, the uncertainty in A.E1/2 is set to ± 5 mV.

Each ferrocenyl group in the bridged diferrocenyl derivatives (I—IV) is

oxidized at a different potential. The more easily oxidized ferrocenyl moiety should

be the one which appears to have higher electron density around the metal atom

and cyclopentadienyl ring. Thus, the carbonyl attached ferrocenyl should oxidize

at a higher potential than the alkyl attached one. This is in agreement with the

oxidation potentials reported for 1,1-dimethylferrocene (230 mV) and 1-acetyl-

-1-ethylferrocene (660 mV)5. The first potential for the compounds I—III is

between 270 and 290 mV and the second one is between 527 and 555 mV. The

effect of the conjugation of the carbonyl group with the ferrocenyl moiety is seen

in the case of the compound IV. Here, AE1/2 is the lowest observed in the series

(cca. 213 mV in acetonitrile at 25°). In this case the conjugation in the ligand

decreases the coulombic interaction between two ferrocene moieties. In that con

text, it is worth noting that it has been shown that two methylene groups can

essentially isolate the two ferrocene units in diferrocenylethane, eliminating both

through ligand and through space interactions6. Therefore, it appears that A£i/2

values for the compounds I—III could be attributed to a ligand inductive effect.

This explanation is supported by comparison of A.E1/2 values, for I (256 mV),

II (266 mV) and III (264 mV) in acetonitrile, on one side, and for IV (213 mV)

at the other side.

The potential diference, A£i/2=£i/2—Eyz (£1/2 and Eyi are half wave

potentials for, respectively, the second and first electron transfers) was measured

vs. temperature for compounds I and II in different solvents. The results are

presented in Table II.

TABLE II. Values of A.Ei'2 vs. temperature (°C) for compounds I and II in different solvents

Solvent FcCOCHaCH2Fc FcCOCHaFc

r,°C -7.5 3.0 12.5 27.5 36.0 -9.5 1.0 11.5 26.0 35.5 45.0

CH30H Afii/a 250 257 267 273 275 250 252 256 258 260 262

t -12.5 3.5 14.0 26.0 34.5 -10.0 3.0 12.5 25.0 34.6

CH2CI2 A£i/2 234 240 248 248 253 234 242 245 247 256

r 15.5 26.0 34.5 44.0 53.5 17.0 25.0 52.0 63.0

CH3NO2 264 267 269 270 270 268 271 271 272

t 17.0 26.0 45.0 53.0 63.0 16.0 26.0 34.0 44.0 54.5

CH3CN AEi/a 257 256 253 252 251 267 266 265 263 262

CH3COCH3

t 5.0 13.0 25.5 34.0 46.0 7.0 13.0 25.5 33.5 46.0

A£i/a 234 229 227 226 219 242 241 231 234 220
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In all cases A.E1/2 appears as a linear function of temperature within the

experimental errors. Ammar and Saveant studied the two reversible one-electron

reduction potentials for a series of dinitroaromatic compounds and reported that

AE° increases linearly with temperature8. They separated AE° (and hence Kd)

into entropy and enthalpy terms using A£° = A£h— TAes where A£h and Aes

represent, respectively the enthalpy and entropy terms. Following their treatment

for Aes = (ASz— ASi)/F we can say that ASi is the increase in entropy when

passing from substrate to mono-cation, and AS2 the increase in entropy when

passing from mono-cation to di-cation.

The values of A£h and Aes were computed, according to a least-squares

procedure, for compounds I and II in various solvents and the results are shown

in Table III.

TABLE III. Values of AEH (mV) and Ae, (mVK"1) for compounds I and II in different

solvents

FcCOCH2CHjFc (I) FcCOCH8Fc (II)

Solvent A£H» -Ae,» AEh" -Ae,»

CH30H 95±26 0.59 ±0.07 129±20 0.22 ±0.05

CHaClj 132±22 0.39 ±0.06 119±22 0.44 ±0.06

CH3N02 219±20 0.16±0.05 251 ±20 0.06 ±0.05

CH3CN 296±15 -0.14±0.03 307±20 -0.14±0.05

CH3COCH3 322 ±22 -0.32±0.06 392 ±30 -0.53±0.10

») The uncertainties are estimated on the basis of the errors in AE1/2.

Inspection of Table II shows that A£i/2 values inctease linearly with tem

perature for both compounds examined in various solvents (CH3OH, CH3NO2,

CH2CI2). Small decrease of A£i/2 with temperature for compounds I and II

in water-free CH3CN is within the limits of experimental errors. Further exper

iments were carried out to investigate the effect of small amounts of water in

CH3CN. The compounds I and II progressively moved from reversible to irre

versible behaviour (compound II being more effected than I). Nevertheless, AE112

for the compound III, which exhibit quasireversible behaviour, were calculated

and are presented in Fig. 1 . Generaly, the effect of water appears to be less signif

icant than in a similar study pertaining reduction of dinitro compounds, and of

opposite sign.8 The effect is probably best explained by the similar argument

as for dinitro compounds8, H2O being more acidic than ACN, its interaction with

the cathodic species is weaker in contrast to the situation which involves anodic

species.

This is in agreement with observations of Ammar and Saveant, who attrib

uted such linear increase to more solvent ordering in the case of the diion than

for the monoion9. However, for both compounds in acetone we observed a linear

decrease of the AEm values with temperature (cca. 15 mV for II, over a tem

perature range of 40°). Such behaviour may, probably, be attributed to the differ

ence in strength of solvent-substrate interaction and to the difference in non-

-primary solvation shells, induced by shielding the positive charge of the cation
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from the bulk solvent by two methyl groups10 in acetone vs. the other solvents.*

In that context it is worth noting that observed E\j2 vs. SCE values in acetone

are higher by between 50—120 mV than in other solvents (CH3OH, CH3NO2,

CH3CN), while 2s,2/2 values are comparable.

We have correlated AU1/2 values for compounds I and II with the solvent

donicities11. The results are shown in Fig. 1.

In a higher oxidation state a metal ion is a stronger Lewis acid than in a

reduced state. Coordination by a donor solvent decreases the oxidizing properties

of oxidized species. The differences in A.E1/2 values are related to the differences

in solvent donicities. The obtained relationships are not linear because A.E1/2

is a measure of free energy, whereas the donicity is an enthalpy quantity. However,

the relationship of the A£h values for compound I in three solvents (CH3NO2,

CH3CN and acetone) show fairly good correlation with the solvent donicity.

According to Ammar and Saveant the enthalpy term AEh may be thought

of as being composed of two approximately independent parts9

A£H = A£H1 + A£He

where A£hi is tie variation, in the internal enthalpy and Ai?He the variation in

the solvation enthalpy. By plotting A£h vs. Ae„ for compounds I and II in various

solvents we have observed linear relationships in both cases.

* Referee suggested that the decrease of AE1/2 with temperature found in the case of

acetone could be related to an ion-pairing effect since this is a solvent of low dielectric constant.

Experiments are in progress to decide between the two possibilities.
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Fig. 2. Relationship between AE1I2 values in different solvents and solvent donicity

Our results, together with the work of Ammar and Saveant9, suggest that

there seems to be a general tendency in the solvation processes for enthalpies

and entropies to compensate each other. Such a correlation implies that:

AEue = PAes

the value of p being approximately the same in all solvents examined. Any effect

that leads to a stronger binding between a solute molecule and solvent molecules

will lower the enthalpy; it will, also, by restricting the freedom of vibration and

of rotation of the solvent molecules lower the entropy12. Following the assumption

that9

AEH = A£m + pAea

we have obtained the least-squares values of A£hi and (J for compound I (AEm =

= 249 mV; p = 265 K) and compound II (A£Hi = 255 mV; p = 282 K). By

assuming that the coefficient p for the compound III (A£H = 239 mV and Aeg =

= 0.09 mV K-1 in ACN) and compound IV (AEH = 197 mV and Ae8 = 0.05

mV K-1 in ACN) is the average value of p for I and II9, we were able to estimate

AEm values for compounds III (A.Ehi = 263 mV) and IV (AZjhi = 211 mV).

In terms of AEm values it could suggest that the coulombic repulsion between

the two ferrocene moieties is lowered by increase of conjugation; e.g. A£hi of

IV shows a large decrease compared with AEm of compound III.

Our results show that AEi/2 varies by over 40 mV in different solvents,

and that the solvation effects do strongly influence the standard potential differ

ence. A similar kind of trend has been noted in the case of successive oxidation

of bifcrrocenyl in CH3CN and CH2CI213. Although the number of the compounds

studied in this work is too limited to justify any general conclusious, we are con

vinced that observed AEm values cannot be reconciled with a direct metal-to-

-metal through space interaction.
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EXPERIMENTAL

'Water-free' acetonitrile was prepared by a following procedure. K2CO3 and KMn04,

together with few drops of H2SO4, were added to ACN, then left overnight and distilled. Further

distilation was carried over P2O5. Such ACN was transferred to the cell through column con

taining Woelm Neutral Aluminium oxide. Such prepared ACN contained less than 0.1% of

water. N,N-dimethylformamide, pyridine, methylene chloride, nitromethane, methanol and

acetone of analytical purity were used and contained less than 0.2, 0.25, 0.01, 0.02, 0.25 and

0.05% of water, respectively. The supporting electrolyte, tetraethylammonium perchlorate,

(C. Erba, polarographic grade), was recrystallized two times from water and vacuum dried. The

compounds I14, II15, III18 and IV18 were synthesized by known procedures and were used as

analytically pure samples.

J.The cell, the electrodes and apparatus for cyclic voltammetry, RDE voltammetry, con

volution linear sweep voltammetry (CLSV), were the same as already described. The cell was

thermostatted by circulation using a conventional thermostat or a cryostat. The temperature

fluctuation was less than ± 1 °. The platinum electrode was cleaned by keeping it for few min

utes in DMF, followed by a rinse with acetone, boiling in distilled water and drying with tissue

paper. This procedure was repeated prior to each measurement. The experiments were gener

ally carried out in an atmosphere of dried nitrogen, although identical results were obtained

in open air. The sensitivity of the substrate solutions to light was noted and experiments were

carried out with the cell wrapped in non-transparent foil.

The j'R-drop effect was mathematically corrected. The actual potential of the working

electrode, jBods- — iRu, was obtained by calculating the total resistivity of the solution between

the working and reference electrodes according to the formula of Newmann17. Specific resistiv

ities of solution were determined by condutivity bridge measurements.

Cyclic voltammograms were convoluted by the semiintegral method18 using a series de

rived by Nicholson and Shain1*

where m(f) is the semiintegral value, i(JV) is the current data, g is the time between data points,

and N is a serial number of data. The difference of 10 mV between the data points was

generally found to be satisfactory. The sweep rate was 150mV/s. The logarithmic analysis
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LIST OF SYMBOLS

AE1/2

A£o

A£H

Aes

ASi

AS*

AEne

DN

— difference between the first and second half-wave potential

— standard potential difference

—^enthalpy term

— entropy term

— increase in entropy when passing from substrate to mono-cation

— increase in entropy when passing from mono-cation to di-cation

— variation in the solvation enthalpy

— donicity number
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IZVOD

FEROCENSKI SPOJEVI. X. TERMODINAMIKA SUKCESIVNOG ELEKTRON-TRANS-

FERA KOD NEKIH PREMOŠTENIH DIFEROCENILNIH DERIVATA

TIHOMIR SOLOMUN, IBRO TABAKOVIĆ i VLADIMIR RAPIĆ

TehnoloSki fakultet, Univerzitet „Đuro Pucar Stari", 78000 Banja Luka i Fakultet za prehrambenu

tehnologiju i biotehnologiju, Sveučilište u Zagrebu, 41000 Zagreb

Voltametrijom na rotirajućoj platinskoj disk elektrodi mjereni su oksidacdoni poluvalni

potencijali nekih premoštenih diferocenilnih derivata (I—IV) u različitim organskim otapalima

i pri različitim temperaturama. Diskutiram su elektronski, strukturni i solvatadoni efekti na

razliku između prvog i drugog poluvalnog potencijala, kao mjera interakcije između dvije fe-

rocenske jezgre.

(Primljeno 27. maja 1982)
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Neighbouring hydroxyl group participation, resulting in intramolecular cyclic

ether formation, has been studied in reactions of some acyclic olefinic alcohols

with N-bromosuccinimide (in r««-butyl alcohol/water or in carbon tetrachloride)

and with tert-butyl hypobromite (in methylene dichloride). It was found that

A4-alkenols afford cyclic bromo-ethers, the ratio of five- to six-membered ring

products depending upon the reaction conditions and upon the number and po

sition of methyl substituents at the double bond and at the carbinol carbon atom.

In the reactions of 5-hexen-l-ol with these reagents, hydroxyl group participation

is regioselective, affording exclusively the corresponding six-membered cyclic bromo-

-ether. Primary olefinic alcohols with a more remote terminal double bond (A6

and A7), such as 6-hepten-l-ol and 7-octen-l-ol, do not undergo intramolecular

cyclization when treated with the same bromo-reagents.

In continuation of our stud es on intramolecular hctcrocyclization of al-

kenols1, we have now investigated the ether ring closure reactions of some simpler

acyclic olefinic alcohols by means of N-bromosuccinimide (NBS) and rerr-butyl

hypobromite (r-BuOBr), in function of methyl substitution at the unsaturated

(trigonal) carbon atoms and at the carbinol carbon atom (in A4-alkenols), and

in function of the constitutional relationship (distaxxe) between the double bond

and the hydroxyl group (in terminally unsaturated and unsubstituted primary

A8-, A4-, A6-, A6- and A7-alkcnols). The reactions with NBS were performed

(i) in polar solvent — the unsaturated alcohols were stirred with NBS in a mix

ture of tm-butyl alcohol/water (6:1) one hour at 0—5° and then 23 hours at room

temperature; and (ii) in nonpolar solvent — the alcohols and NBS were stirred

in carbon tetrachloride at room temperature for 48—72 hours (until the end of

the reaction, controlled by NMR spectroscopy). The reactions with r-BuOBr

* Address for correspondence: Department of Chemistry, Faculty of Science, Studentsk

trg 16, P.O. Box 550, YU-11001 Belgrade, Yugoslavia.
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were performed by addition of the reagent in methylene dichloride to a stirred

solution of alkenols in the sam~ solvent at 0—5° until the pale yellow colour per

sisted and then stirring the resulting mixture for another 30 minutes.

The results obtained in these reactions are given in the Table. It should

be mentioned, that cyciization yields, when ring closure occurred, were in general

very good to excellent, varying from 80 to 90% (for an exception — reported

by other authors2 — see run 9.3 in the Table).

TABLE. Formation of fire- and/or six-membered cyclic

bromo-athera by the oxybromination reaction of some

alkenols with N-bromosuccinimlde and t-butyl hypobromite

Run" Alkenol Cyclic bromo-ether products1"

5-membered

U.A)

(l.B)

(1.0)

(2.A)

(2.B)

(2.C)

C3.A)

(3.B)

(3.C)

(4.A)

(4.B)

(*.0)

(5.A)

(5.B)

(5.C)

(6.A)

(6.B)

(6.0)

(7.A)

(7.B)

(7.C)

H)la (R1

la

la

lb (R1

lb

lb

Z-I7

Z-IT

Z-IV

b-iv4

E-rr

E-TV

Vila (R2 ■ r' » H)

Vila

Vila

Vllb (R2 = He, R3 » H)

Vllb

Vllb

Vile (R2 . r3 = lie)

VIIc

VIIc

Ila (94%)^

Ha (~99%)

Ila (~99%; 60%2)

lib (>99%)

lib (>99%)

lib (>99%)

Ilia (1.5%)lf

erythro

V-er (5%)

V-er (15)

V-er (0%)

V-er

V-er

(69%)

(732)

threo

V-th (9*. 5%)

V-th (98ft)

V-th (90%)

V-th (16.5%)

V-th (16.5%)

VI (0.5%)e

VI (trace)

n (o%)

VI-trans (14.5%)

Vl-trans (10.5%)

V-er (69%) V-th (18.5%) Vl-trana (12.5%)

Br

Me

Villa (5%)

Villa (33%)

Villa (33%)

VHIb (10%)e

Vlllb (50%)

VHIb (30%; -2)

VIIIc (30%)

VIIIc (~99%)

VIIIc (70%)

Ha (95%)

Ha (67%)

Ha (67%)

Kb (90%)f

Hb (50%)

Ltb (70%; 24JS2)

He (70%)

He (0%)

He (30%)
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TABLE. (Continued)

Run* Alkenol ™SuCBr * Cyclic bromo-ether productsb

OH ^CH,

(8. A, B or C) X

(10.A, B or C) XHIa (n = 1)

(ll.A, B or 0) Xlllb (n = 2)

No cyclic ethers

(9. A) XI XII (86.5%)

(9.B) XI XII (92.5%)

(9.C) XI XII (~2C%)2

No cyclic ethers

Rune (A) are reactions with NBS in t-BuOByH20; runs (B) are

reactions with NBS in CCl^j runs (C) are reactions with t-BuCBr in

CHgClg.

b^ Relative product distribution was calculated from analytical

gas chromatograms and/or evaluated from H-NMR spectra. Conversion to

cyclic ethers was in general 80-90%.

e^ Configuration (cis-trans) not determined.

d^ (E)-4-Hexen-l-ol (E-IV) used in the present study contained

aboutf*15% of the diastereomeric (Z)-4-hexen-l-ol (Z-IV).

e^ Represents total yield of cla and trans diastereomers, which

were not separated in runs 6. A, 6.B and 6.C.

f ) The diastereomeric trana/cls ratio of IXb in runs 6 (A, B and C)

was about 95:5.

(i) From the Table in can be seen that the studied A4-alkenols afford, a

major (and in most cases only) reaction products, cyclic bromo-ethers of the tet-

rahydrofuran : and tetrahydropyran type. The results obtained show also that

the methyl substituents at the double bond and carbinol carbon atom have a pro

nounced influence on the regiosclectivity of ring closure, i.e. on the relative pro

portions of the five-membered and six-membered cyclic bromo-ethers formed.

Thus, the terminally unsubstituted A4-alkenols 4-penten-l-ol (la) and 4-methyl



410 MIHAILOVIC, MARINKOVIC, ORBOVIC and KONSTANTINOVlC

-4-penten-l-ol (lb) afford exclusively (or almost exclusively) cyclic bromo-ethers

of the tetrahydrofuran type, i.e. 2-bromomethyltetrahydrofuran (Ha) and 2-bro-

momcthyl-2-methyl-tctrahydrofuran (lib), respectively, and changes of solvent

(f-BuOH/H20 or CC14 for NBS; runs A and B, respectively) or reagent (NBS

or f-BuOBr in CH2CI2; run C) did not influence product distribution. In the

case of A4-alkenols with a terminally monosubstituted olefinic double bond, such

as (Z)- and (£)-4-hexen-l-ol (Z—IV and E—IV, respectively), the ratio of five-

-membered to six-membered cyclic bromo-ethers depends essentially on the

stereochemistry around the double bond (a similar behaviour of these diastereo-

meric alcohols being previously observed in their reactions with mercuric ace

tate11*). Thus, irrespective of reaction conditions (A, B, C), (Z)-4-hexen-l-ol

(Z—IV)* yielded (almost) exclusively (90—98%) the five-membered threo-l-

-bromo-l-(tetrahydrofuran-2'-yl)ethane (V-th) * *, whereas the diastcreomeric

(2j)-4-hexen-l-ol (E—IV) afforded, in addition to the expected eryrAro-l-bromo-

-l-(tetrahydrofuran-2'-yl)ethane (V— er)*** as major product (69—73%), and

the rAreo-isomer V-th as minor five-mcmbered cyclic ether (16.5—18.5%), a

certain amount (10.5—14.5%) of the six-mcmbered fraMS-3-bromo-2-m?thyltetra-

hydropyran (Vl-trans). However, it should be noted that the starting (£)-4-hexcn-

-l-ol (E—IV) contained (according to GC) about 15% of its Z-isomer Z—IV,

so that actually it appears that the ?An?o-tetrahydrofuran-type ether product V-th

(in runs 4.A, 4.B and 4.C), is mostly derived from the Z-alcohol Z—IV present

in the substrate.

A significant influence of structure and reaction conditions (reagent and/or

solvent used) was shown in the case of A4-p.lkenols with a terminally dimethyl

substituted double bond, such as the primary 5-methyl-4-hcxen-l-ol (Vila),

secondary 6-methyl-5-heptcn-2-ol (Vllb) and tertiary 2,6-dimethyl-5-heptcn-2-oI

(VIIc). These three alcohols afforded both five- and six-membered cyclic bromo-

-cthers VIII and IX (a, b and c, respectively), whereby an increase in methyl

substitution at the carbinol carbon atom and a decrease of solvent polarity [from

r-BuOH/H20 (runs A) to CH2CI2 (runs C) to CC14 (runs B)] led to an increase

in the yield of five-numbered cyclic bromo-ethers VIII.

It should be noted that a number of cyclizations with NBS, under various

reaction conditions and with different substrates containing A4-alkenol systems,

have been reported, .and are in general agreement with our results given above.

Thus, alcohols with similar structural features as 4-methyl-4-pentcn-l-ol (lb)

and/or (Z)-4-hexen-l-ol (Z—IV), such as (+)-carotol3, as- 1,2-bishydroxymcthyl-

-4-cyclohexene4, dolichodiol5 and «'s-carveol5, afforded (in 80—90% yield) five-

-membered cyclic bromo-ethers when treated with NBS, either in f-BuOH/H203.4

or in CH2C12 in the presence of dimethyl sulphide5. On the other hand, (Z)-4-

-cycloocten-l-ol reacted with NBS in water-dioxane, und.r slightly acidic con

ditions, to give an 84:16 mixture of five-membered and six-membered cyclic

bromo-ethers, possibly as the result of subsequent equilibration6. Six-membered

ether ring closure was observed in the reaction of 3-indolcpropanol with NBS

in CH2CI27. Terminally disubstituted, teitiary A4-okfinic alcohols of the VIIc

* Containirg ca. 1% of its diastereomer E—IV.

** Threo-V: racemic mixture (IR,2'R) + (15,2' 5).

*** Erythro-V: racemic mixture (IS,2'R) + (IR,2'S).
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type, such as linalool5,8a'8b, trans- and m-nerolidol8"'80,80, trans- and cjs-2,6,10-

-trimethyl-5-undecen-2-ol8c and betulafolienetriol9, undergo reaction with NBS

in CCU8,9 or aqueous acetone9, or with NBS + Me2S in CH2CI25, to give as major

products five-membered cyclic bromo-ethers in yields of 75 to ca. 100% (accom

panied possibly, in some cases, by a small amount of the corresponding six-mcm-

bered isomers). On the other hand, the cyclic alcohol a-terpineol was converted

with NBS + Me2S in CH2CI2 to a six-mcmbered cyclic bromo-ether in 34%

yield5. When 2,6-dimethyl-5-hepten-2-ol (VI Ic) itself was treated with NBS

and dimethyl sulphide in methylene dichloride, it afforded a 71.5:28.5 mixture

of the cyclic five-membcred and six-membered bromo-ethers VIIIc and IXc

(in a total yield of 60%)5, this being in very good agreement with our results ob

tained with the same alcohol (VIIc) in run 7.C (Table).

tcrt-Butyl hypobromite in methylene dichloride, as cyclization reagent

for A4-alkenols, was applied previously only in the case of 4-penten-l-ol (la) and

6-methyl-5-hepten-2-ol (Vllb), which were reported to give 2-bromomethyl-

tetrahydrofuran (Ha, 60%) and rrans-3-bromo-2,2,6-trimethyltetrahydropyran

(IXb, 24%), respectively (see Table, runs l.C and 6.C)2.

Hypobromous acid, generated in situ from N-bromoacetamide (NBA) and

10% aqueous perchloric acid in dioxane/water, has been reported to convert

efficiently (in over 90% yield) steroidal A4-alkenols (of the (Z)-4-hcxen-l-ol

(Z—IV) type), i.e. 2,3-unsaturated1011 and 6,7-unsaturated 19-hydroxy-5a-stcr-

oids12, to the corresponding five-membered cyclic bromo-ethers10-12. In one

case, a 10(J-vinyl-5a, 6p-dihydroxy-steroid (of the 4-penten-l-ol (la) type) reacted

with its 6-hydroxyl group at the terminal olefinic =CH2 group, to give pro

ducts containing a six-membered ether ring13.

(ii) The most simple A3-alkenol, i.e. 3-buten-l-ol (X, Table) does not undergo

cyclization when treated with NBS or t-BuOBr. In contrast, the terminally dialk-

ylated 4-methyl-3-penten-l-ol (Me2C=CHCHCH20H) reacted with these

reagents with participation of the hydroxyl group and formation of the corre

sponding five-membered 3-bromo-2,2-dimethyltetrahydrofuran14. However, when

the terminally unsubstituted A3-double bond and the hydroxyl group are geo

metrically fixed and conveniently oriented, four-membered ether ring closure

is possible, as demonstrated in the reaction of the cyclic alcohol tetraacetyl grayano-

toxin-II (containing an exocyclic A3-olefinic bond and a tertiary hydroxyl group)

with NBS in acetone, when a four-membered bromomethyl oxetane structure

was obtained in 80% yield15.

Steroidal A3-alkenols, such as 5,6-unsaturatcd 19-hydroxy-steroids (6-

-methyl substituted16 or 6-unsubstituted101718), were reported to react with N-

-bromoacetamide (NBA) in r-BuOH/H2016 or with HOBr, generated in situ (from

NBA and 10% aqueous perchloric acid)10,1718, to give the corresponding five-

-membered 5<x-bromo-6p,19-epoxy-steroid derivatives10,16-18 (in 70 to over 90%

yield); with HOBr other steroids, i.e. 5a-hydroxycholest-2-ene19 and 19-hydroxy-

cholest-4-ene11, were also converted to the respective five-membered cyclic bromo-

ethers.

(iii) The only A5-alkenol investigated so far was 5-hexen-l-ol (XI, Table)-

In the reactions with NBS in £-BuOH/H20 or CCI4, the major, and only, cy

clization product was the six-membered 2-bromomethyltctrahydropyran (XII).

With f-BuOBr in methylene dichloride the same cyclic ether XII was obtained,
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but apparently, as reported by other authors2, in much lower yield (about 20%,

see Table)*.

(iv) Primary olefinic alcohols with a more remote (A6 and A7) terminal

double bond, such as 6-hepten-l-ol (XHIa, n = 1) and 7-octen-l-ol (XHIb,

n = 2), did not cyclize (Table) when treated with NBS or with £-BuOBr (the

same being true in reactions with other halogen donor reagents).

From these data it follows that intramolecular ring closure of simple (open-

-chain) alkenols by means of NBS or r-BuOBr (similarly to the previously de

scribed acid-catalyzed reactions1*1 and oxymercuration (-demercuration) reactions111)

is limited to the formation of five-membered and six-membered cyclic bromo-

-ethers, and that, since no rearrangement in 5-hexen-l-ol (XI), 6-hepten-l-ol

(XHIa) and 7-octen-l-ol (XHIb) was observed and since the cyclizations are

in general stereoselective (e.g. in the case of (Z)- and (iJ)-4-hexen-l-ol (Z—IV)

and (E—IV), respectively), these oxybromination reactions with participation

of the hydroxyl group involve as major intermediates „rigid" three-mcmbered

cyclic bromonium ions2,8b'**, rather than ,,conformationally mobile'' carbocations

(the latter being generated, for example, in the acid-catalyzed cyclizations of alk

enols10). As to the regiospecificity of these ring closure reactions, it can depend

on various factors, such as steric (stereo)electronic, polar and thermodynamic,

and further study is necessary in order to rationalize the results here obtained

(and those reported by other authors).
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EXPERIMENTAL***

Gas chromatography: Varian Aerograph instrument, Series 1400 (flame-ionization detector)

for analytical purposes ; Varian Aerograph instrument, Model 700 (thermistor detector) for pre

parative separations; the columns consisted of Carbowax 20M, XE 60, OV 225 or OV 101, ad

sorbed on Chromosorb P or Chromosorb W (3—20%); carrier gas H2 or Ar. IR spectra: Per-

kin-Elmer Grating Spectrophotometer, Model 337. NMR spectra: Varian Spectrometer, A-60A

(at 60 MHz). Mass spectra: Varian Atlas CH-5 spectrometer. Fractional distillations: semimicro

and micro Vigreux columns.

The olefinic alcohols used as reactants (see the Table) were known compounds, either

available commercially or prepared according to procedures described in the literature.

* In the reaction of 5-hexen-l-ol (XI) with iodonium nitrate (INO3), the yield of the

correspodning six-membered cyclic ether product, i.e. 2-iodomethyltetrahydropyran, was also

relatively low (about 17%)20.

** See also references 10—13 and 17—19.

* * * Spectral measurements were performed in the Laboratories for Instrumental Analysis

(directed by Prof. D. Jeremic). (All compounds analyzed gave satisfactory percentage values

for C and H and had correct spectral characteristics.)
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Cyclization reactions

Reactions with N-bromosuccinimide (NBS).- (a) In tert-butyl alcohol/water.- 4.7 g (0.025

mol + 5% excess) of NBS (freshly recrystallized) were added in small portions, at such a rate

that the temperature in the mixture did not exceed 5°, to a stirred solution of 0.025 mol of alk-

enol in 30 ml of tert-butyl alcohol and 5 ml of water, which was cooled (in an ice-water bath)

at 0—5°. After stirring for 24 hours at room temperature, the mixture was diluted with 100 ml

of water, treated with 10% aqueous Na2Sz03 (to destroy unreacted excess of NBS), and extracted

with four 30—40 ml portions of diethyl ether. The organic extracts were combined, washed

with 5% aqueous NaHCOs and water, dried (CaSCi) and stripped of the solvents in vacuo at

room temperature. The resulting product mixture was directly analyzed by NMR and (when

possible) by gas chromatography. The results are given in the Table (runs n.A). (b) In carbon

tetrachloride.- 0.02 mol of alkenol, 25 ml of carbon tetrachloride and 3.76 g (0.02 mol + 5%

excess) of NBS were stirred at room temperature for 48—72 hours (sometimes prolonged stirring

was needed; the end of the reaction was controlled by NMR spectra of the crude reaction so

lution). The reaction mixture was filtered off, washed with 10% aqueous Na2S203 and water,

and dried (CaSCU). Carbon tetrachloride was evaporated in vacuo, at room temperature and prod

ucts were directly analyzed by NMR and gas chromatography. The results obtained are given

in the Table (runs n.B).

Reactions with ten-butyl hypobromite.- 0.01 mol of alkenol in 10 ml of methylene dichlo-

ride was stirred at 0—5° (in an ice-water bath) and to this mixture was added dropwise a cold

solution of tert-butyl hypobromite in methylene dichloride21 until the solution became perma

nently pale yellow. Stirring was prolonged for 30 minutes at room temperature. The mixture

was then washed with water, 10% Na2S2<D3 and water, dried (CaSC>4), and methylene dichloride

evaporated in vacuo at room temperature. The products were directly analyzed by NMR and

gas chromatography. The results are given in the Table (runs n.C).

The cyclic bromo-ether products (see Table) were characterized and identified on the basis

of spectral data*. Some bromo-ethers were known compounds, already mentioned in the liter

ature: 2-bromomethyltetrahydrofuran (Ila)1', 3-bromotetrahydropyran (Ilia)1'.22, 2-bromo-2-

-(5',5'-dimethyltetrahydrofuran-2'-yl)propane (VIIIc)5 and 3-bromo-2,2,6,6-tetramethyltetrahy-

dropyran (IXc)8.

2-Bromomethyl-2-methyltetrahydrofuran (,11b).- IR (CCU): vmiu[ = 2980, 2880, 1450, 1378,

1310, 1230, 1100, 1077, 1050, 1005, 760, 660 cm"1; NMR (CCU): 8 = 1.32 (3H, CH3, s), 1.55—

—2.28 (4H, at C(3) and C(4), m), 3.39 (2H, CH2Br, s), 3.81 (2H, at C(5), t, J = 6.5 Hz); mass:

m\e = M+ 180 and M+ 178 not detected, 123 (5.9%), 121 (6.1%), 86 (6%), 85 (100%), 69 (6.3%),

57 (7.1%), 55 (7.6%), 53 (6%), 43 (87.2%), 42 (19.6%), 41 (31.1%), 39 (20.7%).

1-Bromo-l-(tetrahydrofuran-2'-yl)ethane (V).- (a) etythro (V-er).- IR (film): vmax =

= 2995, 2890, 1460, 1380, 1360, 1190, 1100, 1086, 1032, 1010, 960, 930, 720, 633, 500 cm-1;

NMR (CCU): 8 = 1.74 (3H, CH3, d, J = 6.5 Hz), 1.57—2.40 (4H, at C(3') and C(4'), m), 3.60—

—4.10 (4H, at C(l), C(2') and C(5*), m); mass: m/e = M+ 180 (0.17%), M+ 178 (0.17%), 72

(8.2%), 71 (100%), 70 (7.7%), 57 (10.3%), 43 (60%), 42 (12.9%), 41 (34%), 39 (12.4%); (b)

threo (V-th).- IR (CCU): Vmu = 3000, 2890, 1460, 1385, 1205, 1130, 1070, 1045, 1005, 930,

870, 637, 495 cm-1; NMR (CCU): 8 = 1.65 (3H, CHsd, J = 7 Hz), 1.75—2.16 (4H, at C(3')

and C(4'), m), 3.49-^.34 (4H, at C(l), C(2') and C(5)*, m); mass: m\e = M+ 180 (0.17%), M+

178 (0.17%), 72 (5.6%), 71 (100%), 57 (13.3%), 43 (56.8%), 42 (11.6%), 41 (30.9%), 39 (11.6%)

trans-3-Bromo-2-methyltetrahydropyran (VI-trans).- IR (CCU): vm»x = 2960, 2865, 1455,

1380, 1272, 1250, 1205, 1182, 1135, 1100, 1095, 1060, 1020, 988, 927, 903, 868, 853, 720, 480

cm"1; NMR (CCU): 8 = 1.30 (3H, CH3, d, J = 5.5 Hz), 1.42—2.72 (4H, at C(4) and C(5),

m), 3.08—4.10 (4H, at C(6), C(3) and C(2), m); mass: m/e=M+ 180 (7.7%), M+ 178 (8%), 165

(24.3%), 163 (25%), 108 (26.1%), 106 (27%), 59 (23.6%), 57 (39.3%), 55 (100%), 43 (90.1%),

41 (52.9%), 39 (32.9%).

2-Brotno-2-(tetrahydrofuran-2'-yl)propane (Villa) and 2-bromo-2-(5,-methyltetrahydrofu-

ran-2'-yl)propane (VIHb) were not isolated because of their decomposition in the course of gas

chromatography, but were detected on the basis of 'H-NMR spectra of the crude reaction product

mixtures.

3-Bromc~2,2-dimethyltetrakydropyran (IXa).- IR (CCU): vmax = 3000, 2970, 2890, 1480>

1465, 1450, 1400, 1385, 1355, 1320, 1285, 1250, 1238, 1219, 1190, 1147, 1108, 1088, 1062, 990,

For numbering of the cyclic bromo-ethers see structures in the Table.
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958, 925, 698, 568, 478 cm"1; NMR (CCU): 8 = 1.29 and 1.32 (6H, 2 x CH3, 2 x s), 1.45—2.35

(4H, at C(4) and C(5), m), 3.48—4.07 (3H, at C(3) and C(6), m); mass: m/e = M+ 194 (1.6%),

M+ 192 (1.6%), 137 (14%), 135 (14.6%), 113 (63.1%), 97 (17.5%), 85 (29%), 71 (20.4%), 59

(80.9%), 58 (42%), 55 (68.8%), 43 (100%), 42 (14%), 41 (38.9%), 39 (22.6%).

3-Bromo-2,2,6-trimethyltetrahydropyran (IXb).- (a) cis (IXb-cis).- IR (CCU): Vnu =

= 2990, 2880, 1450, 1385, 1370, 1308, 1227, 1158, 1135, 1105, 1078, 1053, 991, 893, 867, 850,

695, 571, 519 cm"1; NMR (CCU): 8 = 1.12 (3H, CH3 at C(6), d, J = 6 Hz), 1.28 and 1.38 (6H,

2 x CH3, at C(2), 2 x j), 1.37—2.22 (4H, at C(4) and C(5), m), 3.42—3.90 (1H, at C(6), m), 4.05

(lHe, at C(3), t, J = 3 Hz); (b) trans (IXb-trans).- IR (CCU): vm»x = 2995, 2950, 2890, 1465,

1450, 1385, 1370, 1345, 1244, 1225, 1195, 1157, 1128, 1108, 1093, 1046, 1000, 980, 959, 930,

895, 847, 695, 519, 479 cm-1; NMR (CCU): 8 = 1.05 (3H, CH3 at C(6), d, J = 6 Hz), 1.30

and 1.34 (6H, 2xCH3 at C(2), 2xs), 1.42—1.81 (2H, at C(5), m), 1.90—2.41 (2H, at C(4), m),

3.40—3.85 (1H, at C(6), m), 3.82 (1H„ at C(3), t, J = 9 Hz); mass: m/e = M+ 208 (3.7%), M+

206 (3.7%), 151 (28.7%), 149 (30.1%), 127 (59.6%), 85 (24.3%), 83 (27.2%), 69 (98.5%), 68

(52.9%), 67 (25.7%), 60 (20.6%), 59 (100%), 58 (29.4%), 55 (57.4%), 43 (66.2%), 42 (55.9%),

41 (54.4%), 39 (36.8%).

2-Bromo-2-{5',5,-dimethyltetTahydrofuran-2'-yr)propane (VIIIc).- IR (film): Vm^t = 2985,

2940, 2880, 1475, 1390, 1375, 1320, 1310, 1295, 1250, 1228, 1140, 1112, 1075, 1041, 1027, 1014,

981, 950, 913, 862, 775, 735, 630, 490, 465cm-i; NMR (CCU): 8 = 1.10—2.20 (4H, at C(3")

and C(4'), m), 1.17 and 1.22 (6H, 2 x CH3 at C(5'), 2 x j), 1.63 and 1.67 (6H, (CHs)2-C-Br, 2 x s),

3.76 (1H, at C(2'), t, J = 6.5 Hz); mass: m/e = M+ 222 and M+ 220 not detected, 140 (28.5%),

125 (18.6%), 97 (42.9%), 71 (35%), 70 (37.3%), 69 (36.2%), 67 (42.7%), 59 (23.2%), 56 (20.1 %),

55 (31.1%), 43 (100%), 42 (15.8%), 41 (54.8%), 39 (16.4%).

3-Bromo-22,6,6-tetramethyltetrahydropyran (IXc).- IR (film): vm„ = 2985, 2945, 2885,

1475, 1450, 1390, 1375, 1350, 1264, 1238, 1194, 1132, 1075, 1010, 992, 982, 951, 928, 880, 825,

776, 734, 686, 580, 555, 469 cm"1; NMR (CCU): 8 = l.lOand 1.34 (6H,2xCH3 at C(6),2x*),

1.23 (6H, 2x CH3 at C(2), s), 1.30—2.40 (4H, at C(4) and C(5), m), 3.75 (1H, at C(3), t, J =

6 Hz); mass: m/e = M+ 222 and M+ 220 not detected, 140 (40.4%), 125 (18.3%), 97 (42.1%),

85 (27%), 72 (34.3%), 71 (72.5%), 70 (26.4%), 69 (69.7%), 67 (30.9%), 56 (14.9%), 55 (40%),

43 (100%), 41 (79.5%), 39 (23%).

2-Bromomethyltetrahydropyran {XII).- IR (film): vmu = 2960, 2865, 1450, 1380, 1350,

1308, 1275, 1238, 1210, 1195, 1175, 1095, 1055, 1040, 980, 927, 900, 790, 675, 660, 582, 520cm-i;

NMR (CCU): 8 = 1.08—2.14 (6H, at C(3), C(4) and C(5), m), 3.30—3.66 (4H, at C(6) and CHsBr,

m), 3.93 (1H, at C(2), d, J = 12 Hz).

H3BOJ1

CTBAPAIEE UHKJIH*IHHX ETAPA H3 OJIE<t>HHCKHX AJIKOXOJIA.

VIII. HHKJIH3AUHJA HEKHX HE3ACHREHHX AJIKOXOJIA

OTBOPEHOr HH3A nOMOTAY N-EPOMCyKHHHHMHJIA H

«3epi/-EyTHJI-XHnOEPOMHTA

MHXAHJIO Jh. MHXAHJIOBHH, flPArAH MAPHHKOBHH, HHKOJIA OPEOBWB.

XeMujcKu UHCuiuiuyiu TIpupodHo-MaiueMauiuHKOz (fiaxy.iuieiua Vhueepmiueuia y Eeoipady u

HHCutuiuyui sa xeMujy, iuexHO/ioeujy u MeuXa/typiujy, Eeoepad

CTAHHMHP KOHCTAHTHHOBH-E

XeMujcKu UHCuiuiuyiu npupodno-MauieMaiuutKot (fiaKv.tmcuia YHUtep3uuiema „Ceeuio3ap MapKoeuh"

y Kpacyjeeuy

npoyiaBaHa je napTHUiinauHja ximpoKCHjme rpyne, uito flOBOflH ao mrrpaMOJieKyjiCKor

CTBapaita loikjih'ihhx eTapa, y peaKmijaivia hckhx aimmnnnnix oned)HHCKHX ajiKoxona ca N-

-6poMcyKmiH3LwimoM (>' «Jepi/-6yTHJT-ajiKoxojry/BOflH hjhi y yrJbeH-TeTpaxJiopufly) h ca uiepy-

-6yTHJi-xHno6poi«HTOM (y Me-nineH-fliixjiopHfly) . Har}eHO je m cbh HcrarrHBaim A4 -ajiKeHOJm
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^ajy Kao rjiaBHe peaKinioHe npoH3BOfle UKKJimme 6poMHe eTpe TerpaximpotpypaHCKor h/hjih

xerpaxHapoimpaHCKor mna, npH leiwy oflHoc neTO<Maiijtx npeina mecToyjiamiM uhkjijwhiim

e-rpiuia 3aBHCH o;t ycnoBa peaKiwje h oa 6poja h nanowaja Meraji-cyncTHTyeHaTa Ha «Bory6oj

BC3ii h Ha KapSHHOJmoM yrjbeHHi<y. y peaKimjaiwa 5-xeKceH-l-0Jia ca noivieHyrHM peareHCHMa

napTHUHnaimja xnapoKCHJiHe rpyne je pernjoceneKTHBHa, npH leiwy nocraje HCKJby^HBO mecTO-

qjianH uhkjihmhh SpoMHH erap. Kofl npHMapHHX ajiKeHOJia ca yaajbeimjoM TepivumajiHOM «bo-

iy6oM Be3oiw (Ha npwwep KOfl 6-xenTeH-l-ona h 7-OKTeH-l-ona) He AOJia3ii «o napTHimnauHje

3CM/ipoKCHJiHe rpyne, na crrora hh flo 3aTBapan>a eTapcKor npcreHa.

(IlpHMJbeHo 8. jyHa 1982)
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The kinetics of the electrophilic substitution of Cr(III) ions in Ca(II)-

-EDTA complexes has been investigated spectrophotometrically in the pH range

3—5, at 25—45°, in the presence of a large excess of Naz[CaL] (L4_ = ethylene-

diaminetetraacetato ion). The main product is the quinquedentate complex

[Cr(H20)HL], which is formed by a dissociative path with a first-order rate-de

termining step. Above pH 4.1 a second first-order process also participates in

the formation of the product. The latter process might belong to an associative

reaction path.

The kinetics of cation substitution in ethylenediaminetetraacetato com

plexes has been extensively studied with bivalent cations, and according to By-

dalek and Margerum1, two main reaction paths can be discerned. The first one

s a dissociative mechanism, as, for example, for cations An+ and Bm+:

AL-<4-») + H+ = A"+ + HL3~

Bm+ + HL3- = BL-<4-»> + H+

or: Bm+ + HL3- = BHL-<3"m>

(L4- is the ethylenediaminetctraacetato ion). As a rule, this mechanism is acid-

-dependent. The second path is an associative mechanism, usually acid-inde

pendent, which proceeds through a binuclear intermediate:

AL-<4-"> + Bm+ = ALB-<4-">-n>

ALB-*4-"1-") = BL-<4-"» + An+

Data on the displacement of tervalent cations are rather scarce and involve the

reactions of Fe2+, Ni2+ and Co2+ withethylenediaminetetraacetatoaluminate(III)

ion2, in which the rate-determining step is the dissociation of protonated Al(III)-

-EDTA complexes. No data on electrophilic substitution of Cr(III) ions in EDTA

complexes of bivalent cations are reported, and only few data on ligand-exchange

reactions of Cr(III)3.

The reaction of Cr(III) with EDTA has been extensively investigated4-?

and can be shortly summarized as follows. In acidic solutions, the main complex

is [Cr(H20)HL] in which the EDTA ligand is quinquedentate with a protonated

carboxylato group, whereas one water molecule is firmly coordinated to Cr(III).

417
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At low pH, that complex can be further protonated; at high pH, species like

[Cr(H20)L]-, [Cr(H20)L(OH)]2- and [0(H20) L(OH)2]3- are formed. Attempts

to identify a sexydentate complex, as CrL~, were unsuccessful7.

The present paper reports kinetic data on the electrophilic substitution

reaction

Cr!q+ + CaHL- (or CaL2-) Cr(HaO)HL (or Cr(H20)L-) + Ca2+ (1)

in acidic solutions (pH 3—5). Preliminary experiments have shown that the main

product is, indeed, Cr(H20)HL, which has been identified by its absorption spec

trum5, reproduced in Fig. 1. Since the investigated system is rather complicated

02
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Fig. 1. Absorption spectrum of the complex [Cr(H> O)-

HL] measured in solution: 8 x 10-*mol dm~s

Na2[CaL] + 1 x 10-3mol dm-» Cr(N03)3, 25°,

pH 4.89.

and involves equilibria between several species, all kinetic studies have been made

in the presence of a large excess of one component, Na2 [CaL]. This provides

following advantages: (1) constant ionic strength without addition of a third elec

trolyte; (2) easy pH regulation and, owing to the buffer capacity of CaL2-, kinetic

runs can be made at constant pH; (3) reaction rates are independent of the con

centration of EDTA species.

Preliminary experiments have also shown that the reaction of eq. (1) is

practically irreversible, as expected from the values of formation constants of

CaL2-, CaHL-, Cr(H20)HL and Cr(H20)L- (eqs (6), (7), (10) and (11)). In

the discussion of the reaction mechanism, the following equilibria and equilib

rium constants are relevant:

L4- + H+ = HL3-
*h

= 1.70 x 1010 (2)

HL3 " + H+ = H2L2~ K» = 1.445 X 10« (3)

H2L2- + H+ = H3L- = 467.7 (4)

H3L- + H+ = H4L *y = 100 (5)
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Ca2+ + L4" = CaL2- = 5.012 x 10!° (6)

Ca2+ + HL3- = CaHL-
X2Ca = 3236

(7)

CaL2- + H+ = CaHL- K?= 1096 (8)

CaHL- + H+ = Ca2+ + H2L2- = 446.7 (9)

<^q+ + L<- = Cr(H20)L- Ki = 2.51 x 10" (10)

+ HL3- = Cr(HzO)HL K2 = 1.86 X 10" (ID

Cr(H20)L- + H+ = Cr(HzO)HL K3 = 1250 (12)

The above equilibrium constants are taken or calculated from data of ref. 8 and

they refer to 25° and ionic strength Ic X 0.1, except the value of K3 of eq (12),

taken from ref. 5 and obtained at Ic ~ 0.05.

EXPERIMENTAL

Stock solutions of Na2[CaL] have been prepared from equivalent amounts of calcium

oxide and disodium salt of ethylenediaminetetraacetic acid. The stock solution of Cr(III) was

in the form of Cr(NC>3)3. Samples for kinetic measurements were prepared in volumetric flasks

by adding the desired amounts of thermostated stock solutions and a previously determined

small amount of HNO3 to adjust the pH at desired level. The time required for sample prepa

ration was negligible compared to the time intervals of measurements. Simultanously with spec-

trophotometric measurement, (at the 545 nm absorption peak of Cr(HjO)HL), the pH of the

samples has been followed to check its constancy. Spectrophotometric measurements were made

with a Beckman instrument in a thermostated cell-compartment.

From the total concentration of Na2[CaL], using the balance-equations for EDTA and

Ca(II) and the equilibrium constants of eqs (2)—-(12), the following expressions for the con

centrations of the species CaL2-, CaHL-, HjL2- and HL3- can be derived:

[CaL2-]= (cA-«)/(l + Kf* h) (13)

[CaHL-] = (Ca - u) Kf*hl(l + h) (14)

[H2L2-] = «/<x (15)

[HL*-] = ulaKfh (16)

Here, cA is the total Na2[CaL] concentration, and u is the positive real root of the quadratic

equation :

CA-tt-M* 1—— =°

Further, a = 1 + ilK^K^h^ + l/K^ h + Kf h + K^K^h2, and h = [//+].

Taken strictly, eqs (13)—(16) give the initial concentrations of the species, at zero time.

However, if ca, the total concentration of Naa[CaL], is in large excess over cb, the total con

centration of Cr(III), one can neglect the amount of EDTA bound to chromium, so that the

concentrations given by eqs (13)—(16) are practically time-independent and constant at constant
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pH. In Table I are listed the concentrations of four important EDTA species in solutions of

given ca value, but different pH, as used in the kinetic studies. These data are obtained with

eqs (13)—<16).

TABLE I. Concentrations of CaL2", CaHL-, H2L2~ and HL»- (mol dm"') in the pH range

3—5 (cA = 0.036 mol dm-3), according to eqs (13)—(16).

pH [CaL2-] [CaHL-] [H2L2-] [HL»-]x 102 x 102 x 102 x 10s

4.86 3.368 0.5095 0.1713 8.591

4.10 2.485 2.164 0.8586 7.480

3.82 1.817 3.014 1.377 6.294

3.48 0.9015 3.272 2.040 4.265

3.21 0.3661 2.474 2.285 2.564

KINETIC MEASUREMENTS

Figs 2—5 summarize the kinetic data. As seen from Figs 2 and 3, up to pH 4.10, in all

cases, after an induction time to (when only slight changes in absorbance occur), a first order

rate-expression is obtained. The straight lines represent the equation In [(Aa, — At)l(A<a — Ao)] =

= — k(t — to), valid for rs<o (see next section). The absorbances Ao, At and A&, refer to zero

time, time t, and infinite time. The rate constant obtained is pH-dependent and increases with

decreasing hydrogen ion concentration. This first-order rate expression for different Cr(III)
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Fig. 2. Kinetic measurements In [(Ax —

— AOI(Aco—Ao)]vs. time, at different

pH values of the solution: 0.036 mol dm~3

Na2[CaL] + 0.001 Cr(N03)3. (25°, h =

= 0.12, X = 545 nm). Straight lines re

present eq. (49). For pH 4.86 see Fig. 4.
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Fig. 3. Kinetic measurements at pH

3.82, at three temperatures. Other data

as in Fig. 2.
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concentrations is shown in Fig. 5. In contrast to the kinetic data at lower pH, at pH 4.86 no simple

rate expression is obtained (Fig. 4). The lines fitted to the experimental points in Fig. 4 are based

Fig. 4. Kinetic measurements, (Aa>—Ai)l

ICAoo—Ao) vs. time, at pH 4.86, at

three temperatures. Other data as in

Fig. 2. The lines represent eq. (48),

fitted to the experimental points by

of a computer program.

 

50 Kmin) 75

on a mechanism that is discussed in the next section. They have been obtained with a computer

program and represent the following integral rate-equation (valid at f>*o):

 

Fig. 5. First order rate equation In [(Ax —Ai)l(A<x> -

Concentration of Naa [CaL] 0.036 mol dm-3, pH 4.

centration of Cr(III): □ 5 x 10-«, O 1 x 10~3,

50 (t-to)min

-/lo)] vs. (f—to).

10, 25 °C. Con-

• 1,5 x 10-s.

(Aoo -AdKAao-Ao) = yexp [-fo(r-to)] + (l~Y)exp [-*j(t-r0)]. (17)

Thus, the extent of the reaction is expressed as a sum of two first-order processes with rate con

stants *i and ki. The coefficients y and (1— y) give the fractional participation of each process

in the over-all rate (0<y<l). The data in Fig. 4 show that k\ and ki are strongly temperature

dependent.
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A mechanism, which is consistent with all the kinetic data obtained is proposed and dis

cussed in the next section.

MECHANISMS

Let us anticipate that three reaction paths occur simultaneously and con

tribute to the formation of the Cr(H20)HL or Cr(H20)L- complex. (These two

complexes are in a fast equilibrium, according to eq. (12)). Path I and II are asso

ciative mechanisms, whereas path III belongs to a dissociative mechanism.

(I) Cr£ + CaL.2- ^ [Cr(H20)LCa]+ (18)

(P) (0)

[Cr(H20)Ca]+ Cr(HzO)L- + Ca2+ (19)

(0) (X')

(II) Cr3a++ CaHL- Jl [Cr(H20)HLCa]2+ (20)

(P) (R)

[Cr(H20)HLCa]2+ _*J Cr(H20)HL + Ca2+ (21)

(R) (X)

The third path is based on the same mechanism as the reaction of Cr(III) with

EDTA in acidic solutions5, assuming a constant concentration of H2L2_ as a result

of the equilibria of eqs (9), (3) and (4).

(III) Cr3+ + H2L2- ± [Cr(H20)H2L]+ (22)

(P) (S')

[Cr(H20)H2L]+ ^ [Cr(H20)HL] + H+ (fast) (23)

(so (S")

[Cr(HzO)HL] *J Cr(HzO)HL (24)

(S") (X)

The species S' and S" are intermediates with Cr(III) bound only to acetato groups5

so that no Cr-N bonds are established and, consequently, no chelate rings are

formed. We shall assume similar structure for other intermediates, denoted [ ].

In contrast, the products X and X' are true chelates and absorb strongly at 545 nm.

The species Cr^+ include all Cr(III) species not bound to EDTA (Cr(H20)36+,
Cr(OH) (H20)|+,q etc.).
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Let the concentrations of species P, Q, R, S', S", X and X' be p, q, r, s'

s", x, x'. These concentrations are, of course, time-dependent. Then, from eqs

(18), (20) and (22) one can derive the following differential rate-equation:

-dpldt = (*i[CaL2-] + £2[CaHL-] + h[H2U-])p

or

—dpldt = kpp (25)

and

ftp = k\ + *« + *»' (26)

klp = ki[Ca.U~]; h% = kz[CaHL~]; k™ = k3[H2Lz-] (27)

since [CaL2-], [CaHL-] and [H2L2-] are constant at constant pH, owing to

the large excess of Ca-EDTA. Taking now into account that p0 = cb (the total

concentration of Cr(III)) when £ = 0, one obtains from eq. (25):

p = cBexp(— kpt). (28)

From eqs (18), (19), (27) and (28) the following differential rate equation is derived:

-dg/dr = k[q - kip[CaL2~]= k[q-klpcB exp(-kpt). (29)

Since q0 = 0 when t = 0, the solution of this linear first-order differential equa

tion is:

q= JBk[ [exp ( - kp t) - exp ( - ki't)} . (30)

R 1 — ftp

Similarly, the dependence of the concentration of species R on time is:

r = y^h texP ( - *p 0 - exp (- k't t)] (31)

In the same way can be treated eqs (22)—(24) of path III, but the fast equilibrium

of eq. (23) must be taken into account. Let be, according to eq. (23):

s = + s" = i"(l + h/Kh)

or

s" = s[Kbl(Kb + h)]. (32)

Here, h = [H+]. The differential rate equation based on eqs (22)—(24) is:

-ds/dr = «3V'-ft3[H2L2-]/>.

Combining the above equation with eqs (27), (28) and (32), one obtains:

-ds/dt = k\s-kpucB exp(-*p£). (33)
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The rate constant depends on [H+] and is defined by eq. (34).

*• =k3Khl(Kh + A). (34)

As in the case of q and r, the solution of the linear first-order differential equation

(33) is:

s=——*— [exp(-*p 0 - exp (-*$ r)] (35)

k3 — kp

The integral rate equation. The total concentration of chromium can be expressed as

cB = p + q + r + s + x + x'. (36)

Here, s = s' + s", and according to eq. (12):

x' = x/Kah. (37)

The last two equations give:

x(l + I//C3A) = CB-p-q-r-s. (38)

The absorbance of a solution measured at 545 nm at time t depends only on the

concentrations of the products, x and x', and their molar absorptivities, ax and

a'x- The species P, Q, R, S' and S", since they do not form chelate rings, have

almost negligible absorbances. If this conjecture is correct, (so far, it has been

proven for the intermediates S' and S"5), one might assume, without introducing

an appreciable error, that those species have a common, almost negligible molar

absorptivity a0, so that a0<Cax, a3. Then the absorbance equation is (for /=1 cm):

At = (p + q + r + s)a0 + xax + xa'JK3h (39)

At t = 0, p0 = cb and the concentrations of all other species is zero. Then eq.

(39) gives:

a0 = AoIcb (40)

At t-+ao, p = q = r = s = 0, and Xoo and Aoo are, according to eqs (38) and

(39), respectively,

Xoo (1 + I/AT3A) = cB) A<v=x00 (ax+ aJKsh)

The last two equations give:

ax + a'xIK3h = ^oc/cb(1 + I/**). (41)

Combining eqs (38)—(41), gives:

Y = Cp + q + r + s)/cB (42)

where

Y = (Ax-At)l(A„-A0).
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Inserting now eqs (28), (30), (31) and (35) into eq. (42), one obtains an integral

kinetic equation in the required form of Y = f(f).

+ % \ , exp (-*,' t)+ \ , exp (-*,' t)+ * exp (-*& t). (43)

«p — «1 Rp — ff2 kp — k\

The observed kinetic expressions (Figs 2—5) are considerably simpler, and therefore

we shall consider several special cases which simplify eq. (43). For example, if

the first step in each reaction path is slow and rate-determining, kp<^.ki, kz, kza,

so that the last three exponential terms in eq. (43) can be neglected, and eq. (43)

is reduced to

In y = -kpt +b (44)

b = In (1 -*p7*i' -O^'s -*p"/*s)- (45)

Eq. (44) can be derived directly from eqs (18)—(24) if the steady-state approxi

mation is applied to the intermediates. Introducing the quantity t0 = b/kp, where

to is an apparent induction time, one obtains:

In y = -*p(r-r0). (46)

This equation is mathematically identical to the rate expressions obtained below

pH 4.86. However, eq. (46) has a physical meaning insofar as one can prove that

kp depends on the concentrations of CaL2-, CaHL- and H2L2~, (or each of these

concentrations single, or in pairs), as required by eqs (26) and (27). We have tried

to prove this, but without success. Every combination of two or three simultanous

reaction paths gave at least one negative value for the rate constants k\, kz and

A3 of eqs (18), (20) and (22). When only one reaction path is assumed to be oper

ative, no constant value for the rate constant at different pH values is obtained.

Hence, eq. (46) is ruled out, and we conclude that the first steps of the reaction

paths cannot be rate-determining.

The second special case that simplifies eq. (43) is opposite to the previous

Namely, if kp^>k'i, k'z, k3s, the second steps of the three reaction paths are rate-

-determining. In that case, one can anticipate an induction time t0 necessary for

the rapid formation of intermediates Q, R and S. After t0 elapsed, the first ex

ponential term on the right-hand side of eq. (43) can be neglected and one obtains :

y = a exp [-A'i(r-ro)] + P exp [-k'2(t-t0)] + y exp [-^(r-r0)] (47)

a = k*lkPi p = *«/*p; Y = *^/*p» £^ to. (47a)

Also, according to eq. (26) :

a + P + Y = 1

■
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The coefficients a, (3 and y are fractions which show the participation of each

reaction path in the over-all kinetics. If only two reaction paths occur, say path

III and path „j", eq. (47) is reduced to

In Y = y ecp [-*&-*«)] + (1-y) exp[-*j(f-r0)]. (50)

Such a type of equation has been obtained at pH 4.86 (Fig. 4). In eq. (48), £3

depends on [H+] according to eq. (34). At lower pH, a simple first-order rate

equation is obtained (Figs 2 and 3), and since its rate constant depends on pH,

we have assumed that only one reaction path is possible, path III. Namely, the

only second step that depends on pH belongs to path III (eqs (23) and (24)). Thus,

if in certain pH range fep'^fcj, (see eqs (27) and Table I), then y -»■ 1> and

eq. (48) gives :

In Y = -*Kt-to). (51)

One must prove, of course, that k\ depends on the hydrogen ion concentration

as required by eq. (34).

RESULTS AND DISCUSSION

All observed rate constants are listed in Table II. At pH values below 4.86,

eq. (49) is valid and the observed k\ values are listed in the third column. At pH

4.86, eq. (48) is valid, and the two rate constants obtained, with the value of the

coefficient y, are listed in the lower section of Table II. The rate constant with

higher value has been identified as £3 and is listed in the third column ofthe upper

section of the Table. Next, all observed £3 values have been tested whether they

agree with eq. (34), and the equilibrium constant Kh as well as the rate constant
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k'3 have been calculated. Fig. 6 presents the dependence ofpk\ on log

 

as required by eq. (34). The rate constants k'3 for three temperatures are listed

in the fifth column of Table II, and the enthalpy and entropy of activation, rel

evant to k'z, in the last column. The activation entropy is negative, as expected

for the process described by eq. (24), which is, in fact, the rate of chelate ring

formation. No attempts have been made to calculate activation parameters related

to the rate constant since this rate constant still needs unambiguous identifi

cation.

Taking into account all the results obtained, the following is concluded

about the mechanism of the reaction in acidic solutions. The main product is

Cr(H20)HL which is formed by a dissociative reaction paih described by eqs

(22)—(24). The rate-determining step is the slow formation of Cr-N bonds, i.e.

chelate rings, as in the reaction of Cr(III) with EDTA in the absence of calcium5.

At pH 4.86, this rate-determining step is coupled to a slower, apparently first-

-order process, whose rate constant (kj) has been evaluated, but the present data

are insufficient to identify that process exactly.

TABLE II. Rate constants and activation parameters (7C = 0.12)

T/K pH *^/s-i /ChXlO* Jfe'3/s-1* Activation

x 1Q4 x 103 parameters

298 4.86 5.05

4.10 1.12

3.82 0.688 0.733 1.41 AH* = 86.3

3.48 0.298 kj mol"1

3.21 0.120

308 4.86 22.3 0.810 5.90 AS* =-10

3.82 2.93 J mol-iK"1

318 4.86 58.3 0.903 14.1

3.82 7.62

pH 4.86 (eq. (48)):

298 K:y = 0.81; *3 = 5.05 x lO^s"1; k, = 2.00 x 10~*9->

308 K: y = 0.86; 2.23 x lO-'s"1; k, = 5.33 x l0-4s-i

318 K: y = 0.83; *« = 5.83 x lO^s"1; kj = 6.67 x lO^S"1

* Estimated error ± 5—10%.

Several facts support this conclusion. First, the distribution of EDTA

species in Table I show that a considerable amount of H2L2- is present in the

system; at pH below 3.8, H2L2- is, in fact, the major species. The presence of

free EDTA ligands is a prerequisite for the dissociative path. Second, the de
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pendcnce of the observed rate constants (£3) on hydrogen ion concentration is

in good agreement with the proposed mechanism (see Fig. 6), as required by eq.

(34). Third, the kinetic data for the rate-determining step are essentially in

agreement with those reported for the reaction of Cr(III) with H2L2-. Namely,

if one assumes that Hamm's rate constant for his first slow process is rate-deter

mining for the formation of the Cr(H20)HL complex5 the following comparison

can be made. Hamm's pk values at Ic = 0.05 are 2.99 (25.2°) and 2.34 (37.3°);

our values (pk'3) at Jc = 0.12 are 2.85 (25.0°) and 2.23 (35.0°). Hamm's pKb value

is 4.92 (31.0°) and AH* 89 kj mol-i; our values are 5.09 (35.0°) and 86 kj mol-i.

The agreement is reasonable, taking into account the difference in ionic strength.

The appearance of an additional slow process at pH 4.86 might indicate

that at higher pH values another mechanism prevails. This second process could

be a slow step of the associative path I (eqs (18) and (19)), since at higher pH,

CaL2~ is the major species. Another possibility, that cannot be ruled out, is the

first step of path III (since decreases with decreasing H2L2- concentration

and the latter decreases with increasing pH), or a step involving a hydroxo-complex

of the product. Anyway, in order to elucidate that slow process, further investi

gation at higher pH is required, although the formation of complexes of the type

[Cr(H20)L(OH)n]"(n+1) 7 might complicate the system considerably.
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H 3 B o n

KHHETHKA PEAKTJHJE Cr(III) ca Ca(II)-EDTA KOMnjIEKCHMA

CO*HJA CAFH'R ■ HBAH J. TAJ1

XeMujcKU llnciuuuiym, npupodHO-MauicMauumKu tfjaxyjiuieui, ymteepauiueiu y Eeotpady,

11001 Eeoepad

KnHenrKa ejieKTpodmjme cyncnnyiriije Cr(III) y Ca(II)-EDTA KOMiuieKCHMa ncmrraHa

je cneKTpocboTOMeTpiijcKH y pH o6jiacTH 3—5, npH 25—45°, y npHcycrey BejmKor BinuKa

Na2[CaL] (L4_ je eTHJieHflHaMinrreTpaaiteTaTO-joH). IjiaBHH npoayKr peaiamje je neTO/jeirraTHH

KOMnjienc [Cr(HzO)HL] KojH Hacraje ;preouHjaTHBHHAi MexamMMOM. Ep3HHy peaKmije oaperjyje

jeaaH KHHeTH^KH npoqec npBor pe^a. H3Hafl pH 4,1 jeaaH floflaran cnopn npouec TaKor)e yMe-

CTByje y CTBapaH>y npoflyKra; Taj 6h iworao fla npwna^a je^HOM acoiuijaTHBHOM MexaHH3My.

(IIpHMJbeHO 4. jyHa 1982)
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A method for thermometric precipitation titrations of both silver and halide

ions in molten calcium nitrate tetrahydrate at 55 °C is described. Halide ions in

molten salt solution were titrated with an aqueous solution of silver nitrate and

vice versa. The change in temperature during the titration was followed by means

of a thermistor bridge coupled with a recorder. Amounts of 0.1 to 0.5 millimoles

of halides and silver ions were determined with a relative error below 1% and

standard deviation of the mean less than 1%.

The first thermometric titrations in molten salts were described by Jordan

et al.1,2 They titrated halide ions in a molten lithium nitrate — potassium nitrate

eutectic with silver nitrate in the sr.me melt at 158°. They also proposed a setup

for thermometric titration in molten salts at elevated temperature. The drawback

of the method was the need to keep the titrant in melt at an elevated temperature

and the titrant manipulation (e.g. filling the burette) required a special technique.

When the low-temperature melts, such as the aqueous nitrate melts, are involved,

the manipulation technique is much simpler, since some of the salts melt at only

10—20° above room temperature.

In view of the above, we developed a method for determination of chloride,

bromide and iodide in molten calcium nitrate tetrahydrate by thermometric ti,

tration with the aqueous solution of silver nitrate, and for determination of silve-

with a halide solution, respectively. Calcium nitrue tetrahydrate melts at 42°r

hence it is possible to use the setup and manipulation technique differing only

slightly from those usually employed for aqueous solutions.

EXPERIMENTAL

Apparatus. The titration setup consisted of three main parts: adiabatic titration calorimeter,

titration equipment, and temperature monitoring system.

As the adiabatic calorimeter served a Dewar vessel placed in a laboratory oven („Instru-

mentaria" Zagreb), 36 dm3 in volume. On its upper part it had a hole, 4 cm in diameter, for the

mechanical stirrer drive shaft, Teflon tube extension of the piston burette and leads for coupling

the thermistor into the Wheatstone bridge. The oven temperature was regulated within ± 0.3"

and temperature fluctuations in the Dewar vessel did not exceed 0.001° during 15 minutes.

The temperature monitoring system consisted of a GM 104 (ITT) thermistor coupled

in an Wheatstone bridge anda„Goerz Electro", type Servogor RE 511 recorder. The thermistor

was sealed in a thin-walled glass tube and had the following specifications: resistance at 25°

100 kfl, dissipation constant 0.7 mW/K, effective resistance at 55° 25 kfi. The e.m.f. for the
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Wheatstone bridge was supplied by means of a 2.4-V battery. At the maximum sensitivity setting,

the thermistor bridge yielded a temperature response of 0.16 K/mV. Full pen deflection of the

recorder was 5 mV = 20 cm, so that 1 cm on the recorder chart corresponded to 0.04°. The

chart speed was 3 cm/min.

For titrations we used an automatic Tolg burette of total volume of 0.60 cm3. Its piston

was run by a synchronous motor with adjustable speed. In this work the applied titration rates

were 0.2813 ± 0.0020 cm3/min and 0.1122 ± 0.0008 cm3/min. The piston burette was placed

outside the oven and a Teflon tube (inner diameter 2 mm) served to transfer the titrant solution

to the titration vessel. Inside the oven the tube was bent in a coil in order to allow the solution

to acquire the oven temperature before entering the reaction vessel.

Chemicals and Solutions. All chemicals used were reagent grade. Calcium nitrate tetrahydrate

(Kemika, Zagreb) was recrystallized from water. Sodium chloride (Kemika, Zagreb) was re-

crystallized from water acidified with HQ and dried by a prolonged heating at 500°. Potassium

bromide (Merck) and potassium iodide (Merck) were used without purification. The solutions

of NaCl (1.505 mol dm"3), KBr (1.365 mol dm"3) and KI (1.393 mol dm"3) were prepared by

dissolving the necessary amount of the salts in re-distilled water and standardized with a stand

ard AgN03 solution.

The standard 1.365 mol dm~3 AgNC>3 solution was prepared by dissolving the pure salt

as a primary standard. The standard solutions of both halides and silver nitrate contained 2 mol

dm-3 Ca(NOs)a in order to minimize the heat of mixing of the Ca(N03)a melt and an aqueous

solution during titration.

Procedure. The determinations were carried out in two ways. In the first procedure, into a Dewar

vessel with 50 g of melt, an amount between 0.13 and 0.5 mmol of the titrated halide was added.

The termistor was put in to the melt and the vessel placed into the oven. After the temperature

equilibration, the Wheatstone bridge was set up into a currentless state and the recorder was

switched on. The end of the burette Teflon tube was inserted into the melt and the titration

started at constant stirring of the melt. In the second procedure, a known amount of silver nitrate

was added into the Dewar vessel and titrated with a standard solution of halide. From the volume

of the titrant solution consumed, the amounts of halide and silver, respectively, were calculated.

The advantage of the second method is that no special care has to be paid to the storage of halide

 
III

A

Time/Volume of titrant

Fig. 1. Thermometric titration curves of halides with 1.365 mol dm-3 silver

nitrate solution. I, 0.3140 mmol NaCl; II, 0.2910 mmol KBr; III, 0.2142

mmol KI. Solvent: 50 g of Ca(N03)2-4H20
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solutions as it is necessary in titrations with silver nitrate solution. The later, being a relatively

concentrated solution, under influence of light, decomposes significantly in the burette. For

this reason it was necessary to clean the burette every day or, to protect the AgNC>3 solution from

light very carefully.

Series of nine titrations for each halide were carried out in a range of concentrations be

tween 2.6 x 10_s and 1 x 10_a mol kg-1. The titrant concentrations were 100 to 500 times higher

than te titrant melt, so that the volume of the titrant used in titrations varied between 0.09 and

0.4 cm3. It was observed that the precipitates coagulate faster, compared to the corresponding

silver halides in aqueous solution.

RESULTS AND DISCUSSION

In Figure 1 the thermometric titration curves of 0.3140 mmol of NaCl,

0.2910 mmol of KBr, and 0.2142 mmol of KI are shown. As it can be seen,

the sharpest change on the titration curve is obtained in the titration of iodide,

which is understandable if we bear in mind that silver iodide has the lowest sol

ubility and highest enthalpy of formation of all silver halides. However, in all

three cases, the curves with a sharp break at the beginning and in the end of ti

tration, is obtainable. The heights of the titration curves correspond to the amount

of heat liberated during the titration. These temperature jumps are, however,

larger than it could be expected on the basis of the reaction enthalpy of formation

of the corresponding silver halide in a Ca(NC>3)2 ■ 4H2O melt3 and the heat ca

pacity of the system. The reason for this discrepancy is the exothermic effec

of mixing the melt with the aqueous titrant solution, so that the observed tem

perature change corresponds to the integral heat of silver halide precipitation

and mixing of the melt with an aqueous solution. The titrant solutions contained

2 mol dm-3 Ca (N03)2, to diminish the temperature effect of the mixing. How

ever, as it can be seen from the temperature increase after the equivalence point,

the heat of mixing was significant and could not be eliminated completely, but

this effect did not interfere with the determination. If the titration were performed

with the titrant dissolved in the melt instead of aqueous solution, this effect could

be eliminated, but it would complicate the setup without any significant increase

in the accuracy of determination. The distance between the points A and C on

the titration curve was taken as the measure of solution volume of the titrating

reagent used. Since the standard solutions were prepared at room temperature

and the titrations were carried out at 55°, the change in volume caused by the

temperature difference was taken into account in calculation of the results. Be

sides, we eliminated this effect by measuring the solution aliquots both in their

standardization and halide (silver) determination bf means of the same piston

burette and at the same temperature.

The results of determinations are given in Table I. The numbers in the

last column show that the mean halide/silver ratios were between 0.99 to 1.01,

very close to the theoretical ratio of 1.00. As it can be seen, it is possible to de

termine 0.13 to 0.5 mmol of halides (or silver) with an average relative error of

1% and with a precision better than 1%. The precision given in the last column

represents the standard deviation of the mean value. The results, accuracy and

precision, given in Table I correspond to both the titration of halides with silver

nitrate and vice versa. In this respect there was no difference between the two

procedures involved.

Acknowledgement. The authors acknowledge the financial support of the Research Fund of the

SAP Vojvodina, Novi Sad.
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TABLE I. Results of determination of halides by thermometric titration in Ca(N03)2. 4H2O melt

x- Theoretical Found Experimental Mole ratio

millimoles millimoles X-/Ag+

ci- 0.2043 0.2081 1.02

0.2055 0.2081 1.01

0.2367 0.2446 1.03

0.2978 0.2981 1.00

0.3038 0.2981 0.98

0.3225 0.3262 1.01

0.3434 0.3459 1.01

0.4330 0.4359 1.01

0.4740 0.4696 0.99

mean value: 1.01 ± 0.005

Br- 0.2552 0.2624 1.03

0.2597 0.2527 0.97

0.2669 0.2731 1.02

0.2898 0.2991 1.03

0.2910 0.2910 1.00

0.3110 0.3136 1.01

0.3203 0.3138 0.98

0.3732 0.3584 0.96

0.5244 0.5202 0.99

mean value: 1.00 ± 0.008

I- 0.1279 0.1250 0.98

0.1472 0.1474 1.00

0.1761 0.1771 1.01

0.1791 0.1844 1.03

0.2087 0.2052 0.98

0.2142 0.2031 0.95

0.2363 0.2292 0.97

0.2809 0.2771 0.99

0.3334 0.3359 1.01

mean value: 0.99 ± 0.008

H 3 B O P,

TEPMOMETPHJCKA THTPAUHJA XAJIOrEHHflA y PACTOny

XHJIPATHCAHOr KAJIUHjyM-HHTPATA

HfflTBAH J. JKHrPAH h flEHCE B. EAPTYC

Hiicutuiuyiu ia xeAtujy, IlpupodHO-MauieMaxuuHKU cfiaKyAuieui, YHuaep3utueui y HoaoM Cody,

21000 Hoeu Cad

OmicaHa je iweTOfla 3a TepMOMerpHjcKy Ta^o>Kiry nrrpainijy cpe6pa h xajioremvra y pa-

crony KajiuHjyM-HHTpaTa TeTpaxiiflpaTa Ha 55°. XajioreHHflHH jora y pacTony cojih THTpoBaHH

cy BofleHHM pacTBopoM cpe6po-miTpaTa h oSpHyTO. IlpoMeHa TeMnepaType y TOKy Tirrpairjije

npaheHa je noMohy TepMHcropcKor Mocra Be3aHor 3a rmcaM. Oflper)HBaHe cy KOJnrtHHe oa 0,13

flo 0,5 MHJiHMOJia xajioremwa h cpeSpa ca pejiaTHBHOM rpeuiKOM flo 1% h CTaHaapAHOM AeBH-

jauiijoM cpeAae BpeflHocra MaH>OM ofl 1%.

(npHMJteHO 16. *taja 1982)
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Defects in the structure of microcrystalline BaC03 precipitated from aqueous

solution was investigated by use of a radioactive tracer. The penetration of the

tracer into the solid phase occurs into two stages: a) a very fact surface exchange

and b) a tracer diffusion into the crystal bulk. The temperature dependence of self-

-diffusion of l33Ba was found and the activation energy of defect disappearing

due to crystal ageing of 36.8 kj/mol as wel as the activation energy of isotopic

exchange of 51.2kJ/mol were determined. •

The sorption of microimpuritics bv ionic crystal sorbents is greatly affected

by the quantity and the type of crystal disorders. The microcrystals obtained

from supersaturated solutions have a rather imperfect structure1. The investi

gation of defects elimination due to the microcrystal ageing is methodologically

and experimentally very complex2. The radioactive tracer method appears to

be a very useful because such a fast process could be followed on microcrystals

in contact with the mother solution3.

Self-diffusion of 133Ba in the microcrystals of BaC03 was investigated.

The process is determined by the rate of isotopic exchange between the solid

and liquid phase as well as by defects elimination due to crystal ageing. In order

to obtain the activation energies for both processes the technique of „pulse heating"

was applied.

T

Fig. 1. Schematic presentation of the „pulse heating" method, t = 0

is the time of tracer addition, t the time of precipitation ageing, j,
/»-the temperature of ageing, 7Vthe temperature of isotopic exchange. c

UO

EXPERIMENTAL

The BaC03 precipitate was obtained by mixing (addition time 2s) of the same volumes

of equimolar BaCU and NajCOs solutions by a propeller stirrer at a given temperature (Ta).

At various time intervals of precipitation ageing (t), the radioactive tracer 133Ba was added (Fig.

1), the temperature of the system was abruptly changed to a new value {Te) and the decrease

of activity in the liquid phase was radiometrically recorded. For each chosen temperature of

ageing, T%, the self-diffusion of 133Ba was followed for three different times (t = 2, 15 and 120

min.) and at four temperatures of exchange (re = 293, 313, 333, and 353 K).
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RESULTS ANDJDISCUSSION

Typical experiments of 133Ba penetration into the solid phase are presented

on Figs 2 and 3. Figure 2 shows the change in tracer concentration in the liquid

phase for various times of precipitation ageing at constant exchange and ageing

 

120 tkntn)

Fig. 2. Change of tracer concen

tration in solution at different

times of precipitation ageing t:5

min (1). 30min(2), 120min(3).

7V = 293 K, Te = 313 K.

temperatures. Figure 3 shows the change in tracer concentration depending on

the exchange temperature at constant ageing time. These data show that the ex

change occurs in two stages: a) the very fast process of surface exchange which

terminates for less than 2 min, and b) the tracer diffusion into the crystal bulk.

Therefore it is possible to separate the total intensity, /, of isotopic exchange into

two parts:

I = -fsurf + /bulk

M' -§)-(!)

Fig. 3. Change of tracer concen

tration in solution as function of

the exchange temperature Tt (K) :

293 (1), 313 (2), 333 (3), 353 (4).

t = 30 min., Tt = 313 K.

 

120 t(min)
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were C*, C0* and C* are tracer concentrations in the liquid phase at the time

t, t = 0, and after the surface exchange took place, respectively.

The self-diffusion coefficient D is calculated from /bulk on the basis of the

equation developed for diffusion from well-stirred solutions of limited volume

into a bulk of homogeneous speherical particles of similar size4:

2 p S /—

/buik = \Dt

Cm Vis1!*

were p and S are the solid phase density and surface, respectively, Cm is the sub

stance concentration in solution and V is the solution volume.

The self-diffusion of 133Ba into the microcrystalline BaCOs is affected by

the temperature at which exchange occurs and by the crystal disordering. If the

tracer migration into the solid phase takes place according to the vacancy mech

anism1 then the temperature dependence of the coefficient of self-diffusion

may be represented by the equation:

D = o>(T) C(7\ t)

were o> ( T) is the factor describing the temperature dependence of translatory

atom shifting in the solid phase and C ( T, t) is the diffusion coefficient depend

ence on precipitation ageing and the temperature of ageing. Determination of

the activation energy of isotopic exchange (IT) and the activation energy of defect

disappearance due to crystal ageing (W), necessitates the separation of their in

fluence on diffusion. If we assume first order kinetics for defect disappearing

i.e. C=C0exp (—ar) and validity of the Arrhenius equation for the temperature

dependence of the rate constant, eq. (4) becomes :

D = w0 exp (-UIRT) C0 exp { [a0 exp (-WIRTa)]?}

The quantities W and U may be calculated when one of the parameters

Te, 7a and t are varied and retaining a constant value for the others. Retaining

Ta, Te — const., the slope of In D = f (t) determines the function T = a0 exp-

( — WjRTe). These experiments were carried out at three different temperatures

Ta. and the activation energy of defect disappearance W = 36.8 kj/mol was ob

tained from the graph In V vs. 1/Ta. In the same manner the self-diffusion coef

ficient was determined for different Te, retaining Ta, x = const, and from the

graph InD vs. \jTe the isotopic exchange activation energy U = 51.2kJ/mol

was calculated.

The above value for the activation energy of isotopic7exchange is in good

agreement with previously reported values for similar systems3,5. The investigation

of the disappearance of defects due to crystal ageing should provide a basis for

the solution of the practical task of improving sorption properties of microcrystals.
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H 3 B O fl

HCniITHBAH>E flEd>EKATA y MHKPOKPHCTAJIHMA EAPHJYM-KAPEOHATA

METCW)M_PAIlHOAKTHBHHX HHJIHKATOPA

CJIABHUA EAMH'E h HCHBOPAJ BYKOBHTi

Mucuiuuiyui 3a HyKAeapneJ-ayxe „Eopuc Kudpuv", u.up. 522, 11001 Beozpad

JleebeKTHa crpyicrypa MHKpoKpHcrrajia BaCOa TajiOHCCHHX H3 uo.icimx pacreopa hcilhth-

Baita je ynoTpe6oM paflHoaKniBHiix iiH^HKaTopa. Yjia3aK HHAHKaTopa y ropery (pa3y ooBHja

ce y ABe (ba3e: a) Bpno 6p3a noBpnmHCKa H3MCHa h 6) AH(py3Hja HumtKaTopa y 3anpeMiwy Kpn-

crajia. I lal cua je TeMnepaTypcKa 3aBHCHocr caMoaH<py3Hje l33Ba h cupeijeiw cy aranraamitne

eHcprHje 3a o/yiaaaK ,ic<pci<aTa ycnea crapeiba W = 36.8 kj/mol h 3a HsoToncKy H3.weiiy U =

= 51,2 kj/mol.

(FIpHMJbeHo 27. oKTofipa 1981 ; peBumrpaHo 9. jyHa 1982)
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Cjiy>KehH ce flHHaivuraKOM ancopnuHoHOM mcto^om HcmrrHBaH je npeHoc

Mace Ha aho cyfla, npeByqeHHM (poiuwoM CHJiHKa rejia, npw Kaim>aH.y pacTBopa

MemneHCKor iuiaBor Ha Tamte cnojeBe pacTBopa oBe 6oje. HoChbchh cy aflcopn-

UHohh xpoMaTorpaMH y o6jniKy KOHneHTpiroaix umpnx npcreHOBa ca ueHTpoM

Ha Mecry na^aita Karra. Ohh oflroBapajy kpjokhhm TajiacHiwa KojH ce (J)opiWHpajy

Ha noBpuiHHH, npn Meiwy HHTeH3HBHo o6ojeHH npcTeHOBH 03HawaBajy wwbe Tanaca.

AHajiH3HpaHH cy floSHjeHH aflcopnuHOHH xpoiwaTorpaMH y 3aBHCH0CTH on fle6jBHHe

cnoja pacTBopa h BHcmie Kanibaiba . H3Be«eHH cy eMimpHjcKH aHajnmmKH H3pa3H

3a OBe 3aBHCH0cra Kao h rpamraHH ycnoBH npeHoca iwace doa yniuajeM Tajiacaita

noBpniHHe.

H HajMaaH nopeMehaj noBpuiHHe tcvhocth H3a3HBa Ha H»oj nojaBy iimperfca

Tajiaca. y jiHTepaTypn je o6par)HBaH yTinjaj Tajiacaita Ha HHreH3H(pHKanHjy npe-

Hoca Mace h ToiuioTe1. Hhcmo HaHimrH fla je npoy^aBaH cneKTap npeHoca Mace

y TaHKOM ycrajiacaHOM fywmy tcihocth. Ciora cmo ce ofljrynurH fla Hama hc-

TpaH<HBaH>a ycMepHMO y Taj flOMeH.

KopHiuheHa je aflcoprrirHOHa MeTo^a2 Koja noqHBa Ha flHHaMiWKoj aflCopnnHjH

6oje H3 BOfleHHX pacTBopa no noBpnrnHH o6jeKTa npeBytjeimM 6ejiHM (J)Hjimom

cHJiHKa rejia. BH3yejiHHM npoyqaBarteM hjih KOJiopHMeTpHcaiheM Hacrajior o6ojeH>a

no oCjeiory — aflcopnHHOHor xpoMaTorpaMa — #0Jia3H ce ao kophchhx o6aBe-

niTerta Be3aHHX 3a npeHoc Mace, a npeno h>hx, 36or aHaJiornja npeHoca, h flo

noflaTaKa o npeHocy Mace H KOjnWHHe Kperaaa.

y pajry Kojn je nperxoflHo obom3 yo*rnjrH cmo 3a, y 3aBHCHOcra 03 ae6jBHHe

cnoja pacrBopa H3Hafl ppa, Hacrajy jiBa Tnna xpoMaTorpaMa. 06jauiH>eH.e OBe

pa3JiHKe cboahmo Ha flBe Bpcre npeHoca eHepraje Kpo3 TeqHy (pa3y, a ca aoMe

h Mace. Ako ce Kami>e Ha cyBy paBHy noBpuiHHy (pHJiMa CHJiHKa rena, o6pa3yje

ce Bpjio TaHaK crioj TeqHocra fle6jbHHe S npH ueMy Hacraje ohojihko kohuch-

tphtihhx npcreHOBa, h to caMO no nepHcpepnjH pa3JiHBajyher pacTBopa, kojihko

je Kami najio; TaKO Hacraje npBH THn xpoMaTorpaMa. Obo yimyje Ha cnenH^HqaH

MexaHH3aM npeHoca eHepraje, o^hocho Mace, ihto cmo H3HCJIH y Buzry XHnoTe3e.
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*10JIH-E h KOHMAP--ByPPBEBH'E

Ako je fly6HHa cjioja AOBOJbHa, Beha o/r Scr, Maca ce npeHOCH no .mry penaiM

KOHi^eHTpiwimM npcTCHOBHMa, ryje HHTeH3HBHa npcTeHacra o6ojeH>a noBpiiiHHe

03HaHaBajy ROJhe Hacr&'iHX Tanaca; to je apyrH ran xpoMaTorpaMa. CTpo6ocKon-

ckom MeTOfloiw 3a oaper)HBaH>e TaJiacHe /ry>KHHe nporpecHBHHX Tajiaca8, ycraHOBHjm

cmo fla cy HfleHTH^iHH. CTora 6h no HauieM MHuubeay, 3a HcnHTKBaH>e Karm-

jiapHHx Tanaca, HacranHX Ha npwwep KanJbaibeM Ha TaHKe cjiojeBe TenHOcm,

crpo6ocKoncKa MeTO^a Moma 6kth 3aMeH»eHa je;rHOCTaBHHjoM aACopnunoHOM

MeTOflOM. OHa 6h HMajia npczmocT uito aaje TpajaH noaaTaK Tj. ,,aiHKy" Tajiaca

Ha xpoiviaTorpaMy, y kohkpcthom arynajy h Ka^a cy TaJiacn nporpecHBHH.

^oGhbchh aAcopnnHOHH xpoMaTorpaivw HMajy oSjthk KOHneHTpHiHHx lunpnx

npcreHOBa ca neHrpoM Ha Mecry r^e na^ajy Karat pacrBopa MennieHCKor njiaBor.

ITpH OBOMe Karat HMajy caMO yjiory no6yr)HBaiia Tajiaca; Maca c: npeHOCH H3 Taimor

cjioja pacrBopa iwenmeHCKor njiaBor jioKajmoM KOHBeKmijoiw.

3a^aTaK OBora pa^a je 6ho ^a fleTajbHHje npoyrat npeHoc Mace Ha aho cyaa

y cjiyyajy Ka^a ce flo6aja Apyrn ran xpowaTorpaMa Tj. Ka^a ce Karui>e Ha TaHKe

cjiojeBe TeiHOCTH.

PE3YJITATH MEPEIbA

Ochobhh eKcnepHMeHTajran ejieiweHTH OBora pa#a cy HfleHTmjHH ca e-ne-

MeHTHMa npHKa3aHHM y pairajeM pa/ry3. ,n,a 6h (ypeKBenroija KanJtaH>a 6HJia crajrHa

pacTBop MeTHJieHCKor njiaBor je Hcranao H3 KanajiHqe Koja je 4>yHKirHOHHcajia

Kao MapHOTOBa 6oqa. Ha Taj Ha^HH je Maca je,zme Kann oapwaBaHa KOHcraHTHOM

(0,043 g). Obo je 6hjio 3Ha*iajH0 3a orjie^e, noniTO cmo ycraHOBiunt aa h Maaa

npoMeHa yra^e Ha aflcopnratoHH xpoMaTorpaM. ITpoMeHa (^peKBeramje Kan-taita

y HHTepBajry ofl 0,5 Karou/s jxo 2 Karoi/s mije 3HaTHHje yTHuajia Ha npeHoc Mace5.

IlpH cppeKBeHirajH KanJbaH>a oa 1 Kan/s, CTa.iHoj bhchhh KanJba&a H — 5

cm h npH npoMeHJbHBHM aySHHaMa cioja h ^oShjih cmo xpoMaTorpaMe npnKa3aHe

Ha cjihuh 1.

 

b c

Cjihio 1 Figure

AflcopniHTOHH xpoMaTorpawH Hacrajm KanJbaiteM Ha cnojeBe pacrBopa

pa3^irqHTe fle6JbHHe, npH CTajmoj bhchhh Kan;i.an.a

Adsorption chromatograms formed by dripping on solution layers of various

thicknesses (h) at constant height of dripping (H).

H = 5 cm. a) h = 0,5 mm, b) h = 1 mm, c) h = 2 mm
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IlpH obhm Hcrpa>KHBaH>HMa y3HMaJW cmo Kao pacrojaifce H3Mer)y kohuch-

TpiWHHx npcreHOBa, cpefl&y BpeflHocr pacrojaifca H3Mer)y cpeaHHe npBor h

flpyror npcreHa; 3a npBH h flpyrH npcreH cmo ce onpeaejimiH nourro cy h>hxoh

xpoMaTorpaMH HajjacHMje fledpHimcaHH.

IlpH crajiHoj bhchhh H ca Koje cy na^ajie KanH, ycraHOBHJiH cmo jja je

3HaTaH yrauaj fle6jbHHe dpnjiMa tcihocth h, Ha npeHoc Mace h pacrBop Ha rho

cy/ia. C noBehaiteM ay6HHe pacrBopa h pacre pacrojaite H3Merjy npcreHOBa.

AflcopnipioHH xpoMaTorpaM je H#eHTH*iaH ca cjthkom Tarcaca Ha noBpuiHHH pac-

TBopa. PacrojaH>e H3Mef)y cpe^HHe ,iiBa cyce^Ha KOHUeHTpniHa npcreHa jeflHaKo

je TanacHoj ay>KHHH X Tanaca6. Obhm TepMHHOM h 03HaKOM X heMO ce aiy>KHTH

y aajteM TeKcry.

riocne nonoBHHe nepnoaa, Ha Mecry rfle je 6ho 6per, HaHJia3H flojba Tanaca

aim ca Man>oM aMrumTyaoM7. To ce bhah Ha cjihhh 1 Kao cjiaGnje o6ojeH koh-

i^eHTpH^HH npyr H3Mer)y jjBa hhtch3hbho oSojeHa. 36or Tora oHa ocTaBJBa craaSHjH

Tpar Ha aflcop6eHcy. Ha OBaj ce HaHHH floSHja „aiHKa" Tajiaca Ha xpoMaTorpaMy,

6e3 o63Hpa ihto je oh nporpecHBaH. Obo je rpacpHHKH npHKa3aH0 Ha cjihhh 4.

Ha flHjarpaMy, cjiHKa 2, npHKa3aHa je 3aBHCHOcr TanacHe ayHarae X op,

aySHHe aioja tcthocth h npn crajiHoj bhchhh H. OSpaflOM eKcnepHMeirraJiHHx

nogaTaKa, KopHCTehn MeTO/jy HajMaibHX KBaflpaTa, aoShjih cmo creneHy dpyHKHHjy

Koja npHKa3yje OBy 3aBHCH0cr.

X=aA» (1)

r«e BpeflHOCTH a n b 3aBHce ofl eKcnepHMeHTaJMHx ycrcoBa.

 

Cjihio 2 Figure

npoiweHa pacroja&a X H3Mer)y KOHueHTpirqHHX KpyroBa ca aySkHOM

Te^HocTH: 1) X = 4,1 h°'ts 3a H = 2 cm; 2) X = 6,2 A°-7« 3a H =

= 5 cm; 3) X = 7,9 »°-82 aa H = 10 cm.

The distance change X among concentric circles with the depth

of the liquid: 1) X = 4.1 A°-°8 for H = 2 cm; 2) X = 6.2 fi0-'« for

H = 5 cm; 3) X = 7.9 A0-82 for H = 10 cm.
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JXajhSL HciiHTHBaiba cy noKa3ajia na Ha cneicrap npeHoca Mace 3Ha-mo y-nnc

h BHCHHa H ca Koje nanajy Kaira. Ca nopacroM bhchhc Kaiubaaa, pacTojaH>e

X H3MeI)y Ko^eHTpHMHHX KpyroBa pacre, axo ce oapHOBa craaHa nySiiHa pa-

CTBopa h. Ha odium 3 npHKa3aHa je 3aBHCHocr TajiacHe ny>KHHe X op, bhchhc

H ca Koje na^ajy Harm, npH crajoioj ay6HHH cnoja h. OSpaaoM eKcnepHMeHTajiHHx

noflaiaKa ao6hjoi cmo creneiry (hyHKUHjy Koja noKa3yje Ty 3aBHCHocT:

X = m //» (2)

rae BpenHOCTH man 3aBHce oa eKcnepHMeHTajnwx yaiOBa.

 

Cnm<a 3 Figure

FIpoMeHa pacrojaiba H3Mer}y kohuchtphwhhx KpyroBa ca bhchbom

KaitiM&a: 1) X = 0,2//°-s» 3a h = 0,5 mm; 2) X = 0,25 H0-37 3a

h = 1 mm; 3) X = 0,38 H0-** 3a h = 1,5 mm.

The distance change among concentric circles with the he^ht of

dripping: 1) X = 0.2 //°-33 for h = 0.5 mm. 2) X = 0.25 H"> •»» for

h = 1 mm; 3) X = 0.38 //»•« for h = 1.5 mm.

ycraHOBHJrH cmo TaKotje na ce cneicrap npeHoca Mace Meaa ca AOflaraoM

noBpuiHHCKH aKTHBHHX cyncraHUH. Ca cMa&e&eM noepuiHHCKor nanoHa pacrBopa,

CMan>yje ce h X.

BpmehH HH3 oraena ycraHOBHUH cmo na ynmaj Tanacaiba Ha cneicrap npe

Hoca Mace H3 pacrBopa Ha oho cyna npecraje Kana Ay6«Ha pacrBopa nocraHe

pena BejuniHHe TajiacHe nynoiHe, 3a Hame eKcnepHMeHTajiHe yoiOBe itcnoa 1,5

cm. To 3Ha*m na je yranaj TaJiacHHX napaMerapa Ha npeHOC Mace Ha aho cyaa

caMO y HHTepBajry flefjjBHHe dpjuiMa tctoocth:

Xcr < h < 8 (3)

rne je 8Cr MaKCHMajma ne6jBHHa dpiuiMa pacrBopa npn Kojoj Hacraje npBH ran

xpoMaTor-paMa, Tj. npeHoca Mace.
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flHCKYCHJA PE3YJITATA

HHTeH3H(J)HKaimja npeHOca Mace npH KanJi>aH>y Ha cnoj pacrBopa H3Haa.

a#cop6eHca, cboah ce Ha nocTajaH>e Tanaca Ha noBpuiHHH h /nra, ihto booh cMa-

H>eH.y xHApayjQWKor a THMe h aHdpy3HOHor rparoriHor aioja. JJoSajeHe ancopn-

inioHe xpoinaTorpaMe noKyuiajm cmo crora o6jacHHTH KopHuiheH>eM Teopnje

Tajiaca Ha noBpuiHHH tchhocth4. HmbeHHHa na je HHTeH3H<J)HUHpaHH npeHOc

Mace Hcnofl flojbe Tajiaca Mo>Ke ce o6jacHHTH nonaTKOM aa je 6p3HHa KpeTaaa

Te^HOCTH Hcnofl flojbe Tajiaca e t). 2,718 nyTa Beha Hero hoioji 6pera Tajiaca.4

OTyaa noBehaibe dxiryKca npeHOca Mace jm Hcno/i npjBe Tanaca. Hjhxob nono>Kaj

je nepHOflHMHa dpymonija pacrojaH>a r or Mecra KaiuBaita naT je jenHaraHOM

(4) H npnKa3aH cjihkom 4, Kojy cmo ao6hjih MoaHdpHKOBaifceM jenHa*iHHe Tanaca:

/ = Jm cos 2tc/Xt (4)

rne je j — dpjryKC Mace, jm — MaKCHMainra cpjryKC Mace, X — pacToja&e H3Mer)y

HBa cycenHa KOHHeHrpHMHa Kpyra, oahocho TajiacHa ny>KHHa. Ha pacrojaifeHMa

r = n X nocraje J = jm> aKO je n u,eo 6poj. H MaKCHMajiHH dpjryKC Mace onana

ca KBaapaTOM pacTojan>a ojx, Mecra Kaiubauba, nouiTO eHepraja Tajiaca onaaa ca

KBaapaTOM pacrojaaa; to ce Monce h BH3yejmo yowra Ha npHJio>KeHHM xpoMa-

TorpaMHMa. YoieHO je aa ce Ha cpenHHH, H3Met)y hhtch3Hbho oSojemix Kapan-

TepHcraiHHX npcreHOBa, jaBJba hcuito oiaSnje o6ojeH npcreH, crowa 1. To

o6jaum>aBaMo »oiH.eHHiioM fla nocne nojiOBHHe nepHona ocuHJiOBaaa flejinha

pacrBopa, Ha Mecry r/je je 6ho 6per Tanaca, Hacraje nojba, ajiH caMO ca cMaiteHOM

aMrwHTyopM yoie/i aMopra30BaH>a nejraha tchhocth H3a3BaHHX na#aH>eM jeaHe

Karat. Obo je Ha cjihuh 4 npeflCTaBJteHo HcnpeKH^aHOM — HprayacTOM JMHHjoM.

 

*

Grama 4 Figure

YcTajiacaHa nonpiiiHua pacraopa 6oje ca HHTeH3H<J>mpipaHHM npe-

hocom Mace Hcnofl .noJta Tanaca.

The waved surface of the dye solution with intensified mass transfer

below the hollow of the wave.

IIoBehaH>e pacrojaaa H3Mer)y kohhchtphihhx KpyrOBa ca aySHHOM pacrBopa

Morcio 6h ce oSjacHwra UHH>eHHHOM aa ce nopacroM ay6HHe pacre h 6p3HHa Ta

jiaca c, na npeMa TOMe h TanacHe nyaatHe4.
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Ca noBehaiteM bhchhc Kambaita pacrojaibe H3Mer)y KOHneinpiMHHX KpyroBa

pacre, iiito je nocjieflirna Behe MexaHHHKe eHepraje Kojy HMa Kan. 36or Tora

cmo Macy KanH tokom orJie^a Mopajm flpwara KOHcraHTHOM.

yranaj noBpuiHHCKor HanoHa Ha cneKTap npeHeie Mace Morao 6h ce 06-

jacHHTH witeHinioM fla je concrBeHa (ppeKBeHirnja ocuHJioBama aejiHha TeqHOcra

v nponopirHOHajma noBpniHHCKOM HanoHy TeyHOCTH8.

riapaiweTpH Tajiaca ynray Ha npeHOC Mace no flHy caiwo ,110 flySHHe h x X.

Ha to) aySHHH 6p3HHa ffpjmha je Beh oko 540 nyia Man>a Hero Ha noBpniHHH,

na je Jiora^HO oveKHBara aa Ha Toj jrySHHH TanacHH napaMeipH Hehe yTHuaTii

Ha npeHoc Mace7.

3AKJBy^AK

1 . y 3aBHCHOCTH ofl fle6^>HHe cjioja Tetmocrn H3Hafl ana, Hacrajy flBa Tuna xpo-

MaTorpaMa Kojn oapa>KaBajy ana rana MexaHH3Ma npeHOca eHepraje Kpo3 Temry

cpa3y a ca H>HMa h flBa nma npeHoca Mace. Ako je fle6jBHHa cjioja TcmocrH Man>a

oa TajiacHe pyname Taitaca no noBpuiHHH, aooiijajy ce no 31ry xpoMaTorpaMH

Ha KojHMa ce jacHO oupanoBajy Mecra gojba HacrajiHX Tajiaca.

2. AflcopmrHOHH xpoMaTorpaM, npn KanJBaity Ha Tam<e cuojeBe TeiHOcm je

HfleHTCwaH ca „cjihkom" Tajiaca Ha aeHoj noBpuiHHH. y tom cnyyajy npn crajmoj

bhchhh Kanan>a, pacroja&e Tj. TanacHa ;ry>KHHa X H3Mer)y KOHneHTpipiHHX 30Ha,

pacne ca ;ry6HHOM, je;jHaiHHa (1). IlpH CTajmoj ^ySHHH Tamcora cuoja, pacroja&e

H3Met)y KOHneHTpiWHHX KpyroBa pacre TaKorje ca bhchhom Kanaita, jeflHaTHHa

(2). ITojio>Kaj MaKCHMajfflor 4)jryKca Mace je nepnoflHiHa (})yHKnHja pacrojaH»a

oa Mecra Kanjiaaa, jeAHa'niHa (4).

3. HaBe/ieHH (peHOMeH npeHoca Mace Ha uny Bamu y HHTepBajry ppftibKua cuoja

Temiocra :

X > h > Scr

ryie je 8cr KpHTHMHa, Kpajn>a aeoJbHHa 4>HJiMa TeyHOcra Kpo3 KojH ce eHepraja

npeHocH eHepreTCKHM HMuyjiCHMa a uito /raje npBH ran aflcopnnHOHHX xpoMa-ro-

rpaMa, oahocho npeHoca Mace; obo je npHKa3aHO y npeTxo/iHOM paay3.
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SUMMARY

MASS TRANSFER TO THE BOTTOM OF A VESSEL BY DRIPPING ON THIN

LAYERS OF LIQUID

AHMO Z. COLIC and SLOBODAN K. KONCAR-DURDEVIC*

Gimnazija, YU-75000 Tuzla, and *Faculty of Technology and Metallurgy, University of Belgrade,

P.O.Box 494, YU-11001 Belgrade, Yugoslavia

By using the dynamic adsorption, method, the mass transfer was examined on the bottom

of a vessel covered by silica gel, when a solution of methylene blue dripped on thin layers of the

solution of this dye. The adsorption chromatograms were obtained in the form of concentric

rings with centers on the place of drop falling (Fig. 1). They correspond to the circular waves

formed on the surface, where the intensively coloured rings mark the hollows of the waves. The

obtained adsorption chromatograms were analysed in order to determine the wave lenghts (X)

in dependence of the thickness of the solution layer (A) and the height of dripping (//)• Empirical

analytical expressions for these dependences were derived as well as the limiting conditions of

mass transfer under the influence of the waving surface.

Both in a preceding paper3 and presently, the existence of two types of chromatograms,

which are formed by dripping on solutions in thin layers, are revealed. In the limiting case of

dripping on a „dry" flat film of silica gel, the concentric rings of intensified colouring are formed

on the circumference of the spreading solution only. In this case the number of rings equals the

number of fallen drops. In our opinion, the energy is here being transferred by energy impulses

through the very thin film, whose thickness does not exceed a critical value, Scr. In another type

of chromatograms, when the energy and mass are being transferred by waves, the rings are sparser

and their number does not depend on the number of drops. In order to fulfil this condition, the

layer thickness h should be between the values of Scr and X.

(Received 27 May 1982)
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nPOrH03A CACTABA H OCOBHHA MATEPHJAJIA

METOflOM MATEMATH^KE CTATHCTHKE

JLYBHHKO M. jrpATH'B.EBH'B. h BPAHHCJIAB M. >KHBAHOBHTi*
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cuiuuiym 3a ucuumueane Maiuepujajia CP. Cp6uje, 11000 Eeoipad

(ITpHMJbeHo 12. Maja 1982)

FIpnKa3aH je nocrynaK kojh ce oahoch Ha oueuy xeMHjcKHX h 4>h3itiko-

-xeMHjCKHX KapaKTepHcrHKa KBajnrreTa ejieKTpo4>HjrrepcKor nenena H3 TE „Ko-

Jiy6apa". JeTajbHO cy pa3MOTpeHe npoiweHe y KBajurreTy ejieKTpo<i>njiTepcKor

nenejia Koje Hacrajy y (pyHKiDjjH BpeiweHa. Ha ocHOBy pe3yjrraTa ncnnTHBatt>a,

Koja cy BpmeHa y BpeMeHCKOM nepiiOAy ofl iuecr MeceuH h KopmiriieH>eM MCTOfla

MaTeMamwe CTaracTHKe, H3BpmeHa je nporH03a xcmmjckhx h (pjramiKo-xeMHjcKHx

KapaKTepHCTHKa KBajiHTeTa oBor MaTepnjajia.

3a oHeiry KBajnfraTHBHHX KapaKTepHCTHKa ejieicrpoepHJiTepcKor nenena

nocTojn BejmKH 6poj cKynoBa koji Kojnx Hac Hirrepecyje H>HXOBa HyjuepnuKa

BpeflHOcr hjih HH3 HyMepHWHX BeJUMHHa pacnopetjeinix y BpeMeny. XeMnjcKH

cacraB, MoayjiapHe KapaKrepHCTHKe, canp>Kaj uiTernHX KOMnoHeHTH, rpairyjio-

MeTpHjcKH cacraB h jxp. cy BejiHHHHe Koje cy y BpeMeny pacnoperjeHH hh3obh

KOHTMHyajrHH hjih flHCKpeTHH npocTH hjih cjio>KeHH. CBe OBe BapnjaGjie cy xo-

MoreHe y BpeMeiry h Hajia3e ce y cTaTHcraHKoj paBHOTenot, na npeMa TOMe npejj,-

cTaBJbajy jeairy cpyHKnHjy hjih cKyn BpeMeHCKHx (pyHKUHja ca rawo onpeljeHOM

pacnoflejioM BepoBaraoha. y cyniTHHH ce HHuiTa He MeH>a h koji cjiokchhx hh-

30Ba, KOfl Kojnx yMecTO je/rHe HMaAio BHine BejnrwHa Koje Bapnpajy HdOBpe-

MeHO, Kao uito je to cjryiaj koji ejieKTpo<pHJrrepcKor neneaa.

yTBFBHBAH>E yjEJTHAHEHOCTH KBAJIHTETA

EJIEKTPOOHJITEPCKOr nEIlEJIA

Mana awiJiHTyna y KOJie6aH>y nojeJXHHHX KapaKTepHCTHKa KBajiHTeTa eJieK-

TpocpHJrrepcKor nenejia, Bpjio je Banoia 3a noTpomane, jep flnpeKrao ynwe

Ha KBajiHTeT ohhx npoH3Boj^a Kojn KopHcre OBaj MaTepnjaji y npouecy npoH.3-

BOflftC

JIa 6h ce jj,o6HJia uito peajmnja cjiHKa o yje/j,Ha*ieHOCTH KBajiHTeTa h o npo-

MeHaMa KBajiHTera y (JjyHKirHjH BpeiweHa, BpuieHa cy oncenaia HcnHTHBaH>a xe-

MHjcKor, rpaHyjioMerpHjcKor h MHHepajiouiKor cacraBa ejieKrpo(pHJrrepcKor

nenena H3 TE „Kojry6apa". y"TBpr)HBaH>e KBajiHTeTa BpuieHO je y BpeMeHCKOM

nepnofly oji mecT Meceirn, a y3opKOBaH>e nenejia cBannx 15 aaHa. Y3opnH cy

y3HMaHH H3 CBaKor KOTJia H onroBapajyhHx jio3aTopa. YKynHo je y3opK0BaH0

445
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90 y3opaKa. JXa 6h ce yrBpflHo creneH BapHpa&a ko« nojeflHHHX KapaKrepHCTHKa

KaajmTeTa h ycraHOBHJie eBeHTya^He npoiweHe y 4)H3Htn<o-xeMHjcKoM cacraBy

Koje Haorajy tokom BpeiweHa, H3BpmeH0 je Tecrapaifce pa3JiHKa BapajaHCH h

apHTiwent'iKHX cpeaHHa. y tom iiHJBy cpopMHpaHo je 12 cKynoBa: Ni(*i, si) Be-

jiHMHHe m flo M2 (X12, J12) BejiHMMHe «i2. CBaKH cKyn npeflcraBJbao je npoceK

rpyne y3opaKa yaerax y jeflHOM flaHy. TecrapaH.e pa3JiHKa BapnjaHCH H3BpnieHo

je F-TecroM, rfle je ofl pacnojio>KHBHx 12 BapHjaHCH (s2i, s\ s2i2) Tecrapaae

K3BpmeHO cai«o 3a ^Be (max, min).

yKOJiHKO ce TecrapaifaeM yTBp^H fla pa3JmKe koa OBe flBe BapnjaHce HHcy

3Ha^ajHe, 3HaHH ,na h ocrajie HHcy CHTHHdpHKaHTHe, jep ibHxoee BpeflHOCTH ne>Ke

yHyTap HHTepcajia (s2max> s2min)- Pa3JiHKe apHTMeraMKHX cpeflima rrpoiieH>eHe

cy TecrapaibeM xHnoTe3e o HenpoMeHJbHBOcm apHTiweTHTKHX cpe^HHa Ho (xi = X2)

Ha" ocHOBy f-Tecra. Pe3yjrraTH Tecrapaiba xejvwjcKor cacraBa npnKa3aHH cy y Ta-

6jihhh Sjihuh I a cpH3HTK0-xeMHjcKHX KapaKrepHCTHKa y Ta6jmuH II.

TABJIHUA I TABLE

TecTHpaite pasjuno BapnjaHCH h apHTMeniMKHx cpe^HHa 3a xcmhjckh cacraB

P — test and t — test of chemical composition

XejiwjcKH cacraB

Composition

BapHjaHce

Variances

F0 F{oc 0,01}

ApHTMenriKe cpcmffle

Arithmetical means

to t{a = 0,01}

ry6wraK M<apeH>eM 3,76

ignition loss

Si02 1,40

AI2O3 2,11

Fes03 4,73

CaO 4,15

MgO 4,37

SO3 2,76

K20 1,13

Na20 1,08

5,07 1,07

1,52

1,43

1,61

2,00

2,14

1,94

1,00

1,87

2,898

TABJIHUA II TABLE

TecrapaH>e paarmna BapHjaHcii h apHTMenrfKHx cpeAima 3a <pH3imKo-xe.\uijcKe KapaKTepHCTHKe

F — test and t — test of physico-chemical characteristics

KapaKTepHCTHKe

Characteristics

BapiijaHce

Variances

Fo F {a = 0,01 }

ApHTMenrtKe cpe,aHHe

Arithmetical means

t„ t {a = 0,01}

OcraTaK Ha CHTy

Remainder on the sieve

0,045 • 10-3 m 2,46

0,063 -10-3 m 2,18

0,090- 10-3 m 1,96

0,200- IO-3 m 5,00

riyupjiaHCKa

aKTHBHOCT, MPa

Puzzolanic

activity, MPa:

— caBiijaite, 3,76

flexure

— npHTHcan, 3,28

pressure

5,07

5,07

5,07

1,76

1,70

1,12

2,80

1,43

1,76

2,898

2,898

2,898
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Kao iiito ce H3 TaSjocua I h II bhah, paariHKe BapajaHCH h apHTMeraUKHX

cpe^HHa HHcy cHrHH(J)HKaHTHe npn a = 0,01 3a CBe KapaicrepHCTHKe KBaraTeTa

oCyxBahene TecmpaaeM, jep cy pavyHCKe Bpe/pjocra F h r-Tecra iwaH>e op Ta-

fUUStHHX.

Obo ynyhyje Ha 3aK i>yqaK fla ce cacraB eJieKipwpHJrrepcKor nenena H3

TE „Kojiy6apa" He Meita y dpyHramjH BpeMeHa. KopHcrehH OBy oco6HHy op

pacnono>KHBHX pe3yjrraTa HcmmiBaita (popiWHpaH je hobh ocyn KOMnoHOBaH

op cbhx pe3yjrraTa, pa^H Oflper)HBaH>a ocrajrnx CTaTHcnwKHx napaMerapa Heon-

xoahhx 3a KOMHJierHy orjeHy.

Op CTaTHcnwKHX napaMeiapa oflperjeHH cy: ancojiynni pacnoH (R), apHT-

MenraKa cpeflHHa (3c), craHflapflHa AeBHjauHja (5), Koe(pHHHjeHaT yjeflHaqeHOCTH

(Ka), a TaKof)e je H3Bpmeno BpeflHOBa&e nocTHTHyTor HopjuaTHBa o;jperjHBaH>eM

x$% h X9s% . Pe3yjrraTH cy npHKa3ami y Ta6jumaMa III h IV.

TABJIHUA III TABLE

GraTHcnpiKH napaMerpH 3a xeiwHj'cKe KapaKTepHCTHKe

Statistical parameters for chemical characteristics

KapaicrepHCTHKe R * 1 *5 % *95%

Characteristics

Ty6. >KapeH>eM, 0,23 2,68 0,38 0,58 2,05 3,31

Ignition loss

SiO» 6,18 55,71 1,39 0,94 53,42 58,00

AUOs 8,99 26,51 2,01 0,76 23,20 29,80

FeiOa 5,15 7,24 1,12 0,49 5,23 9,25

CaO 4,11 4,14 0,96 0,31 2,56 5,72

MgO 1,69 2,10 0,35 0,49 1,52 2,68

SOa 0,42 0,25 0,14 0,58 0,02 0,48

KsO 0,58 1,30 0,13 0,70 1,09 1,51

Na»0 0,27 0,28 0,08 0,76 0,15 0,41

TABJIHUA IV TABLE

C/raTHCTHMKH napaivieTpH 3a 4>n3HMKo-xcMHjcKe KapaKTepHCTHKe

Statistical parameters for physico-chemical characteristics

KapaKTepHCTHKe

Characteristics R IT s Kn *»%

OcraTaK Ha cirry, %

Remainder on the

sieve, %

0,045 • 10-* m

0,063 • 10-» m

0,090 • 10-3 m

0,200 • 10-3 m

riynojiaHCKa

aKTHBHOCT, MP>!

Puzzolanic

activity, MPa:

— caBHja&e

flexure

— npHTHcaK

erpssure

42,50 56,85 8,07 0,58 43,57 70,13

37,60 50,41 4,37 0,73 43,22 56,60

13,70 30,54 4,70 0,55 22,81 38,27

5,70 7,11 1,59 0,34 4,49 9,73

1,64 4,39 0,56 0,62 3,47 5,31

4,80 15,50 2,02 0,61 12,20 18,80
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AHAJIH3A CTABHJIHOCTH KBAJIHTETA EJIEKTPOOHJITEPCKOr nEnEJIA

ITocnynaK KojH ce oahoch Ha aHajiH3HpaH>e CTa6nnHOCTH npoH3BOAH>e

eaeKTpcK^HJrrepcKor nenena caorojao 6h ce y H3paiyHaBaH>y Hfleajrae Jlaimac-

-raycoBe KpHBe k ynoper)HBaH>a ca nocntrHyTOM 3a CHJiHKaTHH Mo/jyji nencia.

OpaHHaTe Jlaimac-TaycoBe KpHBe, Koje o^roBapajy MaTeMaTHMKO-craTHCTHHKHM

napaMeTpHMa oflpel)eHor y3opKa, H3pa*iyHaTe cy npeMa pejiaunjH:

^ n - i

«2t=— yif)

s

r«e je:

Qi — BeiHMHHa opflHHaTe Koja npeflcraBJba Hfleajmy (ppeKBemrHjy 3a nojeAHHe

BeJBiMHHe KBajiHTeTa, n — 6poj y3opaKa, i — umpHHa aMiuiHTyfle, a y(t) —

BpeflHocr opaHHaTe Koja npeflcraBJta cppeKBeHi^Hjy KBaJiHTera npn s = 1. Bpe-

flHOcr 3a y{t) H3paiyHaBa ce KopHuiheH>eM H3pa3a 3a craHflapflHy BapHja6jiy, na

ce 3a o;nx>Bapajyhe t owraBa BpeflHOCT 3a y{t).

Ha cjihuh 1 npHimaHa je KpHBa HopiwajiHe H CTBapHe pacnoaene 3a chjth-

KaraH MoayJi KOfl aHaJUi3HpaHor ejieKTpo<|)HJTrepcKor neneJia H3 TE ..KojrySapa" .

/ \

1
\

/

\

//
//

V"
S

' 0\.

1.51 1,51 1.63 1*9 1,75 1,81 1,87 Xi

CjiHKa 1 Figure

KpHBe HopiwauHe h CTBapHe pacno/tejie

3a cmiHKaTHH Mo/xyji. HopMamra

pacnoflejia, — CTBapHa pacno/j,ejia

Normal and actual distribution curves for

the silicate modulus. normal distri

bution, — actual distribution

riP0rH03HPAH>E KBAJIHTETA EJIEKTPO*HJITEPCKOr nEnEJIA y EynyREM

nEPnojjy

y BpeineHCKow nepnoay, KojH je KopniuheH y OBOMe pafly, TepMoejieicrpaHa

„Kojiy6apa" je y ejieKTpcxpHjTrepHMa H3flBojHJia 300 000 TOHa nenena. Kao uito

je HCTaKHyTO; OBaj MaTepHjan ce o^JiKKyje ao6poiw yjeflHaneHOiuhy, a ca;jp>Kaj

uiTeTHHx KOMnoHeHTH (ry6. H<ap., K2O, SO3, Na20) Hajia3e ce y rpaHimajyta

Koje cy TOJiepaHTHe. Mer)yTHM, Kofl hckhx y3opaKa, xeMHjcKOM aHaJTH30M, flo-

6HjeH je yBehaH car^pnoj ryBHTKa JKapeiteM, K2O H SO3. Obh KOHCTHTyeHTH

iwory HeraTHBHO yrauaTH Ha ynoTpe6Hy Bpe/jHOcr eJieKrpo4)HJTrepcKor neneJia,

ihto 3aBHCH op, o6jiacTH H>eroBe npHMeHe. TaKO Ha npHMep, aKO je ry6HTaK >Ka-

peiteM y nenejry Behn or 4,5%, to Mowe «a flOBeae £0 CMaiteHe npHMeHe ejieK-

Tpo(J)HJiTepcKor nenejia Kar^a ce oh KopwcTH Kao MHHepajiHH floaaTaK nopTJiaim-

-HeMenTHOM KJiHHKepy. TaKolje, noBehaH caflpnoj K2O (BehH oa 1,5%) h SO3

(Behn ofl 0,50%) AOBOfle p,o nopeMehaja y cHcrejwy 3a ne^eae nopTJiaHfl-ueitteHTHOr

KJiHHKepa y ciryqajy Ka^a ce ejieKTpo<i>HjTrepcKH neneo kophcth Kao jeflHa ofl
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chpobhhckhx KOMnoHeHTH npn npoH3Bon.H>H nopTJiaHfl-neivieHTHor KJiHHKepa. y

aHanH3HpaHOM nepnony cjieaehe kojihtohc ejieKrpocpHjn'epcKor nenejia HMajie

cy noBehaH cagpHoj obhx KOHCTHTyeHaia :

— ry6HTaK H<apeH>eM BehH og 4,50% (y3opijH y3opKOBaHH 8. II 1980 rofl.)

KOfl 2400 t ejieKTpocpmiTepcKor nenena,

— K2O BehH oa 1,50% (y3opim y3opKOBaHH 28. IX 1979 ron..) koa 2430 t ne-

nejia, h

— SO3 BehH on. 0,50% (y3opuH y3opKOBaHH 21. XII 1979 ron..) Ron. 2375 t

nenena.

H3BpuinheM0 nporH03HpaH>e, ca KojoM BepoBaTHohoiw 6h ce Morjio oie-

KHBa-ra na y kojihtohh eJieKTpcxpHjrrepcKor nenena, H3n.BojeHor y TOKy ronHHe

n.aHa (600 000 t) He 6yne BHiue on 5000 t, Kon Kora cy BpenHocrH obhx KapaK-

TepHCTHKa: ryGHTaK M<apeH.eM > 4,40%, K2O ^ 1,50% h SO2 ^ 0,50%.

y UHJBy peuiaBaH>a OBor npo6JieMa yBen.HMO cnenehe 03HaKe: p — Bepo-

BaTHoha nojaBe nenena ca yBehaHHM canpHrajeiw rygHTKa wapeaeM, K2O h SO3,

q — BepoBaraoha nojaBe eJieKrpocpHjrrepcKor nenena Kon. Kora je canpnoj ry-

6HTKa >KapeH>eM, K2O h SO3 MaH>H on nHMHTHpaHor, n — Komrama eneKTpo-

cpHJiTepcKor nenejia, t, Sm — npifca rpaHHna nojaBe ..niKapTa" h Srt2 — rop&a

rpaHHna nojaBe „uiKapTa".

Jl^aKJie, Tpa>KH ce: P {0<Z 6ooooo ^ 5000}, na je 3a rySnraK Hopeaein:

Sm-np <z< Sm-np] _R{0- 4860 <z< 5000-4860 )

V«f? ^ y/npq \ I 69,45 ~" "~ 69,45 J

2,02

=pj - 69,98 <Z< 2,02 J = -~^= J exp (-*/2) dx=

—69,98

= F (2,02) -F (- 69.98)=0,9788.

npHMeibyjyhH oBaj nocrynaK Ha K2O h SO3 noonjaMo: P {K2O} = 0,9236 h

p {SO3} = 0,9990.

IIpeMa TOiwe ca BepoBaraohoM on,:

— 0,9783 Him 97,83% mohcowo oyeKHBa™ na KonHHHHa nenena koa Kora je

ry6HTaK HopeaeM BehH oa 4,50% Hehe 6hth Beha on. 5000 TOHa 3a ronHHy

flaHa,

— 0,9236 huh 92,36% iwo>KeMO o*ieKHBaTH na KOJiHiHHa nenejia Kon. Kora je

canpwaj K2O BehH on 1,50% Hehe 6hth Beha on 5000 TOHa 3a ronHHy naHa, h

— 0,9990 hjih 99,90% mwkcmo oMeKHBara na K0jn«HHa nenena koa Kora je

SO3 BehH ofl 0,50% Hehe 6hth Beha 03 5000 TOHa 3a ronimy flaHa.

Ilopefl OBaKBor na^HHa nporH03HpaH>a no3a6aBHheMO ce h HHTepBajmoM

OneHOM OflHOCHO npOI"H030M XeMHj'CKHX H CpH3H*IKO-XeMHjCKHX KapaKTepHCTHKa

KBanHTeTa eJieicrpo(J)HJiTepcKor nenejia onpeljyjyhH 95% h 99% HnrepBan no-

Bepeaa 3a MaTeMaraMKO oHeKHBaae E(x).

y Ta&jmnaMa V h VI npHKa3aHe cy BpenHocm noCujeHe npopa*r/HOM

MaieMaTHHKor o^ieKHBaiba 3a KapaKrepHCTHKe KBanHteTa eneKTpo^HJrrepcKor
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nenena . IlpH obhm npopauyrotMa KopmnheHH cy craTOCTHMKH napaMCTpn H3

Ta6juma III h IV.

HHTepBan [qi, q2] je cny*rajaH HHTepBan, jep cy «y Kpaj&e Ta^me cny-

«iajHe npoMeiubHBe. Kao hito ce H3 TaSmara V h VI bhaH, MaTeManwKo oie-

KHBa&e AjoKHHe HHrepBana noBepe&a E (qz—q{) je y>Ke npH Maaein HHBoy

noBepe&a. C o63HpoM na je npn nporH03H cacraBa h oco6HHa eneKrpcKpHjrrep-

cKor nenejia KopHurheH Bejr kh 6poj y3opaKa, npoHjeHH cy penaTHBHO ycKH

HHTepBajm noBepeaa.

HHCKYCHJA PE3YJITATA

Once>KHa HcnHTHBa&a (pH3HHK0-xeMHjcKHX ocoGHHa ejieKTpoipHJrrepcKor

nenejia y BpeweHCKOM nepnony on. uiecr MecenH oMoryhHJiH cy HaM noy3n,aHo

Tecrapaifce paanHKe BapnjaHCH H apHTMeniMKHx cpentnia. Obh pe3yjrraTH cy

npnKa3aHH y TaSnHnajwa I H II. IlpH HHBoy noy3naHocTH on. a = 0,01 (pHSH^aco-

-xeMHjcKe KapaicrepHCTHKe eneKrpocpHnTepcKor nenejia Me&ajy ce y oncery KojH

HHje craTHCTHUKH 3HaMajaH.

CTaTHCTHMKH napaMeTpH y TaSmmaMa III h IV yKa3yjy na je yjenHaieHOCT

xeMHjcKor cacraBa h ocrajntx <pH3HMKO-xeivwjcKHX KapaKTepHcraKa Beoiwa ao6pa,

HaKO je npH npopavyny KoecpmrHjeHTa yjenHaieHOCTH. KopninheH bhcok hhbo

noy3flaHOcra 3aKJiy*n<a on, 0,997. TaKor)e ce H3 TaSnraje III Mo>Ke BHne-nt na

ce canpntaj mTerHHX KOiwnoHeHTH (SO3, K2O, Na20 H pp.) Hajia3H y rpaHHuaMa

Koje cy yrJiaBHOM TonepaHTHe.

Ako KBajrHTeT ejieHTpcxpHJiTepcKor nenena oueityjeMO npeKo rryuonaHCKe

aKTHBHOcra (TaGnHua IV) Tana ce kor 90% op, yKyrmo HcnHTaHe KomrqHHe

nenena (oko 300 000 t), oBa BpenHOcr Kpehe y oncery on 12,2—18,8 MPa, urro

je 3HaTHO H3Haa BpenHOcm Kojy nponncyje jyrocnoBeHCKH CTaHnapn B.C1.018

3a KJiacy 10.

O cTa6HJiHOCTH KBajTHTeTa ejieHTpcxpHJiTepcKor nenejia roaope h no^auH

o pacnoflejra BenHWHa ounHKaTHor inonyna (ornKa 1).

KopHcrehH pe3ynraTe xeivuijcKHX HcnHTHBaH>a nporH03HpanH cmo oco6«He

eJieKTpocpHJiTepcKor nenena h 3a HacrynajyhH nepiiofl. Ca BepoBaiHohoM BehoM

oa 0,92 MOKewo otjeKHBara fla KOJTHMHHa nenena koa Koje je rySHTaK >KapeH>eM

^ 4,50%, K2O > 1,50% h S03 > 0,50%, Hehe 6hth Beha op 5000 TOHa y TOKy

roaHHe psaa.

H3BpuieHa je HHTepBajrHa oneHa 3a inaTeiwaTHMKo oneKHBarfce koa cbhx

xeMHjcKHX h (pHSHMKo-xesmjcKHX KapaKTepHCTHKa KBairHTeTa eneicrpocpHJiTepcKor

nenena. IIoMohy obhx pe3yrrraTa TaSjnme V h VI MOMcexo, npn oaper)eHOM

HHBoy noy3flaHocTH nporH03HpaTH cacraB eJieKTpo^njrrepcKor nenena.
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TAEJIHUA V TABLE

HmepBanH noBepe&a 95 h 99% 3a^£(jc) — xeMHjcKe KapajcrepHCTHKe

The 95% and 99% confidence intervals for E(x) — chemical characteristics

HirrepBaji noBepeita 3a E(x)

Confidence interval for E(x)

KapairrepHCTHKe

Characteristics

95% 99% .

?i 9« 9i 9a

ry6jbeH>e xcapaeai, 2,68 2,76 2,58 2,78

Ignition loss

SiOi 55,42 56,00 55,33 56,09

Al»Os 26,10 26,92 25,96 27,06

Fe,Os 6,99 7,41 6,91 7,57

CaO 3,94 4,34 3,88 4,40 ; i

MgO 2,03 2,17 2,00 2,20

SOs 0,22 0,28 0,21 0,28

KaO 1,27 1,33 1,26 1,34

NasO 0,27 0,30 0,26 0,28

TAEJIHUA VI TABLE

HHTepBajm noBepeiba 95 h 99% 3a E(x) — d)H3HMK0-xeMHjcKe KapaKTepHCTHKe

The 95% and 99% confidence intervals for E(x) — physicochemical

characteristics

KapaKTepHCTHKe

Characteristics

91

95%

HHrepBaji noBepeH>a 3a E(x)

Confidence interval for E(x)

9*

99%

91 9*

OcraTaK Ha cmy, %

Remainder on the

sieve, %

0,045 10-»m

0,063 10-9 m

0,090 ■ 10-3 m

0,200 • lO"3 m

riyuoJiaHCKa

aKTHBHOCT, MPa:

Puzzolanic

activity, MPa:

— caBHjaite,

flexure

— npHTHcaK,

pressure

56,18

49,51

29,57

6,78

4,27

15,08

58,52

51,81

31,51

7,44

4,51

15,92

54,65

50,22

30,26

6,68

4,24

14,95

59,05

51,60

31,82

7,64

4,54

16,05
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3AKJbYHAK

ripnMCH>cnH nocrynaK npH oqeHH H nporno3npaif>y KBajmTaTHBHHX Kapan-

TcpHCTHKa encKTpo^HJrrepcKor nencna o*ioryhyje youaBaibe HajBaMomjux KapaK-

TcpHcmKa KBaaHTCTa 6mio Kojer MaTepuja/ia y OBOMe cjiynajy cieicrpcx^HJiTep-

cKor nenena. Pc3y-TraTH craTHcnriKe o6pa^e oMoryhyjy AoCHjaae noTnymtx

KH4>opManH ja o npoyqaBanoM ma-repHjajiy, Kao h nporH03HpaH>e aeroBKX KBajm-

T3THBHHX KapaKTepHCTHKa.

SUMMARY

FORECASTING OF COMPOSITIONS AND PROPERTIES OF MATERIALS BY

METHODS OF MATHEMATICAL STATISTICS

LJUBINKO DRAGICEVIC ud BRANISLAV 2IVANOVIC*

Centre of Multidisciplinary Studies, University of Belgrade, 11000 Belgrade, and *Institute for

Testing of Materials, 11000 Belgrade, Yugoslavia

A mathematical procedure is used for estimation of chemical and physico-chemical prop

erties of fly-ash from the thermoelectrical power station Kolubara, near Belgrade. These prop

erties were analysed as a function of time during 180 days. By statistical methods a prognosis

of fly-ash properties was made.

(Received 1 May 1982)

JIHTEPATyPA

1. B. XOtBaHOBJth, Jfc. AparHheBHh, Hsipadiba 9, (1977)

2. JB. JIpandieBHh, Textrnxa 6p. 5, (1978)

3. B. HCroaHOBHh, JB. JIparaheBiih, Ibid. 6p. 12, (1976)

4. C. HBKOBHh, „MaiueMaiuuHKa cuiaiuueutuxa" , „Oeconomica", Eeorpaa 1960, crp. SO—70

5. JB. JIpantheBHh, C. Mnjienih, TexmtKa, 6p. 7—8, (1980)

6. JB. JJparHheBHh, H. Pasnh, Ibid. 6p. 3, (1980)

7. JB. HparnhcBiih, E. JKjraaHOBHh, JB. Heunrh, / jytocAoeencKu cuMU03ujy.« o xepaMuuu, Eeo-

rpafl 1981 (Jmchuk Xeu. dpywiuea Eeoipad 46, C35 (1981))

S. JB. JIparmheBtrh, B. JKraaHOBHh, C. Mtuienih, Ibid., crp. C34.







Le Bulletin de la Societi chimique Belgrad est Vorgane de la Sociiti chimique de Serbie

et en mime temps le journal scientifique pour la chimie thiorique et appliquee des Univer-

sites de Belgrade, Novi Sad et Kragujevac et de Vlnstitut de Chimie, Technologie et

Mitallurgie, Belgrade

Le Bulletin de la Societi chimique Beograd publie des travaux relevant de la chimie

thiorique et appliquee en anglais, francais, allemand, russe et serbo-croate. Les auteurs sonts

pries de bien vouloir envoyer leurs manuscrits a l'adresse suivante: Prof. Slobodan V. Ribnikar,

Institut za fizifku hemiju, Prirodno-matematiiki fakultet, p. pr. 550, YU-11001, Belgrade, You-

goslavie.

L'abonnement annuel a la revue est 70,00 8 U.S. (ou equivalent) payable a .Jugosloven-

ska knjiga", B. p. 36, YU-11001 Belgrade, Yougoslavie.

The Bulletin de la Sociiti chimique Beograd publishes monthly articles from the

field of theoretical and applied chemistry in 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 8 70.00 (or equivalent) payable through .Jugoslo-

venska knjiga". P. O. Box 36, YU-11001 Belgrade, Yugoslavia.

rjiacHHK XeMHjcKor npymTaa Beorpaa nyo;iHKyeT okcmcchiho oraTbH H3 o6jiacrit

TeopenraecKOH h npHKJiaflHoft xhmhh Ha aHrjiHHCKOM, HcvieuKOM, pyccKOM, cepGcKO-xopBaTCKOM

h (ppatmycKo.M H3biKax. PyKonncH CTaTeft npocHM HanpaBJurrb no cneayiomeMy aapecy: ripo<p.

CioCoflaH B. PnoHHKap, HHcnrryT 3a cpH3HMKy xeMHjy, FIpHpoflHo-MaTeMaTHMKH (paKyjrrcT,

noil, hiithk 550, 11001 Benrpaa, FOrooiaBHH.

CTOHMocTb roflOHoft no/rriHCKH 70 aonjiapoB CI1IA (hjih b juoGoh flpyroii KOHBepTHpyeMoS

BajnoTe, no Kypcy). OnjiaTa ocymecrBJiflercH Mepes npeanpiiHTHe .JyrocnoBencKa KH>Hra"'

novr. hiuiik 36, 11001 Bejirpafl, lOrocjiaBHH.

Redacteur en chef: SLOBODAN V. RIBNIKAR

Faculte des Sciences, Universite de Belgrade, B. p. 550, YU-11001 Belgrade

Redacteur technique: STJEPAN P. RADIC

Consell de Redaction

V. CANIC. A. DESPIC, M. DRAGOJEVIC, M. MIHAILOVIC, P. PUTANOV

S. RADOSAVLJEVIC, S. RASAJSKI, S. RISTIC, D. STEFANOVlC. M. STEFANOVlC

D. SUNKO. P. TRPINAC, D. VITOROVIC et V. VUKANOVlC

Comite de Redaction

M. BOGOSAVLJEVIC, 2. CEKOVIC. M. CELAP, I. DRAGANIC, D. DRA2IC. B. DORDEVIC. S. DOR-

PEVIC, F. gaAl, s. koncar-durdevic, lj. lorenc, u. mioc, a. muk. m. muskatiroviC,

S. NIKETIC. V. REKALlC M. RISTIC. M. ROGULIC. A. STOJILJKOVIC, V. SCEPANOVIC.

M. TENC-POPOVIC. A. TOLIC V. VAJGAND, A. VALCIC tl J. VELICKOVIC



YU-ISSN 0017—0941

Glasnik Hem. druilva Beograd

Bull. Soc. chim. Beograd, Vol. 47, JVs. 8 (1982)

CAHP>KAJ

*T. Co.wMyn, II. Ta6aKosuh h B. Paiiuh: ctepoueHCKii cnojeBH. X. Tep.MonHHaMUKa

cyi<ueaiBHor eJicKTpon-xpaHCfpepa koa Hei<nx npeMourreHiix AmpepoueHiuiHiix

AepmtaTa 399

*M. Jb. MuxauAoeuh, JJ. MapuuKomh, H. Op6oeuh h C. KoHCiuaHuiuHoeuh: Greapaifce

lUih'jmwHirx eTapa H3 ojiecpHHCKHX ajiKoxojia. VIII. HiiK.uiaamija Herax He3a-

chIichiix ajiKoxojia OTBopeHor HH3a noMohy N-6poMcyKmmHMiiAa h «Jep^-6yTHJi-

-xinioOpo.MHTa 407

*C. Capuh h //. J. raji: KmieTHKa peaKiuije Cr(III) ca Ca(II)-EDTA KOMn.ieKcn.wa . . 417

*//. J. jKmpau h H. E. Eapuiyc: Tep.woMeTpnjcKa Tirrpauiija xajioremiAa y pacrony

xiupanicaHor KajiLmjyM-HirrpaTa 429

*C. Eauuh n )K. Byxoeuh: HcnimiBaifce AetpeiOTa y MHKpoKpHCTajiii.Ma 6apiijyM-Kap6o-

naTa MeTOAOM paAHoaKTiiHHiix HHAHKaTopa 433

A. 3. llo.iuh li C. K. Konnap-'Bypljeauh: Ilpenoc Mace Ha aho cyaa npw Kanjban>y Ha

TaHKe ciojeue TeTOocTH 437

.7j. M. ,'Ipa;uhceuh ii E. M. )KueaHoetth: riporH03a cacraBa h ocoGiiHa MaTepiijajia Me-

toaom MaTe.viaTiPiKe craTiiCTHKe 445

* Ha crpanoM je3HKy

CONTENTS

CORNELL

UNIVERSITY

MAR >0 ' 33

T. Solomun, I. Tabakovic and V. Rapic: Ferrocen : compUBftAfiYhermodp'namics

of successive electron transfer in some bridg( i ferrocenyl derivatives

Af. Lj. Milutilovii, D. Marinkovii, N. Orbovic and .S'. Koiisiantinovic:

cyclic ethers from olefinic alcohols. VIII.

urated alcohols with

i'he formation of

Cyclization of some open-chain unsat-

N-bromosuccinimide and rerr-butyl hypobromite . . .

.S'. Saric and /. J. Gal: Kinetics of the reaction of Cr(III) with Ca(II)-EDTA complexes

/. J. Zsigrai and D. B. Bartusz: Thcrmometric titration of halides in molten hydrated

calcium nitrate

S. Bacic and /?. Vukovii: Investigation of defects in the microcrystalline structure of

barium carbonate by the tracer method

*A. 7.. C.tlic and S. K. Koncir-DurJcvic: Miss transfer to the bottom of a vessel by drip

ping on thin layers of liquid

*/,/. Dragiievii and /}. Zivanovii: Forecasting of compositions and properties of materials

by methods of mathematical statistics

399

407

417

429

433

437

445

*In Serbo-Croatian

Il3,ianat: CpncKO xe.MiijcKO ApymTBO, KapnerHjeBa 4, Eeorpaa

IIlraMria: II1IIPO Cpoiija, Miije KonaMCBiiha 5, Beorpaa



GHDBAX 47 (9)453-530 (1982)

SEPSKO...
YU-ISSN 0017—0941

DOCUMENTA CHEMICA

rAACBHK

XEMHJCKOf

 

KHMTA 47 VOLUME CBECKA 9 NO

 

BEOrPA^

1982 PHYSICAL SCIENCl

MAR 3 0 1983

LIBRARY



Taochuk XeMujcKoz dpymtuea Eeoepad je zaocuao CpucKOi xeMujcxoz dpyutiusa

u jednoepeMeuo nayunu nacouuc 3a vueopujcxy u upuMeneny xeMujy yHueep3uuie-

ma y Eeoepady, HoeoM Cody u Kpazyjeeify u Hncuiuuiytua 3a xeMujy, uiexnoAO-

mjy u MemaAypmjy, Eeozpad. JJeo iupoiuKoea miuaMuaiha nacouuca uoKpusen je

doupuHOcoM Peuy6mtHKe lajcduutfe nayne Cptiuje u CaMoyupaene umuepecne 3a-

jednutfe 3a naynnu pad Bojeodwie

r/iacHHK XcMHjcicor Hpynrraa Eeorpan oGjaBJbyje MeceiHO opHTHHaJine HaywHe paflOBe

H3 o6jiacni TeopHjcKC h npHMCK>eHe xeMnje Ha emviecKOM, HetiawoM, pycKOM, cpncKoxpBaTCKOM

h (ppamiycKoM je3HKy. PyKoiuice y jibs npHMepKa cjiant Ha aapecy: iipcxp.Gno&oflaH PBfiHHKap,

HHcnrryT 3a <pH3iraKy xeMHjy, FIpHpoflHO-MaTeMaTiPiKH (paKyjrrcT, CTyAeirrcKH Tpr 16, 11000

Beorpaa.

Uena roflHHHbe npenmaTe Ha lacormc 3a <uiaHOBe jlpynrrBa h3hoch 150 a 3a cryfleHTe

100 ahh.; 3a ocrajie, Kao h npeay3eha h ycTaHOBC uena H3HOCH 800,00 ahh. YruiaTe ce Mory

H3BpuiHTH Ha jKHpo-paqyn 60803-678-5738, hjih y KaHue.iapiijii JIpyurrBa, KapnerajeBa 4/III,

BeorpaA.

ype«HHK: CJIOEOJIAH B. PHEHHKAP

npnpoAHO - MaTeiwaTHMKH (paKyjrreT, Eeorpaa

TexHH^KH ypeanHK: CTJEFIAH II. PA£HT\

CaBCT pe^aKUHje

R. BHTOPOBH-fi, B. BYKAHOBHTi. A. flECmTE, M. flPArOJEBH'B. M. MHXAHJIOBWB,

n. nYTAHOB, C. PAflOCABJLEBHTi, C. PAIIIAJCKH, C. PHCTUB, "B. CTE*AHOBITE. M. CTEtAHO-

BHU, a. CYHKO. n. TPI1HHAU h B. UAHWB

PeflUagmja

M. EOrOCABJLEBHH, B. BAjrAHJI, A. BAJIHH'E, J. BEJIHMKOBUE, <P. rAfl, H. JIPATAHITB, fl. flPA-

JKHH, B. -BOP-BEBWE, C. 'BOP'BEBHTl, C. KOHHAP-'ByP'BEBH-B> Jfa. JIOPEHU. Y. MHOM, A. MYK.

M.MynJKATHPOBHTi, C. HHKETH'E, B. PEKAJIH'E, M. PHCTHH, M. POryJIHTi, A. CTOJHJLKOBH'E,

M. TEHU-nOnOBH'B, A. TOnWE, M. -ERFIAn, )K. MEKOBH'B ■ B. DJ'BEriAHOBH'B

H3aaBai: Cpncno xeMnjcKo apyuiTBO, Kapiienijena 4/III, n. np. 462, 11001 Beorpafl



TJIACHHK XEMHJCKOr flPYIIITBA BEOrPAJI

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD

47 (9) 453—471 (1982)

GHDB-849 UDC 547.532:513.83

Review paper

REVUE — nPEr^Efl

TOPOLOGICAL PROPERTIES OF BENZENOID MOLECULES*

IVAN GUTMAN

Faculty of Science, University of Kragujevac, P.O. Box 60, YU-34001 Kragujevac, Yugoslavia

(Received 22 July 1982)

Introduction

Benzenoid systems

Kekule1 structures

Graph spectral properties

Topological resonance energy

Clar sextet formalism

Concluding remarks

Dedicated to Professor E. Clar on the occasion of his 80th birthday

INTRODUCTION

Benzenoid hydrocarbons form the most important and the best investigated

class of unsaturated conjugated compounds. The parent compound — benzene

— was discovered as early as in 1825 and in the meantime almost 500 hydrocarbons

containing condensed benzene rings have been obtained.

The difficulty to represent the structure of benzene by a single classical

structural formula opened the famous HBenzolproblem"1.2, which attracted the

attention of many theoreticians from the middle of the last century up to the newest

times. After the work of Huckel3 and Pauling4 it became evident that the structure

and the physical and chemical properties of benzene can be rationalized only by

using quantum mechanics.

Numerous quantum mechanical theories have been developed in order to

describe the properties of benzenoid hydrocarbons (as well as of other conjugated

Tt-erectron systems). Among them the so called topological** models play a special

* Part XVII of the series ..Topological Properties of Benzenoid systems". Part I — XVI

see refs. 63, 102, 95, 100, 101, 58, 88, 87, 103, 93, 91, 90, 59, 85, 92 and 62.

** ^The ambition of a topological model (or topological theory) is to find' reliable

methods for predicting the physical and chemical properties of molecules, using exclusively

the information contained in their structural formulas. The molecular properties which can be

(at least to some extent) described by topological models are called topological properties. For

further details the reader should consult the books5'6.

A rather convenient mathematical tool for topological considerations in chemistry is graph

theory7,8. In the present paper we shall systematically use a graph representation of conjugated

molecules. The molecular graphs of benzenoid hydrocarbons will be called benzenoid graphs.

453
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role6. Namely, these models, although having an extremely simplified physical

basis, are capable to reproduce all the essential features of the chemical and physical

behaviour of benzenoid hydrocarbons. Three topological theories are especially

worth mentioning: the Huckel molecular orbital (HMO) theory, resonance theory

(RT) and the Clar aromatic sextet (CAS) theory. A variety of additional attempts

to describe the properties of benzenoid hydrocarbons using topological consider

ation appeared in the recent chemical literature9-24. (The original formulation

of the CAS theory25 was not based on quantum mechanics. Later studies, however,

showed that also this theory has an acceptable quantum chemical justification26-28.)

The success of the topological theories of benzenoid hydrocarbons stimulated

the examination of various (algebraic, combinatorial etc.) properties of benzenoid

graphs. In the last thirty years a great number of results has been obtained in this

field. The aim of the present review is to collect the relevant results on benzenoid

graphs and to expose them in a systematic manner. We shall focus our attention

to only those properties of benzenoid systems which are generally valid and mathe

matically correct. The numerous empirical correlations and approximately valid

results will not be considered here.

We shall be interested in those mathematical statements which are charac

teristic for benzenoid systems only. Topological properties which hold for much

wider classes of conjugated molecules will not be discussed in this review. For

example, we shall not consider the pairing theorem, the uniform 7t-electron charge

distribution, the law of alternating polarity etc., since these apply to all alternant

conjugated systems (both benzenoid and non-benzenoid)6.29.

BENZENOID SYSTEMS

Benzenoid systems are obtained by arranging congruent regular hexagons

in the plane, so that two hexagons are either disjoint or possess a common edge.

c a t a peri

h=l
0

h=2
CO

h=3
ceo o9 &

h=4

ocoom? !

Fig. 1. Benzenoid systems containing one, two, three

and four hexagons

The hexagons must not overlap. On Fig. 1 are presented all possible benzenoid

systems composed of four hexagons or less.
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In the chemical and mathematical literature the names „polyhex"30-33,

„hexagonal animal"34-35, „hexanimal"34-35 and „hexagonal polyomino"39 were

proposed for what we shall describe as a „benzenoid system".

Benzenoid systems correspond in an obvious manner to benzenoid hydro

carbons. If a benzenoid system is interpreted as a graph, then we will speak about

benzenoid graphs.

A more precise definition of a benzenoid graph (benzenoid system) is the

following. Let Cb be a cycle on the hexagonal (i.e. graphite) lattice. Then the ver

tices and the edges which lie on Cb and in the interior of Cb form a benzenoid

graph B.

The cycle Cb is the perimeter of the benzenoid graph B.

On Fig. 2 is indicated a cycle on the hexagonal lattice. This cycle determines

the benzenoid system B\.

The present paper will be restricted to the above defined benzenoid systems.

Accordingly, the molecular graphs of the type A\ — A 5 will not be considered

here, although some authors are inclined to describe also these systems as benze

noid. For alternative definitions of benzenoid systems the reader is referred to

the papers37-40.

Let B be a benzenoid system. We shall use the following notation:

h =number of hexagons (six-membered rings) in B,

n =number of vertices of B,

m=number of edges of B.

For example, B\ has A=9, n=34 and m=42.

The vertices of B which lie on the perimeter are said to be external. The

other vertices (if any) are said to be internal. Let

ni=number of internal vertices of B.

 

Fig. 2. A cycle on the hexagonal lattice and the corre

sponding benzenoid system
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Depending on whether a benzenoid system possesses internal vertices or not we

say that it is peri-condensed («<>0) or cata-condensed («j=0).

For example, Bi has m=4, hence it is peri-condensed. Examples of cata-

and peri-condensed systems can be found on Fig. 1.

All vertices of a benzenoid graph are either of degree three or of degree

two. Let B has ni vertices of degree two and m vertices of degree three («2+«3=w).

Then3*

n=4h+2—m,

m=5/i+ 1 —m,

ti2=2h+4—rn,

n3= 2(/i-l).

In particular, the empirical formula of a benzenoid hydrocarbon is C4a+2-ji,H2a+4_»,.

Cata-condensed benzenoid hydrocarbons have the formula C4a+2H2»+4-

Harary and Harborth35 showed that benzenoid graphs exist whenever the

parameters n, m, h and n< are within the ranges:

2 h+\ + {y/\2 £-3} <n<4 /i+2,

3 h+{ \/l2 h-3} <m^5 h+\,

n- 1 + {(n- 2)/4} <m<2 w- {(«+ VM/2} ,

{(h-2)/4} 1 -{(«+ V61/2} ,

4{(«-2)/4}+2-«<m<<3 m+6-4{(m+ VM/2},

where {x} denotes the smallest integer being greater or equal to x. AH values of

the parameters n, m, h and m within the above ranges can occur in benzenoid

graphs. There exist benzenoid graphs with any number n of vertices, except for

«<6, n=7, 8, 9, 11, 12 and 15.

KEKULfi STRUCTURES

Kekuld structures play a distinguished role in the theory of benzenoid hydro

carbons. First of all, only benzenoid hydrocarbons for which at least one Kekul6

structural formula* ca be written are known te exist41. Secondly, according to

* Under a Kekute structure (or Kekule structural formula) we understand a structural

formula in which exactly one double bond terminates at every carbon atom. Hence according

to our definition conjugated hydrocarbon systems with odd number of (conjugated) carbon atoms

can not have Kekule structures.
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one of the basic assumptions of RT, the greater is the number of Kekule structures

of a conjugated system, the greater is its thermodynamical stability42. This assump

tion was found to be correct especially in the case of benzenoid hydrocarbons43-47.

Finally, Kekule structures are of importance also in other topological theories

of conjugated molecules, in particular in HMO and CAS theory, as it will be seen

later.

In the following we shall use the notation:

K or .K(B)=number of Kekule structures of the benzenoid system B.

A Kekule structure is a chemical notion which coincides with what in graph

theory is known under the name ..perfect matching" (or „one-factor" or ..linear

factor"). A perfect matching of a graph G is a selection of independent edges of

G which cover all its vertices. The edges must be independent, i.e. no two of them

can have joint vertices. It is obvious that perfect matchings can exist only if the

number of vertices, n, of the graph G is even. Then any perfect matching con

tains h/2 edges.

The three perfect matchings of the naphthalene graph are presented on

Fig. 3, together with the three corresponding Kekule structures. The full analogy

between the perfect matchings and the Kekule structures needs no further ex

planation.

00 00 CO

H H "V H H

1 1 I I I I I I K

H H H H H H

K = 3

Fig. 3. The three perfect matchings of

the naphthalene graph and the three

Kekul6 structures of naphthalene

There have been many attempts to find general and efficient methods for

the enumeration of Kekule structures in a benzenoid hydrocarbon32-48 -59. The

most general enumeration technique is based on the following three rules.

(a) If eIB is an edge of the graph G, connecting the vertices vt and vB, then

K(G)=K(G-eTS) +K(G-vt-v,).

(b) If in addition the vertex v has degree one, then K(G)=K(G—vt —vB.)

(c) If G is composed of two disconnected components Gj and Gz, then

K(G)=K(Gi)-K(G2).

On Fig. 4 is presented an example of the application of the rules (a)—(c),

namely the determination of the number of Kekule structures of benzo(a)pyrene.
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In this example we use the facts that naphthalene and benzene have K=3 and

K=2, respectively and that K=0 if the number of vertices is odd.

Herndon48'51 proposed a method for determining K based on the construc

tion of a HMO non-bonding molecular orbital for the radical obtained by deletion

of a carbon atom from the benzenoid hydrocarbon. Then the sum of the (unnor-

malized) MO coefficients around the deleted atom is equal to K. In the example

♦"(&0)*iB"i°K<S)

Fig. 4. Calculation of the number of

Kekule structures of benzo(a)pyrene

(a) this sum (4+3+2) is equal to the number of Kekule structures of benzo(a)-

pyrene. Example (b) shows, however, that Herndon's method may lead to false

conclusions. The sum 1 + 1 + 1 is equal only to a divisor of the number of Kekule

structures of benzo(a)pyrene. (In examples (a) and (b) only the non-zero coefficients

of the non-bonding molecular orbital are indicated.)

 

(a) (b)

A third general method for the enumeration of Kekule structures in ben

zenoid hydrocarbons is based on the equation (1), which will be discussed in the

subsequent section. Enumeiation techniques in which instead of the determinant

of the adjacency matrix one considers its permanent have been elaborated in refs

60 and 61.

For benzenoid systems the following identities hold58

K(B) K(B-Vl-vB) = K(B-vt-vt)2 + 2 K(fl-Z)2

z

and

K(B-en) • K(B-vT-V.) = 2 K(B-Z)*,

z
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where erB is an edge between the vertices vT and vs, and Z is a cycle of B; the right-

-hand side summations go over all cycles of B which contain the edge crg.

For several special types of benzenoid hydrocarbons general formulas for

K have been derived49.50.54-57-59. Some of them are collected in Fig. 5.

K = h.1

 

2a-i

 

66 X)i P:

b

K= (b«Da

h = ab.(b-U(a-1)

b

h = ab

 

L-0 L-1 L-2

j=0

h = (2L«l)a» 3L2«L

Fig. 5. Analytical formulas for the number of Kekule

structures of certain classes of benzenoid hydrocarbons

It has been shown59 that the number of Kekule1 structures of the system

B(X, Y) is always a linear function of the parameter a (the length of the linear

polyacene chain), irrespective of the nature of the terminal groups X and Y.

B(X.Y)

A general recursive algorithm for the calculation of K of cata-condensed

benzenoid systems was discovered by Gordon and Davison49. In the case of non-

-branched cata-condensed systems, their method has the following simple form:

One carries out a summation starting at one (say left) end of the molecule

and adding a certain number for each hexagon, until the last hexagon on the right

gives the total number of Kekule structures. At the left-hand end the numbers

start with 2,3, . . . , one unit being added for each hexagon. Once a kink has been

passed, the number added for each hexagon is no longer unity, but the number
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which immediately preceded the last kink passed. For example, £2 has 7 and B3

has 53 Kekule" structures.

For branched cata-condensed systems the method of Gordon and Davison

is slightly more complicated.

It can be easily verified that all cata-condensed benzenoid systems have

Kekule" structures. Moreover, the following bounds for K exist62:

In the case of peri-condcnscd systems the situation is fairly more complica

ted: Kekule" structures may exist, but need not. In spite ofmany attempts32 53 58-83'84,

satisfactory necessary and sufficient conditions for the existence of Kekule struc

tures in (peri-condensed) benzenoid systems are nowadays not known. This seems

to be one of the most difficult open problems in the topological theory of ben

zenoid systems.

Benzenoid graphs are bipartite: their vertices can be colored by two colors

(say black and white), so that vertices of the same color are never adjacent. Every

edge in a perfect matching connects therefore a black vertex with a white. Con

sequently, a necessary condition for the existence of perfect matchings is the equal

ity of the number of vertices of both color(«b=«w). Triangulene (B4) is an example

for a benzenoid graph with inequal number of black (« =12) and white (nw=10)

vertices. Therefore, K(B4)=0.

For every integer », there exist benzenoid graphs having83 nt,—nw=».

The condition Mb=«w was sometimes beleived to be sufficient for the existence

of Kekule" structures. This is, however, not the case since there exist benzenoid

graphs with equal number of vertices of both color, but without Kekule struc

tures83. Two smallest benzenoid graphs of this type are B5 and Be.

 

Hia^^'+i.

 

GRAPH SPECTRAL PROPERTIES

If G is a graph with vertices vi, V2,..., vn, then its adjacency matrix A is

defined by
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1 if the vertices vT and vs are adjacent,

0 otherwise.

Let X] be a number and C/=(Qi, Q2,..., Q„)T a vector. If the equation

A Cj=xj Cj holds, we say that Xf is an eigenvalue and Cj an eigenvector of the graph

G. The eigenvalues of G form the spectrum of this graph8. We will label the eigen

values so that xi^X2^'--

The relation between the spectrum of the molecular graph and HMO theory

is nowadays well known5 6-8-29 and provides the basis for the application of graph

(spectral) theory in the theory of conjugated Tt-electron systems. In the present

section we shall expose some spectral properties of benzenoid graphs.

The first result in this field seems to be the observation of Longuet-Higgins65

that a benzenoid hydrocarbon will have (at least one) non-bonding molecular orbital

if and only if K=0. This means that within the HMO model a benzenoid hydro

carbon will be predicted to have an open-shell electronic configuration only if

it has no Kekule structural formulas.

Dewar and Longuet-Higgins proved later a more general result, namely

that for all benzenoid graphs66,

Using well-known graph spectral results we can write eq. (1) also in the form

K=xiX2... xn/2, provided n is even. (If n is odd, then AT=det A=0). This means

that the product of the first «/2 HMO energy levels (in (3 units) is equal to the num

ber of Kekul6 structures of the corresponding molecule.

For example, naphthalene has the following five bonding HMO energy

levels: xi=2.30, *2=1.62, *3=1.30, *4=1 .00 and xs=0.62. Their product is

equal to 3, indeed.

Eq. (1) stimulated numerous further topological examinations. Its impor

tance was in exhibiting a mathematical connection between a HMO quantity

(A) and a RT quantity (K). This was the first indication that the relations between

HMO and RT (especially in the case of benzenoid hydrocarbons) are much closer

than one expected initially67.

Eq. (1) provides an algebraic method for the computation of K and gives

also an algebraic criterion for the existence of Kekule structures. In particular,

K=0 if and only if the benzenoid molecule has non-bonding Hiickel molecular

orbitals, or if and only if the number zero is in the spectrum of the corresponding

benzenoid graph.

Ruedenberg68-69 defined in 1954 a new variant of bond order, namely

where Qr, C), and xj are graph spectral quantities as defined above. This (molec

ular orbital) bond order was shown to be related to the Pauling (resonance theo

retical) bond order, namely69.70

det A =(-!)»* Kz.
(1)

p£=2 2 Qr Culx,,

Pl=K{B-vT-vs)jK{B).
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Ham71 showed that the relation P*=P?S, i.e.

2 J Qr Cj8/xJ=K(5-^r-z;8)/K(B)

is valid for all benzenoid systems B (provided, of course, that K(B)^0). Another

formulation of this result was later given by Ruedenberg72. Samuel 73a and

Heilbronner73" found an even more general result, namely they showed that for vr

and vs being adjacent vertices of B,

(A-i)n=K(B-vt-ve)IK(B). (2)

If vT and va are not adjacent, then violations of eq. (2) may occur40.

The relations between the coefficients of the non-bonding MO and the

number of Kekule structures of a benzenoid system have already been discussed.

For more details on this topic see 40 51.

Linear polyacenes Lb are the only class of benzenoid graphs

0GX--OG)

Lh

for which an analytical expression for the spectrum is known74, viz.,

{±(^9+8 cos_iZL±l)/2|;==l,2,..., A}U{+1, -1} (3)

Relatively little is known about other spectral properties of benzenoid graphs.

TOPOLOGICAL RESONANCE ENERGY

Topological resonance energy (TRE) is an algebraic reformulation of Dewar's

resonance energy concept and was proposed few years ago as a theoretical measure

of the aromaticity of conjugated compounds75.76. Its definition is the following.

Let

<D(G, x)=det(xI-A)

be the characteristic polynomial of the molecular graph G. The zeros of <I>(G, x)

are the graph eigenvalues. They have been already denoted by xi, X2,..., xn (xj^xt

for i<;). Let

a(G, *) =£(-0* P(G, k)xn-w

be the matching polynomial77-80 of the graph G, where N=n/2 if n is even, and

N=(n— 1)/2 if n is odd. The coefficient p(G, k) of the matching polynomial is

just the number of &-matchings in the graph G and in addition, p(G, 0) = 1 . The

The zeros of <x(G, x) are real8182 and will be denoted by xi, xt,..., xn- We will

label them so that x?<x? for i<j.
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The HMO total Tt-electron energy (in (3 units) is given by

£= 2 « **
i-l

with gj being the occupation number of the >'th MO83. Then the reference energy

in the TRE model is defined as

/-I

and hence

TRE=E-E*= fa, fo-xf).

In the case of alternant hydrocarbons, the characteristic polynomial can be written

in the form

<t> (G, *)= 2 (- 1)* *) X-"2* (4)

A-0

with q(G, k) being non-negative numbers and q(G, 0)=1. TRE conforms then

to the integral formula78'84

00

TRE=— j log F(x) dx

— 00

with

F(;cw *"+ ') ^""2+g(Q» 2) *n~~4+ • • • + AO *»-2iV (5)

x»+/>(G, 1) x*~*+p(G, 2) x»-4+ • ■ • + p(G, N) *■-«» "

Note that in the general case,

$(G, 1) =/>(G, l)=w. (6)

Whereas eqs. (4)—(6) hold for both benzenoid and non-benzenoid alternant

hydrocarbons, the following results are characteristics to benzenoid systems84-85.

Let B denote an arbitrary benzenoid graph.

(a) q(B, 2)=p{B, 2).

(b) q(B, 3)=p(B, 3)+2A.

(c) q{B, 4)=p(B, 4)+2 A«+2 A(n- 15)+2 n+4.

(d) If n is even, then q{B, N)=K2 and p(B, N)=K.
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(e) If n is cdd, then

q(B, ATK 2 K{B-vr)2 and p{B, N)= 2 K(B-vr).

r- 1 r- 1

Equality in the left-hand relation holds if and only if B is cata-condensed.

(f) q(B, *)=0 if and only if p(B, k)=0.

(g) q(B, k)^p(B, k) for all values of k.

The relations (a)—(g) have important consequences on the behaviour of

the function F(x), eq. (5):

(h) F(x)>\ for all real values of x;

(i) F(0)=K;

(j) F(x)~1+2/j x-6 for large values of x.

From (h) follows that the topological resonance energy of every benzenoid hydro

carbon is necessarily positive. From (i) and (j) follows that the TRE of benzenoid

systems is mainly determined by only two topological parameters — the number

of Kekule structures and the number of hexagons. Semiempirical topological

formulas, depending on K and h only, have been elaborated for the calculation

of TRE and related quantities86-88.

The matching polynomial of linear polyacenes, La, conforms to the re

currence relation89

a(LA)=(*4_5*2+ 3) a(LA_i)-(*4-3x2+ 3) a(LA_2)+a(LA_3), (7)

which combined with the result (3) enabled the calculation of TRE of linear poly

acenes90. In particular, it was shown that

lim ^^=0.019.

a-.» n

The recurrence relation (7) holds for a much wider class of benzenoid systems,

namely that of the form B(X,Y)n.

Further regularities which hold for the topological resonance energy of

benzenoid hydrocarbons are reported in ref. 92.

CLAR SEXTET FORMALISM

In this section we shall consider the formal aspects of Clar's theory of the

aromatic sextet25 and expose a number of relevant results. The chemical inter

pretation and/or physical justification of CAS theory is out of the scope of this

review. The reader interested in such questions should consult the papers26-28.

According to the CAS theory, a benzenoid hydrocarbon is represented by

a „Clar formula" which is obtained by drawing circles in some of the hexagons
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of the corresponding benzenoid graph. These circles represent the so called „aro-

matic sextets". The rules for constructing Clar formulas are the following.

(a) It is not allowed to draw circles in adjacent hexagons.

(b) Circles can be drawn in hexagons if the rest of the conjugated system has

at least one Kekule structure.

(c) A Clar formula contains the maximal number of circles, which can be drawn

in accordance with rules (a) and (b).

Formulas defined by rules (a)—(c) will be called proper Clar formulas.

For example, I and II are (correct) proper Clar formulas of benzoanthracene

(B2). The formulas III and IV are incorrect because of the violation of rule (a)

and (b), respectively.

We shall denote by S=S(B) the number of circles in a proper Clar formula

of the benzenoid system B. Hence, S(i?2)=2.

Hosoya and Yamaguchi30 were first to define Clar type formulas with less

than S circles, which are constructed by taking into account rules (a) and (b), but

not the requirement (c). We shall call them generalized Clar formulas or, simply,

Clar formulas. For example, the seven generalized Clar formulas of Bz are pre

sented on Fig. 6. (By definition, a proper Clar formula is also a generalized Clar

formula. It is convenient to include in the consideration th: „empty" Clar formula,

i.e. the formula without a single circle). For reasons which will become clear later,

the seven Kekul6 structures of Bz are also presented on Fig. 6.

 

 

Fig. 6. Clar formulas (cO and Kekule structures

of benzoanthracene. The one-to-one correspondence

between ci and kt, i = l, . . ., 7 is explained in the text.
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Let us define the resonant sextet number as

s(B, k)= number of generalized Clar formulas of the benzenoid system

B in which k circles have been drawn.

For example, s(B2, 0) = 1, s(B2, 1)=4, s(B2, 2) =2 and s(B2, k)=0 for k being

greater than two. We see that S(B) is the greatest value of k for which s(B, k)

is non-zero. Besides, s(B, S) is the number of proper Clar formulas of B.

s(B, 1) coincides in many cases with the number of hexagons, h. However,

in the general case s(B, l)^h.

For example, s(Bt, 1)=4 whereas h(B^—5. This occurs because it is not

possible to draw a circle in the central hexagon of B7 ; in other words the formula

V violates rule (b).

 

It is not true93 that s(B, k) is the number of selections of k independent

hexagons in B, as it was erroneously stated in ref. 94.

The sextet polynomial of B is defined as30

a(B)=a{Bt x)= f s(B, k) **.

Hosoya and Yamaguchi30 observed two important relations for the sextet poly

nomial, namely

«J(B)l)=2i(fl,*)=X(B) (8)

A-0

and

a' (B, 1) = f k s (B, k)= £ K {B-Hi), (9)

where Hi , H2 , . . . , Hh denote the hexagons ofB and B—Hi is the subgraph obtained

by deletion of the j-th hexagon from B. It is worth noting that the right-hand

summation in eq. (9) is equal to the number of sextet type resonant interactions,

an important quantity in the RT formalism of Herndon and Ellzey45.

Eq. (8) has been rigorously proved for cata-condensed benzenoid systems96.

A proof of (9) was obtained quite recently96.

For peri-condensed benzenoid hydrocarbons neither (8) nor (9) are generally

valid. In order to extend the applicability of formula (8), Hosoya and Yamaguchi30

introduced the concept of „super ring". However, in spite of certain attempts97,



TOPOLOGICAL PROPERTIES OF BENZENOID MOLECULES 467

a precise definition of super ring is still missing. This seems to be one of the most

significant open problems in the topological theory of benzenoid systems.

Eq. (8) provides an interesting and fundamental relation between CAS

and resonance theory. In fact, a one-to-one correspondence exists between Kekule

structures and (generalized) Clar formulas. Such a correspondence is presented

in Fig. 6. One should observe that a is obtained from In, »=1,...,7 if three double

bonds having the configuration VI are represented by a circle and all other con

figurations of double bonds (e.g. VII) are neglected. Such a mapping applies for

all cata-condensed benzenoid systems, but fails in the case of peri-condensed

systems, as a consequence of the unsolved „super ring" problem.

o-o o-o

a a

Another relation between the CAS theory and resonance theory was observed

by Aihara28. He collected a number of examples showing that if the benzenoid

system has a unique proper Clar formula, then the number of sextet type resonant

interactions45 (a RT quantity) is proportional to the number of circles in the proper

Clar foimula (a CAS quantity). Having in mind eqs. (8) and (9), Aihara's finding

can be written as

2 -a' (B, ]) = S (B) ■ a (B, 1) if s(fl, S(5))= l. (10)

Relation (10) shows that (at least) in the case when the Clar formula is unique,

the CAS theory leads to the same quantitative predictions as RT. Although (10)

is strictly true only for a limited number of benzenoid systems, one can demon

strate its approximate validity for all benzenoid systems (for which, of course,

s(B, 5)= 1)»8.

Aihara" proposed a new resonance energy concept based on the sextet poly

nomial and its zeros. Some properties of this resonance energy have been deter

mined100-101. The main difficulty in Aihara's theory comes from the fact that for

many benzenoid systems, both cata- and peri-condensed, the zeros of a(B) are

not real numbers.

There is, however, an important class of benzenoid systems, for which all

zeros of the sextet polynomial are real. The following result has been proved102.

If B is a non-branched cata-condensed benzenoid system (with h hexagons),

then an acyclic graph T (with h+\ vertices) can be constructed, such that for

all A=0,l,2,...,

s{B, k)=p{T, k). (11)

(For the definition of the numbers p(T, k) see77-80'102 and the section ..Topological

Resonance Energy" of this review). The construction of the graph T was described

in102. Since the matching polynomial has real zeros, the zeros of a(B) are real

whenever eq. (11) holds.
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T{B%) is the T-graph which corresponds to benzoanthracene, B%.

T(B2) C(B2)

Eq. (11) was recently generalized103 by demonstrating that for every ben-

zenoid system B (with h hexagons) a graph C (with h vertices) can be constructed,

such that for all values of ft, except ft = l,

s(B, ft)=r(C, ft),

where r(C, ft) denotes the number of ways in which ft independent vertices are

selected in the graph C.

C was named the Clar graph of the benzenoid system B ; it represents those

combinatorial properties of B which are essential in the CAS theory. For example,

C{Bi) is the Clar graph of benzoanthracene, B2 . The reader familiar with graph

theory will observe that C(Bz) is the line graph of T(Bz). In ref. 103 a simple graph-

-theoretical procedure is described for the calculation of r(C, ft).

The formalism of the CAS theory has been recently extended to arbitrary

alternant conjugated systems96-104.

CONCLUDING REMARKS

The knowledge of the topological properties of benzenoid molecules is im

portant for the complete understanding of their physical and chemical behaviour.

Several chemical theories of benzenoid molecules, and in particular resonance,

Huckel and Clar theory, have a topological background. Numerous mathematical

relations between the basic notions of these theories show that they are intimately

related.

The study of the topological properties of benzenoid molecules has a rela

tively long history. Irrespective of this, a remarkable variety of results in this field

has been obtained only in the nearest past. Furthermore, numerous problems

remained unsolved. Therefore it is legitimate to expect that the investigation

of the topological properties of benzenoid molecules will be fruitful also in the

future.

SUMMARY

The most important general results of the topological theories of benzenoid molecules

are presented : relations between the basic invariants of a benzenoid graph, enumeration of Kekuli

structures, spectral properties of benzenoid graphs, topological resonance energy, and the mathe

matical formalism of Clar's theory. Emphasis is given to the connections between the three main

topological models which are currently used in the theoretical chemistry of benzenoid molecules

— resonance theory, Huckel molecular orbital theory and Clar aromatic sextet theory.
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H 3 B O Jl

TOnOJIOUIKE OCOBHHE BEH3EHOHflHHX MOJIEKyjIA

HBAH rVTMAH

npupodno-MameMaCuuHKu tfiaxyAuieui, Kpaiyjeeau

LTpBKasaHH cy iiajBawmijn onuiTH pe3yjrraTH TononouiKHx Teopnja 6eH3eHOHAHHx iwojie-

Kyjia: Be3e iwerjy ochobhhm iiHBapujaHTaMa 6eH3eHOHflHor rpacpa, npeGpojanaibe Kekule-OBHX

crpyKTypa, cneKTpajme ocoSHHe 6eH3eHOH,0HHX rpacpOBa, TonojioiiiKa eHepraja pe30HaHUHje

h MaTeMaTHMKK 4>opMajiH3aM Clar-OBe TeopHje. Hapo^irra na>KH>a jc nocBeheHa pejiauiijaMa

H3Me^y TeopHje pe30HaKUHje, Hiickel-oBe MOJieKyjicKo-op6HTajme TeopHje h Clar-oBe TeopHje

apoMaiHMHor ceKCTeTa. 104 pecbepeime.

(ripHMjbeHO 22. jyjia 1982)
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The solvolysis of 2-aryl-2-cyclohexyl-l-methylethyl tosylates substituted

at the phenyl ring by X=p-H, P-NO2, P-COCH3, m-Cl, p-Cl and P-CH3 in acetic

and formic acids has been investigated. Assuming two separated and independent

pathways (unassisted and assisted) implicit in the matematical form of the equation

ki = Fk& + k,, the total rate constants (kt) were determined and the obtained values

together with corresponding Hammett a constants were used to calculated the rate

constants Aa (for aryl-assisted reactions) and k, (for non-assisted reactions). The

plot of log Fkb. obtained in this work for the substituted 2-aryl-2-cyclohexyl-l-

-methylethyl system vs. log FAa for the threo-2-aryl-l-methylpropyl analogs in

AcOH which is known to solvolyse by k, and Aa mechanisms1,8, gives ^ good straight

line. This indicates strongly that &a rates (in AcOH) for 2-aryl-2-cyclohexyl-l-

-rr.ethylethyl tosylates are a true measure of ionization with participation of the aryl

group and support the description of the solvolysis of 2-aryl-2-cyclohexyl-l-

-methylethyl tosylates as involving a iiscrete £a and k, processes.

In the analysis of solvolytic reactions involving primary and secondary

arensulphonate esters with neighbouring aryl groups it has been proposed for many

years that neighbouring aryl group bridging can occur in the ionization step3-4.

In systems of the type shown in eq. 1 this analysis leads to the conclusion that

there are two competing paths for displacement of tosylate, which are designated

as feA and *8.

product

III

product

The k± path involves aryl participation. The ks path involves direct Sn2 displa

cement by nucleophile. Titrimetrically determined rate constants therefore, re

present the sum of the constants of these two reactions:

kt=FkA+ke

It has been proposed by Brown et al.5 that there are serious inconsistencies

in the preceding theory.

. -HQS 
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More recently, studies initiated by Schleyer6 and completed by Brown and

Schleyer1 have convinced Brown of the existence of the phenonium ion in these

reactions. They proved that all primary and most secondary aryl tosylates undergo

solvolysis by two distinct pathways, aryl and solvent-assisted7 (kA and kB).

For some years we have also discussed solvolysis of 2-cyclohexyl-2-phenylethyl

tosylate and related systems8.9 in terms of a competition between anchimerically

assisted ionization (kA) and anchimerically unassisted ionization (kB).

The presence of a cyclohexyl group in the molecule of 2-phenylethyl tosylate

enhances the assistance of the phenyl group. Further examinations were made

with secondary aryl tosylates, namely substituted 2-phenyl-2-cyclohexyl-l -methyl-

ethyl tosylates I.

The 2-aryl-2-cyclohexyl-l-methylethyl system (I) was chosen for study

since it is structurally disposed against both aryl participation and aryl rearrange

ment. This simplifies the kinetic analysis, for the finding of any anchimerically

assisted contribution (Fk&) to the total rate (kt) for members of this system can

be explained only by aryl bridging, since there is neither a steric nor an electronic

driving force for the formation of the new cation by aryl migration (Scheme 1).

OSHOS

XVP-CHCH3 ***** XVl

CfHjjCH CHCHj

~OTs XCft

■ SOCH — CHCH,

I

Xt»V'— CHjCHj —•—- XCfH^CH-CHfCHj

-OTt OS

Scheme. 1 . Mechanism of the solvolysis of 2-aryl-2-cyclohexyl-

-1-methylethyl tosylates I, X=p-NO*, p-COCH3, m-Cl,

p-Cl, p-U and /*-CH3.

A series of phenyl-substituted 2-aryl-2-cyclohexyl-l-methylethyl tosylates

were synthesized and were solvolysed in acetic and foimic acids as solvents. The

overall rates (kt) were titrimetrically determined.

Table I lists the acetolysis and formolysis data obtained for a series of the

secondary 2-aryl-2-cyclohexyl-l-methylethyl tosylates (I).

The titrimetric rate constants from the Table I were dissected into their

constituent Fk^ and kB according to the equation4:

kt=Fk&-\-ka.
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TABLE I. Data for acetolvsis and formolysis of 2-aryl-2-cyclohexyl-l-methylethyl tosylates:

XC6H4CH(C8Hn)CHCH3OTs

X Solvent Temp.

°C

p-CH3 AcOH 75 1.32X10-3

HCOOH 75 2.00x10-*

p-H AcOH 75 2.89xl0-«

HCOOH 75 7.08x10-"

SO 1.27 xlO"3

40 5.97x10-3

p-Cl AcOH 75 7.29 x 10-5

HCOOH 75 2.52 xlO-3

m-Cl AcOH 75 4.00x10-*

HCOOH 75 1.59xlO-3

p-NOa AcOH 75 1.91 xlO"5

HCOOH 75 7.59 x I0-4

p-COCHs AcOH 75 2.64x10-=

HCOOH 75 1.10x10-3

It was assumed that in the cases where the substituents X in I are sufficiently

deactivating (/>-N02, P-COCH3) no participation takes place and the compounds

react by an unassisted pathway (kt=kB). Rate data for the solvolysis of these com

pounds, plotted against c constants gave a correlation line with slope p=—0.5,

reflecting the minor effects of these two substituted (3-aryI rings (Fig. 1).

 

Extrapolation of this line defines the ka contribution for the other substi

tuents as well.

Activation of the aryl rings in I by spfficiently electron-releasing substituents

facilitates participation. The kt for such substrates necessarily deviates (Fig. 1)

from the kB line defined by the deactivated compounds. The extent of this deviation

is a measure of Fk^ (Table II).
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TABLE II. Data for acetolysis and formolysis of 2-aryl-2-cyclohexyl-l-methylethyl tosylates :

I, XC6H4CH(C«Hii)CHCH3OTs

X Solvent Temp. s-i
^xlOO

°C

p-CH3 AcOH 75 5.76xl0~s 1.26 x lO"3 95.4

HCOOH 75 2.75 x 10-3 1.73 x lO-3 86.5

p-H AcOH 75 4.79 x lO"5 2.41 x 10-" 83.3

HCOOH 75 2.09 x 10-3 4.99x10-3 70.4

p-Cl AcOOH 75 3.64 x lO"5 3.65 x lO"5 50

HCOOH 75 1.26 x lO-3 1.26 x lO"3 50

m-Cl AcOH 75 3.02xlO-5 0.98 x lO"5 24.5

HCOOH 75 1.13x10-3 0.46x10-3 29

p-NOa AcOH 75 1.91 xlO-5 0 0

HCOOH 75 7.59x10-" 0 0

p-COCHa AcOH 75 2.64 X 10-5 0 0

HCOOH 75 1.10 x lO-3 0 0

The log Fk& values for the substrates with electron-releasing substituents

(p-Cl, wj-CI, p-CHa) are linearly correlated with good precision by the electrophilic

substituent constants o+ (Fig. 2).

The high degree of charge derealization into the participating aryl nucleus

under this experimental conditions is revealed by the value of p =— 3.1.

The attempt to dissect formolysis rate constants (ki) into FkA and ka, accord

ing to the previously applied procedure was unsuccesful (Fig. 3). Fk& values

 

-01 -01 -01

Fig. 2. Plot of log FkA for 2-ary-2-

-cyclohexyl-l-methylethyl tosylates vs. <r+

(AcOH at 75°, p= —3.1, coeff. 0.97).

 

OS 07 Oft OS O* OS t'l 01 0 £>I Ol

Fig. 3. Rates of formolysis of 2-aryl-

-2-cyclohexyl-l-methylethyl tosylates at '

75° vs. a constants ».i
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for all aryl-substituted derivatives obtained in this manner are smaller than the

corresponding acetolysis FkA values (Table II). This is not in agreement with

expectation since formic acid is known to be a solvent which favours a k± mech

anism.

We concluded that k„ defined by the formolysis data for P-NO2 and p-COCHj

derivatives does not correspond to the rate constant for a solvent-assisted pathway.

Most probably even these two least reactive derivatives react by an aryl-assisted

mechanism.

Furthermore the formolysis rate kt data correlate linearly with good precision

with electrophilic substituent constants a+ (Fig. 4), supporting the conclusion

that the formolysis of all the substrates being investigated proceeds entirely with

neighbouring aryl group participation.

Comparison of the rates for the 2-aryl-2-cyclchexyl-l-methylethyl system

and literature values for the 2-aryl-l-methylethyl system7-10 show that substi

tution at the carbon atom bearing the aryl group by a cyclohexyl group increases

the acetolysis rate in all cases and that the enhancement is biggest for electron-

-releasing aryl substituents (Table III).

TABLE III. Effect of cyclohexyl group on acetolysis rate at 75 °C

X XC6H4CH2CH(CH3)OTs''"

II, kt, s-i

XC6H4CHCCoHn)CH(CH3jOTs

I, h, 1-1

ktl

AcOH

m-Cl 4.77 x 10° 4.00x10-5 8

p-Cl 5.72 x 10-« 7.29 x IO-5 12

p-H 1.31X10-5 2.89 x 10-1 22

p-cm 3.27X10-5 1.32xl0-3 40

That this increase is the result of the increased magnitude of FkA can be

seen from data given in Table rv.

TABLE IV. Percent aryl assisted reaction for secondary aryl substrates

(F£a/*0 1 100

ro-Cl p-Cl

Arensulphonates Temp. °C Solvent

p-H p-CH3

XC8H4CH2CH(CH3)OTs' 100 AcOH 0 0 47 64

XC8H4CH(CH3)CH(CH3)OTs7 75 AcOH 0 30 68 89

XCrfl4CH(C«Hii)CH(CH3)OTs 75 AcOH 24 50 83 100

The same was concluded for the primary 2-aryl-2-cyclohexylethyl tosy-

lates9.

The data in Table IV also show that a cyclohexyl group as a (3-substituent

has a stronger effect than a (3-methyl group.

It was reported in the literature that the rate and product of the acetolysis

of rAreo-2-aryl-l-methylpropyl tosylates can be also adequately interpreted by

assuming two independent processes: aryl-assisted (FkA) and solvent-assisted (£s)1,2.
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If the solvolysis of our secondary 2-aryl-2-cyclohexyl-l-methylethyl tosylate

is of the same mechanism, which is strongly indicated by the previously discussed

results, we would expect a linear correlation of log Fk± for the 2-aryl-2-cyclohexyl-

-1-methylethyl tosylates against log Fk& for the f/weo-2-aryl-l-methylpropyl

tosylates.

 

-5 -i -3

Fig. 4. Rates of formolysis ot 2-aryl- *>ff F*A thr*o-2-iryl -'-mtthylpropyl 0BS

-2-cyclohexyl-l-methylethyl tosylates at

75° vs. o+ constants (corr. coeff. 0.98). pig- 5- piot of iog pkA for 2-aryl-2-

-cyclohexyl-l-methylethyl tosylates and

log FkA for f/ireo-2-aryl-l-methylpropyl

p-bromobenzenesulphonates at 75° in

AcOH, p = 0.94 (corr. coeff. 0.99).

The plot of log Fk& for the substituted 2-aryl-2-cyclohexyl-l-methylethyl

system vs. log Fk& for the threo-2-aryl-l-methylpropyl analogues in AcOH gives

a good straight line through the points for p-Cl, p-H and p-CH.3 with a slope of

p=0.94 (Fig. 5).

This indicated strongly that k& rates (obtained by correlation in AcOH

for 2-aryl-2-cyclohexyl-l-methylethyl tosylates) are a true measure of ionization

with participation of the aryl group.

EXPERIMENTAL

2-Cyclohexyl-l-niethyl-2-phenylethyl tosylate. The alcohol was prepared by the addition of the

Grignard reagent of methyl iodide and Mg to a-cyclohexylphenylacetaldehyde. The tosylate

was prepared according to the method of Brown11, with p-toluenesulphonyl chloride in pyridine.

Recrystallized from ethanol, m.p. 105°.

(Found: C, 70.83; H, 7.50; S, 8.30. CaaHzsSOs requires, C, 70.93; H, 7.57; S, 8.60%).

IR Spectrum (cm-1) 1420—1330 (R-SOs-OR), 1200—1040 (—S = 0), 2800—2950

(CaHn—, CH3—), and 700 (C6H5— ).

2-{p-CMoTophenyl)-2-cyclohexyl-l-melhylethyl tosylate. The alcohol was prepared by the addition

of the Grignard reagent of methyl iodide and Mg to <x-cycIohexyl-(/>-chlorophenyl) acetaldehyde.

The tosylate prepared according to the method of Brown11, m.p. 104—106°.

(Found: C, 64.50; H, 6.67; S, 7.85. C22H27C1S03 requires, C, 64.92; H, 6.68; S, 7.87%).

IR Spectrum (cm1): 1420—1330 (R—SOa—OR), 1200—1040 (—S=0), 2800—3000 (C6Hn—,

CH3—).
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2-Cyclohexyl-l-methyl-l-(p-mtrophenyl)ethyl acetate, was prepared by the nitration of 1-cyclo-

hexyl-l-methyl-2-phenylethyl acetate12, m.p. 49°.

(Found: C, 66.80; H, 7.60; CkHmNO* requires, C, 66.86; H, 7.59).

IR Spectrum (cm-1): 1100 (OH-sec), 3200—3500 (OH), 1345—1540 (/>-N02).

J-Cychhexyl-l-(j>-mtrophe>tyr)propan-2-ol, was prepared in 80% yield by hydrolysis of acetate

with 0.5 mol//oms HC1 in methanol. The crude alcohol was used for the tosylate.

2-Cyclohexyl- 1-methyl-2-(j>-nitrophenyl tosylate. The tosylate was prepared according to the method

of Thomson13, m.p. 50°.

(Found: C, 63.00; H, 6.50; S, 7.57. Cj2Hs7NS05 requires, C, 63.28; H, 6.51; S, 8.67%).

Cyclohexyl-{p-tolyl)methanol. The alcohol was prepared from the Grignard reagent of cyclohexyl

bromide and Mg p-methylbenzaldehyde in 60% yield, m.p. 41—42°.

Chloro(cyclohexyl)-(p-tolyl)methane was prepared from the corresponding alcohol and SOCh
in absolute toluene 14 in 60% yield, b.p. 180o/14mmHg.

(Found: C, 75.40; H, 8.50; Ci4HuCl requires, C, 75.48; H, 8.59%).

Cyclohexyl-(p-tolyOacetic acid was obtained by the addition of CO2 in the Grignard of chloro-

(cyclohexylHp-tolyl)methane and Mg by the standard method in a yield of 30%, m.p. 105°.

(Found: C, 77.50; H, 8.50. C15H20O2 requires, C, 77.55; H, 8.67%).

Cyclohexyl-{p-tolyl)acetyl chloride was prepared from the acid and SOCls14 in a yield of 50%,

b.p. 180714mmHg.

Cyclohexyl-{p-tolyl)acetaldchyde was prepared by the reduction of the acid14 in a yield of 30%.

The crude aldehyde was used for the other synthesis.

2-Cyclohexyl-l-methyl-2-(p-tolyT)elhyl tosylate. The alcohol was prepared from the appropriate

aldehyde and the Grignard reagent of methyl iodide and Mg in a yield of 20%. The tosylate was

prepared trom the crude alcohol and p-toluenesulphonyl chloride in pyridine13 in a yield of 20%,

m.p. 120°.

(Found: C, 71.20; H, 7.60; S, 8.O.C23 H30SO3 requires, C, 71.46; H, 7.82; S, 8.29%).

IR Spectrum (cm 1): 1420—1330 (R—SOaOR), 1200—1040 (—S = 0), 2800—2950 (C»Hn—,

CHs—).

m-Chlorophenyl(cyclohexyl)acetonitrile was prepared from w-chlorobenzyl cyanide and cyclohexyl

bromide with NaNHj in absolute benzene15 in a yield of 60%, b.p. 180°/1 mmHg).

(Found: C, 71.50; H, 6.90. CuHisCIN requires, C, 71.94; 6.89%).

m-Chlorophenyl(cyclohexyl)acetate acid was prepared from the nitrile and KOH in ethyleneglycol18

in a yield of 85%, m.p. 133—135°.

(Found: C, 65.95; H, 6.00. C14H17CIO2 requires, C, 66.01; H, 6.33%).

m-Chlorophenyl(cyclohexyl)acetyl chloride was prepared from the acid and SOCI214 in a yield

of 60%, b.p. 190°/14 mmHg.

1-{m-Chlorophenyt)-l-cyclohexylpropan-2-ol. The alcohol was prepared from the m-chloropheynl

(cycohexyl)acetaldehyde(obtained from acetyl chloride) and the Grignard reagent of methyl

iodide and Mg by the standard method in a yield of 30% ; the crude alcohol was used for the

tosylate.

2-(m-ChIorophenyl)-2-cyclohexyl-l-methylethyl tosylate was prepared from the alcohol and p-to-

luenesulphonyl chloride13 in a yield of 30%, m.p. 98°.

(Found: C, 64.60; H, 6.48; S, 7.70. C2sH27ClSOs requires, C, 64.91 ; H, 6.68; S, 7.78%).

2-(-Acetylphenyl)-2-cyclohexyl-l-methylethyl tosylate. The alcohol was prepared from the acetylation

of the acetate13 and the tosylate from the alcohol and p-toluenesulphonyl chloride1* in yield of 15%

m.p. 115°.

(Found: C, 68.89; H, 7.00; S, 7.50. C24H30SO4 requires, C, 69.53; H, 7.29; S, 7.73%).

Rate measurements. Solvents used were reagent grade.
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Formic acid (98—100%) was purified17. The low-boiling components were distilled off

through a column until the head temperature reached 99°. After cooling, pure boric anhydride

(4 g per gram of water, calculated on the basis of 2% water) was added. After it had stood three

days at room temperature, the formic acid was decanted and distilled from some fresh boric an

hydride.

Anhydrous acetic acid was prepared by refluxing 99.8% acetic acid (994.9 ml) with acetic

anhydride (5.1 ml) for four hours. Distillation yielded as a main fraction, the acid b.p. 118°18.

Rate measurements were accomplished by usual sealed ampoule technique18, 19.

The thermostat was of conventional design and maintained the temperature within 0.5°

Reaction mixtures were usually prepared from a known weight of solute and from solvent

(0.05 g tosylate in 25 ml solvent). The purity of each ester was checked by complete hydrolysis.

The infinite titres for all investigated compounds correspond to 98—100% ester content.

Reactions were followed to about 75—90% completion. Reactions were followed by with

drawing ampoules from the thermostat at suitable intervals and titrating 2 ml alquots of the reaction

mixtures. The liberated p-toluenesulfonic acid was titrated with 0.02 mol/dm3 soaium acetate

in acetic acid. The indicators used were bromphenol blue for acetolysis and bromocresol green

for formolysis. The end point in the formolysis was improved by dilution of a 2 ml aliquot with

5 ml of purified dioxane and titrating to bromocresol green end point.

Good first-order behaviour was observed for both acetolysis and formolysis.

The values of kt were calculated from the expression:

2.303 ( a \

H3BOJ

COJ1BOJ1H3A CyriCTHTyHCAHHX 2-APHJI-2-UHKJ10XEKCHJI-1-METHJIETHJI

T03HJIATA

BEPA KPCTHTi h MHJIAH MVIIIKATHPOBhTV

TexHo.iotuKO-MeiuaAyptuKU (fiaKyjuieui yHueepsuiueuia y Eeoipady, u.up. 494, 11001 Eeocpad

y pafly je iicrniTaHa cojiBOJiim 2-apHJi-2-UHKJioxei<CHJi-l-MeTHJieTHji T03wiaTa ca cync-

TirryeHHMa > (peHHJi rpyrm p-H, P-NO2, P-COCH3, m-Cl, p-Cl a p-Cti.3 y cnpheTHoj h Mpa-

BJt>oj KHcejiHHH. 0,aper)eHe cy yKyrme KOHcraHTe 6p3HHe (kt) npeTnoCTaBJbajyhH OABHja&e pe-

aKimje no flBa napajie.ma h neMBitCHa MexamMiwa (HeacHcnrpami h aciicTHpaHH) mtje kohc-

TaHTe 6p3HHe ce iwaTe.MaTHm<H iwory flOBecTH y Be3y ca THTpHiweTpHjcKH o,sper)eHOM yKymroM

KOHCTaHTOM 6p3HHe jeflHaTOHOM A!t =F^A + *». Ha OCHOBy OBHX KOHCTaHTH 6p3HHa (fei) h Ham-

mett-OBHX a KOHCTaHTH H3paMyHaTe cy KOHCTaH/re 6p3HHe &a (3a apuji-acjicrnpaHe peaiomje) h

ks (3a HeacHCTiipaHe peaKUHje. KopejiaimjoM Fk& flo6HjeH\nx y obom pafly 3a cyncraTyHcaHH

2-apH.n-2-UHKjioxeKCH.n -1-MeTHJieTKJi chctovi h log Fk& 3a Mjpeo-2-apHJi-l-Mera.rinponHJi aita-

Jiore y AcOH 3a Koje ce 3Ha «a cojiBOJiMyjy no ks h Aa MexaHH3My1>2 floonjeHa ja irpaBa. To

noKa3yje fla cy H3patrynaTe KOHCTaHre £a (y AcOH) 3a 2-apHJi-2-UHKJioxeKCHJi-l-MeTHJiemri

TO3HJiaTe npaBa Mepa joHH3auHje V3 napTHUHnaiuijy apwr rpyne h noTBptjyjy fla ce cojibo-

jiH3a 2-apH,i-2-UHKJioxeKCHJi-l-MeTHJieTHJi TosHJiaTa ojjBHja no &a h ks MexamwMy.

(npHwjbeno 24. jyna 1982)
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Microcrystalline cellulose was modified as to obtain carboxymethyl cellulose,

various polyinethylene diamino carboxymethyl cellulose and succinyl-octamethylene

diamino carboxymethyl cellulose derivatives. Commercial glucoamylase was co-

valently linked to all of these matrices and the activities of the modified enzymes

thus obtained have been assayed. The measured activities of some of the products

were in the lower activity range of the usual commercial preparations of insolu-

bilized glucoamylase, but the activity of one group of the new preparations (glu

coamylase octamethylene diamino carboxymethyl cellulose) exceeded for almost

two times the activity of one of the leading commercial preparations of immobil

ized glucoamylase.

In a previous paper the covalent bonding of glucoamylase to CNBr-activated

microcrystalline cellulose has been reported1. The activity of the obtained prep

aration was low and the modified enzyme had lost a lot of the properties of the

starting soluble enzyme. The explanations of these results were sought both in

structural changes of the activated matrix in the course of the catalytic reaction

and in the non-specific bonding of the enzyme to the matrix surface in course

of the immobilization — both leading to inactivation of the enzyme and inhibition

of the enzyme activity.

In order to obtain better preparations of immobilized glucoamylase and to

investigate the above mentioned problems more thoroughly, the enzyme has been

covalently linked to modified cellulose matrices with different lengths of the „spacer

arms". At the same time, the enzyme was bound to the matrix either by its amino

or by its carboxyl groups.

EXPERIMENTAL

Carboxymethyl cellulose: Cellulose (30—60 g) was suspended in dioxane (100—200 ml)

and stirred (6—48 h) with an excess of monochloroacetic acid, at temperatures between 18 and

101 °C. The products have been filtered off, washed with dioxane, dried and weighed. Depending

upon the reaction conditions, the products contained 0.021 to 0.32 moles of carboxymethyl groups

per mole of cellulose. Free carboxyl groups were indicated by the greenish-yellow colour of the

sample in the TNBS test.

483
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Polymethylene diamino carboxymethyl cellulose {DCM): Carboxymethyl cellulose (15—40 g)

obtained as desribed above, was suspended in small amounts of dioxane or mixtures of dioxane/

/ethanol/water (1 :1 :1). To the well stirred suspension an excess of octa- or deca-methylenediamine

(dissolved in dioxane or in the above mentioned solvent mixture) was added — together with

EDAC or dicyclohexyl carbodiimide (200—500 mg). The reaction mixture was adjusted to a

pH between 5.2 and 8.8 and stirred for 4—24 h at a temperature between 18° and the boiling

point. After the reaction was discontinued, the pH was found between 4.2 and 9.3. The reaction

product was filtered off, washed, dried and weighed—to indicate an up to 96% yield of DCM. Free

terminal amino groups at the spacer were indicated by an orange colour of the sample

in the TNBS test2.

Succinly polimethylene diamino carboxymethyl cellulose (SDCAf): DCM (15—20 g) obtained

as described above, was suspended in appox. 200 ml of a solvent mixture consisting of dioxane/

/ethanol/water (1 :1 :2). To the well stirred suspension an excess of succinyl anhydride (dissolved

in the same solvent mixture) was added — followed by appox. 400 mg of dicyclohexyl carbodi-

imide. After 24 h of boiling the well stirred reaction mixture, and upon cooling to room tempe

rature, the product was filtered off, washed, dried and finally weighed — to indicate an approx.

100% yield of SDCM. Free carboxyl groups terminating the spacer arms of the matrix were

indicated by a greenish-yellow colour of the sample in the TNBS test.

Covalent bonding of glucoamylase to the modified cellulose matrices: Any matrix (9—30 g),,

prepared according to any of the above described procedures, was suspended in water (50—80 ml)

ana mechanically stirred at a temperature between 4 and 20°. EDAC (200—700 mg) was added,

followed by pouring of glucoamylase (340—4079 IU) into the reaction mixture. After 24—72 h

of stirring, while the pH was kept at 4.7±0.5, the reaction product was filtered off, thoroughly

washed with water and stored under water at 4°. Assays of the modified enzymes at 30° and at

pH 4.5 indicated activities of 0.034 to 1 .94 IU per ml of the preparation. Assays performed under

optimal conditions for pH and temperature indicated activities of 0.066 to 6.09 IU/ml of the

corresponding preparation. The excess of the activity used for coupling could be recovered from

the combined filtrate and wash.

The activity was defined as the number of micromoles of glucose obtained in one minute

from 1.6% of soluble starch solutions, at 30° and at pH 4.5 (if not otherwise stated) in a hydro-

lytical reaction catalysed by one milliliter of the enzyme. Glucose determinations were performed

by the OTD method3. For some purpose (relative activity etc.) the enzyme was assayed by using

p-nitrophenyl-a-D-glycopyranoside as substrate4.

The starting soluble enzyme used for covalent bonding to the insoluble matrices was „Amylo-

glucosidase Novo 150 L". The commercial insoluble enzyme, used for comparision of the

modified enzymes prepared was „Dextrozyme SP 146", with a declared activity of 40 IAG/ml.

Both of the commercial enzymes have been purchased from NOVO, Denmark.

Cellulose used in obtaining the modifiea cellulose matrices was „Cellulose, Macrocrystalline,

for Column Chromatography", Merck, Darmstadt.

RESULTS AND DISCUSSION

Generally, two groups of modified cellulose matrices were obtained: the

first having spacer arms ending with free carboxyl groups and the second having

spacer arms ending with free amino groups. Within both of these series of modified

cellulose matrices the spacer arms were of various lengths.

The modified enzymes obtained by covalent linking of amino groups of

the protein to carboxyl groups of the matrices (enzyme-carboxymethyl cellulose

and enzyme-SDCM preparations) were found to have remarkably low activities.

Despite the fact that in these preparations the enzyme was spaced at different

distances from the insoluble matrix backbones — the difference in their average

activities was only marginal (see Table I). These results urged to the assumption

that by establishing of covalent bonds between the enzyme's amino groups (either

terminal or non-specific) and the carboxylic groups of the matrices (close or distant
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to the matrix backbone), changes are caused in the proximity of the active site

of the enzyme.

To obtain some first evidence in favour or against this idea, glucoamylase

was covalently bound to DCM-matrices. The reason was obvious: to involve

the carboxylic groups of the enzyme into the covalent bond of glucoamylase and

the amino groups available on the surface of the matrix. The modified enzymes

thus obtained were assayed and found all active. The activity of one of the pre

parations (glucoamylase octamethylenediamino carboxymethyl cellulose) exceeded

by large not only the activities of the before mentioned group of preparations,

but was found twice as high as the activity of one of the leading commercial prep

arations of insolubilized glucoamylase (Dextrozyme SP 146, Novo, Denmark)

see (Table I).

TABLE I. Average activities of several enzyme preparations used or obtained

in this work (at pH 4.5)

Enzyme Average activity Temperatura

((jLM/mlmin) (°C)

Amyloglucosidase 2080 30

Novo 150 L 13890 60

Dextrozyme SP 146 1.04 30

(.dec. act. 30 IAG/ml) 3.14 SO

E — CMCel 0.03 30

E — DCM 1.94 30

6.09 60

E — SDCM 0.07 30

On scanning the temperature and pH optima of the modified enzymes ob

tained (Tables II and III and Figs 1 and 2) it was found that the temperature

optimum of one of the E-DCM group of preparations was shifted to somewhat

higher values (60°) than found as the temperature optimum of the commercially

available insolubilized glucoamylase preparation — but being in the same region

as the temperature optimum of the „native", starting soluble enzyme, the „AMG

Novo 150 L".

As evident from the above data, the properties of the E-DCM preparations

differ favourably from the properties of the commercially available insolubilized

glucoamylase preparation. From Table III and Figure 2 it is evident that the

E-DCM preparations have the same pH optimum as the starting soluble enzyme.

These results indicate that by covalent linking of carboxyl groups of gluco

amylase to amino groups terminating the spacer of the matrix backbone, only

minor changes in glucoamylase enzymatic properties occur. The better thermal

stability of the insolubilized glucoamylase E-DCM preparations is explained by

assuming that the covalently bound matrix stabilizes the ..native" conformation

and shields the enzyme protein.
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TABLE II. Effect of pH on the activity of Amyloglucosidase Novo 150 L and immobilized

enzyme preparation on octamethylenediamino-carboxymethylcellulose (DCM)

Volume of

used enzyme

(ml)

Volume of

used subst

rate

(ml)

Optical

density for

t=60 min

Activity of

used enzyme

((xM/ml-min)

Relative

activity of

enzyme

PH Enzyme

(%)

Amyloglucosidase 2xl0-3 40 0.073 1388 66.7

3.0 Novo 150 L (E)

E-DCM 1.70 20 0.086 1.05 61.8

Amylogl. 150 L —  _ —  

E-DCM 2.15 20 0.126 1.23 72.7

Amylogl. 150 L 2x10-' 40 0.080 1527 73.3

E-DCM 1.80 20 0.129 1.48 87,5

4.5 Amylogl. 150 L 2xl0-3 40 0.110 2083 100.0

E-DCM 1.50 20 0.125 1.69 100.0

S.0 Amylogl. 150 L 2x10-3 40 0.096 1833 88.0

E-DCM 2.00 20 0.150 1.62 95.9

5.5 Amvlogl. 150 L 2x10-3 40 0.091 1736 83.3

E-DCM 1.45 20 0.116 1.56 92.1

6.0 Amylogl. 150 L 2x10-3 40 0.075 1444 69.3

E-DCM 1.45 20 0.100 1.41 83.2

6.5 Amylogl. 150 L
 _ — _ —.

E-DCM 1.75 20 0.096 1.14 67.3

7.0 Amylogl. 150 L 2x10-3 40 0.056 1083 52.0

E-DCM 2.20 20 0.073 0.70 41.4

 

Fig. 1 Fig. 2

Fig. 1. Effect of pH on the glucoamylase activity. O — AMG Novo 150 L, • — immobilized

enzyme preparation on DCM.

Fig. 2. Effect of temperature on the glucoamylase activity. O — Dextrozyme SP 146, • — immo

bilized enzyme preparation on DCM.
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TABLE III. Effect of temperature on the activity of Dextrozyme SP 146 (dec. act. 40 lAG/ml)

and immobilized enzyme preparation on octamethylenediamino-carboxymethyl-cellulose (E-DCM)

Volume of Volume of Optical Activity Relative

i Enzyme used enzyme used subst- density for of used activity

(ml) rate

(ml)

t=60 min enzyme

((iM/mlmin)

of enzyme

(%)

Dextrozyme 1.0 10 0.110 1.04 33.2

SP 146

E-DCM 4.0 SO 0.152 1.94 31.9

Dextrozyme 1.0 10 0.232 2.18 69.5

SP 146

E-DCM 1.8 20 0.326 3.72 61.0

Dextrozyme 1.0 10 0.334 3.14 100.0

SP 146

E-DCM 1.5 20 0.400 5.37 88.3

Dextrozyme 1.0 10 0.287 2.71 86.3

SP 146

E-DCM 1.8 20 0.537 6.09 100.0

Dextrozyme 1.0 10 0.201 1.89 60.2

SP 146

E-DCM 1.9 20 0.442 4.77 78.4

H3BOJ

HM0BHJIH3A1XHJA rJiyKOAMHJIA3E. IV. KOBAJIEHTHO BE3HBAH>E EH3HMA

3A MATPHUE KOJE CE CACTOJE OR MOflHOHKOBAHE UEJiyjI03E

•BOFBE nETPOBHTi, EPAHKrt EAPJI, AJIEKCAH^AP 'BEJIHHEO, BEPA BAH'BEJI,

MH.TCHUA MHJIOCABJiEBHTi h BEPA 'EEPMAHOBH'E

XcxujcKU UHC&uuiyui npupodHO-AKUue/naiuuuKoi &aKyjiiueuia Yuu»ep3uuieiua y Beotpaby, u.up. 550,

11001 Beotpad u Hncuiuuiyui 3a xeMujy, iuexHOAoiujy u jueuiaAypiujy , Eeoipad, Ibeimueta 12,

11000 Eeoipad

MuKpoKpHcrajiHa uenynoM MOfljicJjHKOBaHa je y KapooKCHMerita uejiynoay, paamwirre

sepHBSTe noJiHMeraneHflHaMHHo-Kap6oKCHMenin uejryno3e h paanirnrre flepHBBTe cvkuhhhjt-

■ncuiHMeTHJieHflHaMHHO-KapooKCHMeTHn uenyno3e. rViyKoaivutna3a je KOBaneHTHO Be3aHa 3a CBe

OBaKo mfimnK KarpHQe, na je Ha Taj anm ao6hbchhm MOflBXpHKOBaHHM curawMHMt HOiwi'iuMBa

3KTHBHOCT non. paanHMHTHM ycnoBHMa. JXooHBeHe BpeAHocTH 3a aKTHBHOCT 6line cy KOfl jeftHe

•Wire npenapaTa BeoMa hhckc, aok je Kon, flpyre rpyne HOBOCHHTeTH30BaHHX HMo6nJiHcaHnx

cK3hmckhx npenapaTa aKTHBHOCT Siina iai< h n,Ba nyTa Beha on. aKTHBHOcro je/nror on, BonehHX

KoMepinijanHHx npenapaTa nMo6njiHcaHe rnyKoaMHna3e (Dextozyme SP 146, neitnapHcaHa

"^tHBHocr 40 IAG, npoH3Bot)ati Novo, flaHCKa).

(ITpHMjbeBn 16. jyna 1982)
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A quantitative analytical procedure was developed for analyzing monoalkyl-

benzene and monoalkylcyclohexane mixtures by determining the ratios of absor-

bances at 770 or 708 and 900 cm-1 in their i.r. spectra obtained from neat liquid

films. Having determined the ratio of absorbances, the composition of the mixture

could easily be obtained from the calibration curve which was valid for mixtures

with different chain lengths. Separate calibration must however be done for branched

— and linear-chain monoalkylbenzene and monoalkylcyclohexane mixtures. Mixtures

with dialkyl-components were analysed too and it was found that in their case the

quantitative i.r. analysis based on measuring ratios of absorbances could not be

used.

Naphthenic oils have physical and chemical properties between paraffinic

and aromatic oils. An extraordinarily low pour point and relatively good chemical

stability make naphthenic oil a product very much in demand.

The quantity of naphthenic crude oils from which naphthenic oils have been

produced is decreasing1. Hence the great need of looking for either new resources

for the production of naphthenic oil or possible substitutes.

Processes have already been developed for the production of electroinsulating

oils2 and white oils3 based on the hydrogenation of byproducts of dodecylbenzene

production, so called light and heavy alkylates4-5. The hydrogenation process

has demanded an analytical procedure for the determination of quantities of alkyl-

benzene and alkylcyclohexane hydrocarbons in their mixtures. This paper describes

a method of analysis of monoalkylbenzene (MAB) and monoalkylcyclohexane

(MACH) mixtures by i.r. spectroscopy.

EXPERIMENTAL

Two samples of branched monoalkylbenzenes (av. mol. mass 420 and 300) designated

as bMAB and one sample of linear monoalkylbenzene designated as 1MAB were used for hydro

genation experiments and developing the analytical procedure. Their physico-chemical properties

are presented in the Table. The mixture of branched chain monoalkyl- and para- and m«fa-dial-

kylbenzenes has the following characteristics: content of monoalkylbenzene 5 mole. %; av. mol.

mass 315;density 863 kg/m3 (293 K ), boiling range 142—158 °C/ 13. 3 Pa(390—413°C/0.098 MPa).

489
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TABLE. Physico-chemical properties of monoalkylbenzenes

Property bMAB bMAB 1MAB

(420) (300) (256)

Av. mol. mass 420 300 256

Density, 293 K, kg/m3 868 862 860

Pour point, °C <-34 < — <-70

Flash point, °C 194 150 145

Aniline point, °C 76 60 23

Iron, mg/kg — — 1

Sulphur, ppm 19 11 —

Viscosity, 293 K, itf/sxlO* 44.0 40.2 10.0

Refractive index, n*> 1.4836 1.4794 1.4837

a — Products of Exxon, Belgium, b — Product of Shell Chemicals

The batch hydrogenation processes were performed in a laboratory autoclave and BUSS

AG (Switzerland) pilot plant with a Raney-Ni catalyst and catalyst? containing Group VIII metals.

The i.r. spectra were obtained on a Perkin-Elmer instrument M-457. Neat liquids were examined

between salt plates.

RESULTS AND DISCUSSION

Figure 1 shows the i.r. spectra in the range 1800—600 cm-1 of a monoalkyl-

benzene (bMAB) and a monoalkylcyclohexane (bMACH) with branched alkyl

chains. The following bands could easily be recognized6.

 

■ 1 .— i i i

1800 1600 1400 1200 1000 MO 600

WAVENUMBER (CM*)

Fig. 1. I.r. spectra of branched-chain monoalkylbenzene and monoalkylcyclohexane.



ALKYLBENZENE AND ALKYLCYCLOHEXANE MIXTURES 491

bMAB: 1600 cm-1 — benzene C—C stretching; multiplet centered at 1460 cm-1

— asymmetrical bending of methyl C—H and the scissoring band of

methylene C—H bonds; triplet centered at 1380 cm-1 — symmetrical

bending of methyl and gem-dimethyl C—H bonds; 770 and 708 cm-1

— out of plane C—H bending vibrations of 5 adjacent hydrogen atoms.

bMACH: Bands centered at 1460 and 1380 cm-1 are the same as in bMAB;

900 and 850 cm-1 — cyclohexane C—C stretching.

Bands at 770 and 708 cm-1 and at 900 and 850 cm-1 could be used to de

termine the quantity of bMAB and bMACH respectively. The band at 708 cm-1

is preferred for the determination of a smaller quantity of bMAB, but is too in

tensive for mixtures containing more than 20% of bMAB in which case the band

at 770 cm-1 should be used.

The band at 900 cm-1 has to be preferred for the determination of all con

centrations of bMACH. The absorbance ratios /l"o/^90o an(j ^708/^900 couid

consequently be used to determine the composition of mixtures of MAB and

MACH on the basis of the following equations:

-<4mAB=SMAB " CmAB - d, /iMACH=eMACH ' CmACH " d

■<4mab _ emab • Cmab \ d ^ X

•^MACH EMACH ' CmaCH * d l—X

where ^hab and ^mach — absorbances of monoalkylbenzene (MAB) and mon-

oalkylcyclohexane (MACH), emab and smach — molar absorptivities, Cmab

and Cmach — concentrations in moles per liter, d — path length through the

sample, x — mole fraction of MAB, 1 — jc — mole fraction of MACH, 100 x or

100(1 — x) — mole or mass per cent of MAB or MACH. (Both MAB and its com

pletely hydrogenated derivative MACH have practically the same average molec

ular masses).

Using the mixtures of known compositions made from a sample of branched-

-chain monoalkylbenzene (bMAB) and its completely hydrogenated derivative,

as a sample of branched-chain monoalkylcyclohexane (bMACH), the plot of the

ratio A™IA900 vs. the composition has been constructed as shown in Fig. 2.

Figure 3 A shows the i.r. spectrum of a mixture containing 69.00% ofbMACH

and 31 .00 mole % of bMAB and the base-line method for calculation of absorbances.

The ratio of absorbances did not depend on the thickness of the sample film.

For an accurate calculation, however, it should be secured that the trans-

mittance of the more intense band is not less than 15%. The calibration curve

shown on Fig. 2 could be used for determinations of the compositions of mixtures

in which the content of the bMAB is not less than 10%. Otherwise the measure

ment becomes inaccurate. As it will be shown later, the same calibration curve is

valid for bMAB and bMACH mixtures of different av. molecular masses, that

is, different branched alkyl chain length.

For the production of monoalkylcyclohexane oils by hydrogenation of mono

alkylbenzene oils it is, however, important to determine the composition of mixtures
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containing very low quantities of the alkylbenzene component. For that reason

a procedure based on i.r. analysis has been developed for the determination of

the composition of MACH/MAB mixtures containing 0—20 mole % of MAB.

DO(l-x)

monoalkylcvclohexane (%.)

KM 90 80 70 60 50 tO 30 20 10 0 

20 30 40 50

100 X

monoalkyibenzene (7.)

branched-chain

60 70 80 90 100

Fig. 2. Calibration curve for the de

termination of compositions of bMAB/

/bMACH mixtures.

Mixtures of known composition have been prepared using two samples of branched-

-chain monoalkylbenzenes with av. molecular masses of 300 (16 C-atoms in the

alkyl chain) and 420 (24 C-atoms the alkyl chain) and their 100% hydrogenated

 

B

N

* 706

c

1
j

708

9 »
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WAVENUMBER CM 'j

Fig. 3. I.r. spectrum of mixtures containing 69.00 mole % of bMACH (A), 97.90 mole °,„

of bMACH (B) and 97.95 mole % of 1MACH (C), and the base line methods for calcu

lation of absorbances.
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derivatives as alkylcyclohexane components. Figure 3B shows an i.r. spectrum

of a mixture containing 97.90 mole % of bMACH of an av. molecular mass of

300 and the base line method for calculation of absorbances.

For these mixtures (0—20 mole % of MAB) the band at 708 cm-1 has to

be used for calculation as the band at 770 cm-1 is too small and there is in the

spectrum of MACH a broad absorption at 770 cm-1 (see Figure 1).

The ^4708/^900 ratj0 showed a linear dependence on the composition if the

concentration of MAB was lower than 15 mole %. It could be represented by the

following equation:

^708/^900=0.149 x (1)

where x — mole fraction of MAB with a correlation coefficient r2= 0.996.

Equation (1) did not depend on the lenght of the branched alkyl chain. At

higher concentrations of MAB (over 15%) the linear dependence (eq. 1) was no

more valid. Equation (1) as well as the diagram on the Figure 2 enabled us to de

termine the compositions of mixtures of branched-chain monoalkylbenzenes and

monoalkylcyclohexanes with different chain lengths by simply measuring the

absorbance at 900 and 770 or 708 cm-1 on the i.r. spectrum which was obtained

by scanning the mixture as a neat liquid film. Branched-chain MAB and MACH

are easily recognized by the triplet band at 1370 cm-1 (gem-dimethyl groups)

and by the lack of a band at about 730 cm-1 (CH2 — chain of four and more C

— atoms).

The diagram of Fig. 2 and eq. (1) could not be used in the case of mixtures

of linear-chain MAB and MACH which are easily recognized in i.r. spectra show

ing a singlet band at 1370 cm-1 and a band at 730 cm-1 which is characteristic

of linear methylene chains6. The main reason that the same diagram and equation

could not be used for branched- and linear-chain components was the influence

of branching on the cyclohexane C—C stretching vibration. The ratio of intensity

of bands at 900 and 850 cm-1 was different for bMACH and 1MACH. Because

of that, for mixtures of linear-chain MAB and MACH a separate calibration is

necesseary. A 1MAB of an av. molecular mass of 256 and its 100% hydrogenated

derivative have been used for this purpose and eq. (2) has to be used for concen

trations of 1MAB lower than 15 %:

,4708/,<19oo=o.224 * (2)

where x — mole fraction of 1MAB with a correlation coefficient r2— 0.997.

It was not investigated whether in this case also eq. (2) was valid for different

chain lengths. It could, however, be supposed that as in the case of branched-

-chain compounds the absorbances at 900 and 708 cm-1 for equimolar quantities

are respectivly the same and do not depend on the chain length. Figure 3C shows

an i.r. spectrum of a mixture containing 97.95 mole % of 1MACH and the

base line method for calculation of absorbances.

The calbration mixtures, the i.r. analysis was based on, were made by mixing

the starting monoalkylbenzene mixture and its completely hydrogenated deriv

ative. So obtained mixtures were practically identical with mixtures obtained

during the hydrogenation process because of the small differences in the rate of
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hydrogenation of alkylbenzenes with different lengths of the alkyl chain if it contains

more than four C-atoms7.

In case that absorbances at 900, 770 and 708 cm-1 do not depend on the

chain length, as it was shown to be true for branched-chain compounds, even the

different hydrogenation rates would not influence the exactness of i.r. analysis.

The usual byproducts of alkylation of benzene are also mixtures which con

tain dialkylbenzenes. Alkylnaphthenic oil for various applications could be produced

from them by hydrogenation too2-4. The analysis of mixtures which contain di-

alkyl-compounds is much more complicated.

Figure 4 shows the i.r. spectrum of a mixture of alkyl-benzenes which con

tains only 5 mole % of monoalkylbenzenes and of its 100% hydrogenated deriv

ative. The following bands could be recognized:

840 cm-1 — out of plane C—H bending vibrations of 1 ,4-dialkylbenzenes,

718 and 803 cm-1 — out of plane C—H bending vibrations of 1,3-dialkylbenzenes,

708 and 770 cm-1 — out of plane C—H bending vibration of monoalkylbenzene.

100
 

1B0O 1600 UOO 1200 1000 800 600

WAVENUMBER (CM-1)

Fig. 4. I.r. spectra of mixtures of branched-chain mono- and dialkylbenzenes and mono-

and dialkylcyclohexanes. The content of monosubstituted components amounts 5 mole %.

These bands could be used for the determination of the contents of monoalkyl-

and 1,4- and 1,3-dialkylbenzenes. Because of the overlapping of bands at 718

and 708 it is more convenient to use bands at 803 and 770 cm-1 for calculations.

Also for mixtures with linear-chain compounds an overlapping has to be expected

between the intense band at 730 and the band at 718 cm-1. The i.r. spectrum of the
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100% hydrogenated mixture (Fig. 4) shows that cyclohexane bands at 900 and

850 cm-1 vanished in the case of 1,3- and 1 ,4-dialkylcyclohexane. The quantity

of monoalkylcyclohexane (5 mole %) was too small to show the traces of these

medium intensity bands. It has been seen from spectra that there was no band

which could be used as a measure of the concentration of dialkylcyclohexane com

ponents. Consequently, to analyse such mixtures, the molar absorptivity should

be determined for bands at 840, 803 and 708 cm-1 and the measuring of alkyl-

benzene concentration must be done directly in dilute solutions, for instance in

isooctane. The direct determination for each alkylbenzene component is also

necessary because of the great difference in their hydrogenation rates8. The in

vestigation of the analysis of mixtures containing dialkylbenzenes is being con

tinued.
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H3BOJ1

AHAJIH3A CME1UA AJIKHJIBEH3EHA H AJIKHJIUHRJIOXEKCAHA

JIEJAH CKAJIA, MHJIAH BACTHTi h JOBAH a. JOBAHOBHTR

TexHOAouiKO-MeiuaAypuiKu (jjaxyAuieui, Vmieepsuuieui y Eeoipady, u.up. 494, 11001 Eeoepad

Pa3BHjeHa je KBaHTHTaTHBira aHajiiiTHwa Merofla 3a o,nper}HBaH>e ca,npH<aja MOHoajiKHJi-

6eH30Jia h MOHoajrKHJiirHKAOxeKcaHa y h>hxobhu ciweiuaMa. Meroaa ce 3acHHBa Ha oaper)HBaH>y

ojrHoca ancopSamrnja Ha 770 hjih 708 h 900 cm-1 kor h.ii. cneicrapa flo6HjeHHX CHHMaH>e,M TeiHor

(pHJiMa CMeuia. CacraB oweiiia Mo>xe ce Jiauo oapeAHTH noiwohy KajiH6pau,HOHe Kpiree, i<oja Ba>KH

3a CMeuie cacraBJBeHe on je/unbeH>a ca pa3JiHWHTHM ay>KHHaMa anKmiHHX HHSOBa. IIpH Toiwe je

HeorrxoAHo h3bpuihth o^BojeHe KajiHSpaiwje 3a CMeuie ca pasrpaHaniM h jiHHeapmiM HH30BHMa.

H3BefleHe KopejiauHje joi<a3yjy fla aKo je caapwaj MOHoajiKHJi6eii3oJia Hcnoji 15% (*<0,15)

nocrojH jiHHeapHa 3aBHCH0cr H3Mer)y oflnoca ancop6aimnja /pmIAt0° h MOJiCKor yaejia ajiKHJi-

6eH30Jia y CMeimi, h to: y cnyiajy pa3rpanaTor ajnauiHor HH3a /4708//4900 = 0,149 x; y cJiyMajy

JiHHeapHor aJiKKfmor HH3a A70ilA900 = 0,224 x. Gweme ca aHajiKHJi-jeAHH>eH>HMa cy TaKor)e

HoiHTHBaHe ajiH je npH TOMe yTBpbeHo fla He MO>Ke fla ce hckophcth HanoweHa MeTOAa npaheita

o/rnoca KapaKTepHCTHWHx ancopoaHUHja.

(ripHMjbeHO 1. anpiuia 1982; peBHflnpaHO 21. jyna 1982)
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The effect of temperature on the infrared absorption frequencies of vich,

vbch, V2cn and vicd of liquid CH3CN and CDsCN, respectively, has been investi

gated in the temperature range from —40 to +60 °C. Increasing the temperature

led an increase (0.01—0.02 cm-1 K_1) in the frequency of the infrared absorption

maxima. The experimental results are discussed in terms of intermolecular inter

actions acting between the molecules in the liquid phase.

It is generally known that vibrational frequencies change on going from

gas to liquid due to the intermolecular interactions between the molecules in the

liquid phase. On the other hand, the experimentally observed gas-liquid i. r. fre

quency shifts include a contribution which can be attributed to the dielectric prop

erties of the liquid medium surrounding the absorbing molecule („dielectric

effect")1-2. The temperature dependence of the characteristic properties of the

frequency spectrum in the condensed phase (absorption maximum, half-width

and intensity of bands) can be interpreted in terms of the temperature variation

of intermolecular interactions and/or of the dielectric effect3. However, analysis

of the available information shows that the changes observed in the vibrational

spectra of polar substances are difficult to interpret qualitatively let alone quanti

tatively. In order to study the effect of temperature on the local intermolecular

field and on the i. r. absorption frequency of polar liquids a precise experimental

determination of the shifts is needed. This seems to be not an easy task if one con

siders the magnitude of these shifts (several hundredths of cm-1 per K).

Acetonitrile is an important organic solvent with a large dipole moment

(3.94 D4) and its liquid phase short-range structure can be described by the pres

ence of clusters consisting of five molecules with antiparallel orientation of the

neighbouring molecules5-7. Interpretation of the temperature dependence of the

experimentally determined vapour pressure differences between CH3CN and

CD3CN8-9 within the framework of the statistical theory of isotope effects in con

densed systems strongly suggested that the CH stretching vibrational frequencies

(vicH) vsch) of acetonitrile shift to the blue with increasing temperature9. Although

the agreement between the frequency shifts thus obtained and the available spectro-

scopically observed i. r.10 and Raman11-12 temperature dependences can be con

sidered satisfactory, the lack of precision of most of the spectroscopic data does
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not allow a more detailed discussion of the influence of the different factors on

the temperature dependence of i. r. absorption spectra. In the present paper the

results of the determination of the temperature dependences of vich, v2cn and

V5CH vibrational frequencies of CH3CN and vicd of CD3CN in the liquid phase

by infrared spectroscopy will be reported and discussed in terms of the inter-

molecular forces present in the liquid.

EXPERIMENTAL

Commercial grade acetonitrile (Merck) was destilled over P2O5 and dried over a 3A mol

ecular sieve. The deuterated acetonitrile (Merck for NMR spectroscopy) was specified as having

a deuterium content of 99 at % was used wihout further purification.

The infrared measurements were taken with a Perkin-Elmer 580 double beam spectro

meter. The temperature of the variable temperature unit was kept constant with a precision of

within ±0.5 °C by means of a proportional heater and by cooling with dry ice or liquid nitrogen.

The 0.1 mm thick liquid cell had two silver chloride windows and its temperature was monitored

by a copper-constantan thermocouple which was placed into a hole drilled in one of the windows.

The spectra were recorded with a resolution of 1 cm-1.

The study was carried out in the temperature range from — 40 to +60 °C and the recording

of the peaks was repeated in general three times at a given temperature which was read at the

peak maximum in each case.

RESULTS

The observed i. r. absorption maxima of the vi, V5 CH stretching and V2

CN stretching fundamentals in liquid CH3CN and of the vi CD stretching fre

quency in CD3CN as a function of temperature are shown and are compared with

the available literature data in Figures 1 and 2. It can be seen that in all cases the
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 Fig. 1. Temperature dependence

of CH stretching frequencies (vi,

V6) in liquid acetonitrile. □: ref.

11; ▲: ref. 10; A, O: ref. 12;

ref. 9 • : present work;

least squares fit to the present

data (see Table I). The number 2

in the figure indicate that 2 data

points fall on the same place.

vibrational frequencies increase linearly with temperature, the constants of the

equation v (cm-1)=vo+Ar (°C) obtained by least squares technique are listed
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in Table I. The temperature dependences of vich> vsch and V2cn vibrational

frequencies observed by Gadzhiev10 are significantly steeper than those of the

present investigation. The precision of the Raman investigation on the vich and
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Fig. 2. Temperature dependence

of CD (vi) and CN (v2) stretching

frequencies in liquid CD3CN and

CH3CN respectively. □: ref. 11;

▲ : ref. 10; A, O : ref. 12;

ref. 9; • : present work; least

squares fit to the present data

(see Table I). The numbers in

the figure indicates that 2 or 3

data points fall on the same place.

vsch frequencies by Baranov and Setskarev11 do not allow the establishing of a

definite temperature dependence whereas the data of Jonas12 for vich and vicd

are in good agreement with the present ones. The effect of temperature on the

TABLE I. Parameters of the equation v(cm_l) = vo+it(°C) and their standard deviations

Number

of
Vibration vo b (cm-* K"1)

observed

data

vi sym. C—H stretch 2944.76 0.04 0.0167 0.0012 24

V2 sym. C=N stretch 2252.27 0.06 0.0097 0.0020 20

vs deg. C—H stretch 3004.12 0.05 0.0119 0.0013 25

vi sym. C—D stretch 2116.29 0.04 0.0196 0.0013 35

CH stretching vibrations concluded from the model calculation on the vapour

pressure differences between CH3CN and CD3CN9 is in satisfactory agreement

with the i. r. data in the case of vj cd ; while in the case of vich and vsch vibrations

the spectroscopic investigation seems to give a less steep frequency-temperature

relationship.

DISCUSSION

The vibrational frequencies of the molecules in the liquid phase are different

from those in the gaseous phase owing to the effect of intermolecular forces on

the properties of condensed phase molecules (see e.g. ref. 3). Buckingham13 and

others14-15 have discussed the theory of the effect of intermolecular forces on
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normal mode vibrational frequencies. The shifts on condensation observed by

i. r. spectroscopy also include a term corresponding to the ..dielectric correction"

which is associated with the difference in the dielectric field of the light wave

acting on the molecule in a condensed medium and the average field in that me

dium1-2. In the case of intense i. r. absorptions the dielectric correction may be

quite sizeable; e.g. for the asymmetric stretch in CS2 it has been estimated as

being 14 cm-1 out of the observed 27 cm-1 shift1'16-17.

In liquid acetonitrile the methyl group is influenced by two effects: one

axial (in the direction of symmetry axis) and one perpendicular. The former can

be observed via the symmetric modes, the latter via perpendicular modes18. The

short-range structure of the liquid can be described by a bundle of five molecules

in which a central molecule is surrounded by four antiparallel neighbouring mo

lecules7. The difference in the axial and perpendicular interactions arising from

the differences in the immediate surroundings in the two directions explains qual

itatively why the vapour-liquid shift in the symmetric vich stretching frequency

(10.5 cm-1)19 is much larger than in the perpendicular type vsch stretching fre

quency (3 cm-1)19. Although the i. r. absorption intensities of these fundamentals

are rather weak, however, since the observed band intensity of the vsch funda

mental is about six times as large as that of the vich fundamental19 the relative

contribution of the dielectric correction can be expected to be more significant

for the vsch than for the vich vibration.

The agreement between the temperature dependences of the vicd vibration

of CD3CN molecule obtained by different methods (vapour pressure isotope

effect measurement9, Raman investigation12 and the present i. r. measurement)

is excellent which shows that the dielectric correction does not change with tem

perature. It is interesting to note that the temperature dependences of vich and

vi cd fundamentals are the same within the 3<r limits (see Table I), thus the approx

imation Avh/vh=Avd/vd, where Av=vvapour— viiquid) does not appear to be

valid through the entire temperature range. In the statistical mechanical model

calculation carried out to explain the vapour pressure differences between CH3CN

and CD3CN 9, it was assumed that the temperature dependence of both vi ch and

vsch frequencies can adequately be taken into account by the introduction of a

temperature dependent CH stretching force constant as was done in the case of

benzene20. However, the significant difference in the b values of vich and vsch

(see Table I) suggests that the temperature dependence of the force constant de

scribing the interaction of two CH stretchings must be also taken into account.

Gadziev10 attempted to explain the observed shift in the v2cn frequency

under the influence of intermolecular forces by taking into consideration the in

teraction between the CN bonds on which the dipole moment is thought to be

concentrated. Although this very simple model gave the right magnitude of the

vapour-liquid shift it has been argued by Michel and Lippert18 that the charges

of the dipoles are located not on the nitrile group but at the ends of the molecules.

Since the intensity of the v2cn stretching frequency is more sensitive to perpendic

ular fields — which polarize the tc electrons of the nitrile group in perpendicular

directions — and in addition that the axial fields increase while perpendicular

fields decrease this18, the observed decrease in the intensity with increasing tem

perature [/( — 40 °C)/(+80 °C)«sl.6]21 point to a more drastic change in the per

pendicular interactions. The rather small variation of the v2cn vibrational frequency

with temperature aristing from the change in axial interactions also lends support

to this hypothesis.
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The dipole interactions between the acetonitrile molecules decrease with

increasing temperature — due to the change in the mutual orientation of the mol

ecules on the one hand and to the increase in the distance between the molecules

on the other — which brings about an increase in the frequencies of the CH stretch

ing fundamentals when the temperature is increased. The repulsive interaction

between the acetonitrile molecules ought to play also an important role22-23, but

the assessment of its relative contribution to the temperature dependences of the

different vibrational frequencies must await until more information becomes

available on the change of cluster dimensions brought about by the volume expan

sion of the liquid phase with increasing temperature.

H3BOJI

TEMIIEPATyPCKA 3ABHCHOCT HEKHX BHBPAUHOHHX OPEKBEHUHJA

y TEMHOM AUETOHHTPHJiy

>KHBOJHH B. KHE5KEBH-R', JOBAH a. nynE3HHl

HAflA P. MHJtEBHH1 K GABOR JANCSO

xHHCwuuLyw m uyKAeapue nayxe „Eopuc Kudpuu", u.up. 522, 11001 Eeoipad u

^UemupaAHu uncuiuuiyui 3a ucmpaoicuaana y ifiuauuu, u.up. 49, H-1525 EyduttdtuaUa

HcnHTSW je yrmiaj TeiwnepaType Ha HHcpparrpBeHe ancopnuHOHe (ppeKBemnrje vich,

vsch, v2CN, vacD Te<JHor CH3CN, oah. CD3CN y oncery TeiwnepaType ofl —40 flo +60°. rio-

Behaibe TeinnepaType aoboah flo noBehaita (0,01 — 0,02 cm^/K) cppeKBeHi^Hja HHcppaupBewix

ancopniwoHHx iwaKCHMyMa. EKcnepnMeHTajiHH pe3yjiTaTH cy AHCKyroBaHH y CBemocni HHTep-

aKUHja Koje flenyjy H3Me^y MOJieKyna y TenHoj cpa3H.

(ripHMJbeHo 23. jyna 1982)
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Porous carbon air-electrodes activated by CoPC, FeTPHP, PdPC, PtPC and

metal-free PC (PC — phthalocyanine, TPHP — tetraphenylporphyrin) were studied

in 2M NaCl electrolytes. The activity of heat-treated carbon activated by CoPC was

compared to carbon activated by in situ formed metal oxides, or to the separately pre

pared and mechanically mixed-in catalyst. All the results show that the main cata

lytic activity of the catalyst used originates from the central metal atom used, while

the chelate or oxide structures serve predominantly to keep the metal in the stable

form at the carbon surface. Metal-free phthalocyanine does not show any catalytic

activity for oxygen reduction. Cyclic voltammometry on pyrolytic graphite electrodes

with adsorbed metal-free and Co phthalocyanines confirms the conclusion given

above.

Transition metal chelates of various kinds have been studied extensively

as oxygen reduction catalysts in porous carbon electrodes after Jasinski1 demon

strated the catalytic activity of Co phthalocyanine on a carbon support in alkaline

solutions. Phthalocyanines, porphyrins and other chelates of Fe, Co and other

transition metals have been studied in alkaline and acid solutions either in porous

carbon electrodes2-10 or by the ring or ring-disc technique8- 11-19 to evaluate the

rate constants and oxygen reduction mechanism. Some of the chelates (e.g. Fe-

-phthalocyanine) appeared to be unstable as the catalyst particularly in sulphuric

acid. Bagotzky et a/.6 showed recently that a considerable increase in the catalytic

stability can be achieved by heat treatment at 800—900° in an inert atmosphere.

We have shown9 that Co and Fe phthalocyanines (PC) and tetraphenyl-porphyrins

(TPHP) also catalyse oxygen reduction at the porous carbon electrode in neutral

chloride (2M NaCl) solution in a similar way as in the alkaline one. This has been

confirmed by Kaisheva et a/.10 recently. In fact, the slow diffusion out of the porous

structure of OH- ions generated by the electrochemical reaction makes the pH

inside the pores higher than 14, i.e. the electrolyte in which the catalyst operates

is a very alkaline chloride solution. We have shown also, that Co and FePC and

Co and FeTPHP introduced by impregnation of the ready-made porous carbon

electrode with the catalyst solution in cone. H2SO4 or chloroform as solvents,

show catalytic effects of 100—120 mV at 100 mA/cm2. In the experiments presented

here an attempt was made to correlate the catalytic effects of the central metal

ion and the surrounding structure in real operating conditions inside the porous

carbon air-electrode.
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EXPERIMENTAL

The porous carbon air-electrodes used in these experiments were made in our laboratory

using Yugoslav made active carbon (Miloje Zakic Factory, KruSevac, Type G-52) and our own

manufactering technique. Basically, the electrodes were of the two layer type; the solution side

was made of the partially hydrophobized (20% Teflon emulsion) catalytically activated active

carbon 60—71 |xm fraction and a hydrophobic porous polyethylene layer made of the 100—120

jxm fraction on the gas side. More details on the elcrtode manufacturing can be found elsewhere20,21.

However, the manufacturing technology has not been optimized yet and the electrochemical

characteristics of these electrodes as presented here are not the best possible. It has been used

merely as a standard procedure in order to be able to compare the activities of the catalysts added.

The catalysts were introduced into the pores of active carbon prior to the final electrode

pressing by impregnation of carbon powder with an adequate amount of chelate dissolved in

pyridine (for PC) or chloroform (for TPHP), or with an aqueous solution of the corresponding

metal sulphates, followed by vacuum drying to remove the solvent. Some amounts of carbon

impregnated with CoPC, or with metal sulphates (Co, or a mixture of Co, Ni and W) were heated

at 950° either in Nz or air. For comparison some of the electrodes were made of non-catalysed

active carbon with and without heat treatment at 950° in N2 or air. In one experiment separately

prepared C03O4 powder was mixed with active carbon as the catalyst. Other chemicals used

were the same as in ref. 9.

The polarizations for curves presented here were measured as steady state values at con

stant currents in 2M NaCl solutions at room temperature. All the potentials are expressed versus

saturated calomel electrode as the reference electrode.

RESULTS AND DISCUSSION

The results obtained in the first set of experiments are shown in Fig. la.

As seen, the catalytic effects are practically the same for CoPC, FeTPHP or me

chanically added C03O4. As shown before9, the larger amount of chelate catalyst,

over 1 mg/cm2 (ca. 1 %), when added by impregnation does not improve the elec

trode performance. Also, there is no real difference between the curves for CoPC

and FeTPHP. Hence, curves in Fig. la suggest two conclusions: (1) there is no
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Fig. lc

Figures 1 . a, b and c. Steady state cathodic polarization curves for carbon air-elec

trodes in 2M NaCl.

significant difference in the activities of metal chelates having PC or TPHP ligand

structures and (a) the activities are approximately the same independently whether

Co is in chelate or oxide form.
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In the second set of experiments the effects of the heat treatment of carbon

activated by CoPC were examined, following the results of Bagotzky et al.6. Since

heat treatment might affect the structure and area of the real surface of active carbon

(which is of importance for the performance of the gas diffusion electrode) sep

arate tests with electrodes made of catalytically non-activated carbon heated

in N2 or air were carried out. As expected, the heat treatment of pure carbon im

proves somewhat the electrode performance (Fig. lb curves 2 and 3). As shown

elsewhere20 this is due to an increase of the active carbon real surface area by slow

oxidation of carbon, and the improvement of gas transport through the more

developed submicroporous system, while more severe oxidation (in air) leads

to an opposite effect. Heating of active carbon activated with CoPC in N2 at 950°

(curve 4) seems to have a very small effect compared to non-activated carbon

heated in the same way (curve 2). However, heating in air is more effective (curve 5)

showing a decrease of polarization for ca. 100 mV at 100 mA/cm2, compared to

non-catalysed carbon (curve 3). This is approximately the same catalytic effect

as shown in Fig. la for non-heated CoPC, FeTPHP and mechanically added C03O4 -

The effect of the central atom of the phthalocyanine complex was tested

(besides the previously9 compared FePC and CoPC, showing approximately the

same activities) with PdPC and PtPC, also. At 100 mA/cm2 the porous carbon

electrode catalysed with 1 mg Pt/PC/cm2 had lower polarization for ca 80 mV,

as those with 1 mg PdPC/cm2 compared to the electrodes catalysed with the same

amount of CoPC.

The polarization curves presented in Fig. lc could be separated into two

groups. Curves 1 and 2 represent electrodes made of carbon activated with metallic

Pt (obtained by the reduction of PcCU with hydrazine) with 0.2 and 0.7 mg/cm2.

The first figure corresponds approximately to the amountof metal of 1 mgPtPC/cm2.

The larger amount is used to show the performance of these electrodes when

activated in the usual way, often cited in literature. The second group is represented

by curves 3, 4 and 5. Curve 5 is for the electrode to which 10 mg/cm2 of the se

parately prepared tungsten carbide was mixed in. Tungsten carbide was studied

extensively as the hydrogen electrode catalyst, with some experimental indications

of its destruction at more positive potential than ca. 0.3 V vs. the reversible hydro

gen electrode. X-ray analyses suggest22 the formation of structures similar to tungsten

bronzes23. The activity of WC for oxygen reduction, not reported in literature

yet, is probably related to the destructive action of oxygen to the WC surface

and the formation of a surface layer of catalytically active tungsten bronze. The

activities of these electrodes were stable in one day experiments, while long term

stability tests were not carried out yet.

Curves 3 and 4 are obtained for electrodes made of carbon impregnated

with a C0SO4 solution or a mixture of Co, W and Ni sulphates and activated by

heating in air at 950°. Curve 4 is approximately the same as curve 4 in Fig. la

or curve 5 in Fig. lb (only a 25 mV difference, which should be considered as

being within the limits of reproducibility) while the mixture of oxides (curve 3)

gives a slightly more active elctrode. Comparison of the electrodes with mechani

cally mixed-in C03O4, (Fig. la), C03O4 formed in situ by oxidation of C0SO4

(Fig. lc and with CoPC heated in air (Fig. lb) show that these activations are

practically the same, i.e. they depend on the activity of the Co ion in the oxide

lattice. The same activities obtained for CoPC activated electrodes also suggest

that it is Co in the chelate which has nearly the same activity as in the oxide form,

while the role of ligands in the chelate complex is of secondary importance.
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Finaly, curve 6 in Fig lc represents the polarization curve for the electrode

made of active carbon impregnated with 1 mg/cm2 of the metal-free phthalocyanine.

As shown, the electrode performance is somewhat lower than for non-catalysed

carbon (cf. Fig. la). Hence, it could be concluded that the phthalocyanine structure

without the central metal atom has no catalytic activity for oxygen reduction at

porous carbon air-electrodes.

In order to verify this conclusion a separate set of cyclic voltammetry exper

iments was carried out with the electrodes made of pyrolytic graphite activated

with metal-free or Co phthalocyanine from their solutions in cone. H2SO4. The

electrodes were made of the highly oriented pyrolytic graphite by cleaving a thin

foil (about 1 cm2 of the exposed basal plane area) from a larger piece. All the edges

were isolated with Simplex first, (acrilyc resin). Since we had some information

that metal-free PC has the catalytic activity, especially after high temperature

treatment, some electrodes (pure PG, activated with metal-free, and with Co

phthalocyanine) are heated for 15 min. in a N2 stream at 800°.

Figure 2. First cyclic voltammograms for

pyrolytic graphite (PG) (basal plane) electrode

in 1M NaOH between +0.7 and -1.3 V, sta

rting from 0.7 into cathodic direction. Sweep ra

te 500 mV/s. a) pure PG in N2; b) pure PG in 02;

c) metal-free PC adsorbed on PG in N2; d) the

same in O2; e) the same after heating at 800°

in O2; f) CoPC adsorbed on PG in N2; g) the

in O2; h) the same after heating at 800°

in O2.
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E/V vsSCE

The voltammograms shown in Fig. 2 show the results of these experiments.

Voltammogram c is for pure PG in 1M NaOH saturated with N2; b is the same

electrode but when N2 was replaced with O2; c is for the same electrode activated

with metal-free PC in a solution saturated with N2, and d for the same electrode

in O2 saturated electrolyte; e is the same as d, but the electrode was heated at 800°.

Voltammograms /, g and h are for CoPC activated PG electrode in N2 and O2,

the third one after heating at 800° in O2 saturated electrolyte.
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The catalytic activity of certain electrodes can be measured by the increase

of the cathodic current, compared to the currents obtained in O2 free electrolyte.

At —0.4 V, which is the working potential of carbon air-electrodes, one can observe

no increase of current at electrodes treated with metal-free PC, while O2 reduction

is obvious at CoPC activated electrodes, in both cases heat treated (h) and non

heated (g), somewhat more expressed in the latter case. Hence, these experiments

confirm the conclusion obtained in the experiments with porous carbon air-elec

trodes. It should be noticed however, that metal-free PC (voltammograms g and e)

have some activity at potentials more negative than —0.6 V, but it is of practically

no importance for porous carbon air-electrodes.

It can be concluded, finally, that the main catalytic activity for oxygen re

duction in an activated porous carbon electrode in alkaline chloride solution is

due to the presence of the transition metals (e.g. Fe, Co, etc.) themselves, while

the form in which they are present, providing that it is stable (e.g. phthalocyanine,

porphyrin, oxide, etc.), is of small importance. Also, metal-free phthalocyanine

has no catalytic activity for oxygen reduction at a porous carbon electrode.
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KATAJIH3ATOPH OR METAJIA IIPEJ1A3HE rpynE 3A YiMBEHy BA3flyUIHy

EJIEKTPOflY y HEyTPAJlHHM XJIOPHflHHM EJIEKTPOJIHTHMA

flPAryTHH M. flPAWHH, 30PAH B. JIEflMHCKH, CTPAXHH-A K. 3EMEBHTi

H MHJIOPAfl ». ATAHAUKOBHTi

TexHOMnuKo-MeuiaAypuiKU <p~aKy/iiueiu u Hncuiuiuyui 3a eAexuipoxeMujy HXTM, EeoipadcKtt

yHueep3uuteiu , u.up. 494, 11001 Eeoepad

HciumrsaHe cy nopo3He yrjbeHe Baajrynme eneKTpofle aKTHBHpaHe ca CoPC, FeTPHP,

PdPC, PtPC h 6e3MeTajmHM PC (PC — (pTOJiouHjaHHH, TPHP — TeTpacbemmnopcfoHpHH) y

2M NaCl Kao eneHTpojurry. ynopel)eHa je airoiBHOCT Tep.Mnm<H TpempaHor aKTHBHor yrjta

aKTHBHpaHor ca CoPC, yriba aKTHBHpaHor ca in situ cbopMHpaHHM okchaom MeTajia h yrita

ca MexaHHWH npH.weiuaHHM i<aTa^H3aTopoM y npaxy. Cbh pe3yjrraTH yKa3yjy fla je ochobhh

Hocanau KaiaJiirnrqKe aKTHBHOCTH ueirrpajiHH aTOM MeTajia y KOMiuieKcy, aok xejiaina 04H.

KHceoHjwKa crpyKTypa y OKcmry oiy>KH yrjiaBHOM aa o«p>kh MeTaji y CTa6HJiHo.w oSjiHKy Ha

nOBpnunry yrjba. <J>TanouHjaHHH 6e3 MeTajmor joHa He noKa3yje npaKTJTOHO HHKaKBy KaTajin-

THtKy aKTHBHOCT 3a pe;ryKiBijy KHceoHHKa. UHKJimma BOJiTaiweTpHja Ha ejieicrpoflH o,n nnpo-

ranriHor rpa<j>HTa ca aflcop6oBaHHiw CoPC h PC 6e3 lweiajiHor joHa noTBpfjyjy H3HeTe 3aKJby*n<e.

(ITpHMJbeHO 25. aBrycra 1982)
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A new method is given for a simultaneous determination of the anodic and

the cathodic Tafel plots with a complete elimination of the concentration over-

potential in the latter case. This method is based on the fact that the surface con

centration of the electrochemically active species is determined by the mean current,

provided the current has a variable direction and intensity. A value of the mean

square-wave alternating current is equal to zero. Consequently, in the frequency

region where a variation of the surface concentration and the effect of the double-

-layer capacity are negligible, the potential response of a system represents the

surface overpotential. The results are in a good agreement with those obtained by

the single-pulse galvanostatic technique.

One of the major problems in determining the cathodic Tafel plots is the

occurrence of the concentration overpotential1. It has been recently shown2 that

this can be overcome by a pulsating current. After establishing the steady state

conditions, the surface concentration of depositing ions remains constant at certain

frequencies during both the pulse and pause periods. The potential difference

between the working and the reference (unpolarized) electrode in the pause is

equal to the Nernst concentration potential or the concentration overpotential

itself. The total overpotential during the pulse, consisting of the activation and

the concentration components, can be reduced to the activation overpotential

simply by their subtraction. The concentration overpotential during the pause

is calculated from the Nernst equation. Thus, the cathodic Tafel line for the copper

deposition from acid electrolytes extends through the whole two decades of the

current densities.

The purpose of this work was to extend the idea to both the cathodic and

anodic Tafel plots with a complete elimination of the concentration overpotential

by the square-wave alternating current.

STATEMENT OF THE PROBLEM

It is known3 that the amplitude of the concentration change of depositing

ions at the electrode surface decreases with the increase in the frequency of the

511
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alternating current. It can be shown that at sufficiently high frequencies

this change becomes nagligible. The same effect one can expect for the square-

-wave alternating current shown in Fig. I. Similarly to the reversing current4,

the square-wave alternating current can be described by the equations

 

Fig. I. The shape of the square-wave alternating current and typical overpotential-time

response.

where

dt ~ dx*

C(0, x)=C0

C(t, 8)=C0

U*/,-o zFD

;(0=

ja for m T<t s$

K)

(i)

-ja for T< 1 < («+ 0 r-

or y(r) given by eq. 1 the solutions of the problem is obtained in the form :
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1) The surface concentration at the end of the cathodic pulses, Cc, under steady

state conditions:

8/a Co • 1 . l-exp(-XkT/2)

iQ{2k+\f l+exp(-XkT/2)

Qc—Q °JA ^0 y 1 1 —CApy— Afc 1 W

and

2) The surface concentration at the end of the anodic pulses, Ca, under steady

state conditions:

c =C | 8jA C° y 1 . l-exp(-Xfcr/2)

* ° ^jl ftt{2k+ 1)2 l+exp(-Xkr/2)

where,

X =(2*+l)27r2Z)/482 (4)

for T-*0 eqs (2) and (3) become lim CC=C0 and lim Ca=C0.

r-»o r->o

This means that at sufficiently high frequencies of the square-wave alternating

current the surface concentration of the reacting ions becomes equal to that in

the bulk of the electrolyte. These frequencies should not be too high because of

the possible influence of the double-layer capacity. Practically, both the conditions

are fulfilled for the 10—100 Hz frequency region when large values of the amplitude

current densities can be used5-7. According to this, at these frequencies the con

centration overpotential should not appear, which permits us to use the Butler-

-Folmer equation

;a=;'o exp(y)M)-exp(-7)/B).

At higher overvoltages it transforms to the Tafel equations

tjc=2.3 A logOVjo)

7)a=2.3 B log(;A/;o)

for the cathodic and the anodic pulses, respectively.

EXPERIMENTAL

The same system was used as in our recent work2 in order to compare our results to those

of Mattsson and Bockris8 obtained by the galvanostatic single pulses. Experiments were carried

out at 30°. The electrolyte was 0.075 mol/dm3 CuS04 in 0.5 mol/dm3 HaSCX prepared from reagent-

-grade chemicals and triply distilled water. Purified nitrogen was bubbled through the cell before

measurements. The working electrode was a platinum wire previously plated with copper by

a high frequency pulsating potential8 from the same solution. The counter-electrode and the re

ference electrode were made of electrolytic copper. Standard electronic circuitry included a Sto-

neheart potentiostat-galvanostat, a PAR universal programmer and a Nicolet oscilloscope. The

frequency of 100 Hz of the square-wave alternating current was used in all experiments with the

pause-to-pulse ratio of 1.
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RESULTS AND DISCUSSION

A typical response of the overpotential to the square-wave alternating current

is shown in Fig. 1. Overpotentials from these oscillographs corrected for the ohmic

drop are plotted in Fig. 2. The Tafel lines obtained by this method are similar

to those of Mattsson and Bockris8 obtained in the galvanostatic single pulses regime

as well as to our previous results2 obtained in the pulsating current regime.

i 1 r~—i 1 1 r
 

system from 0.075 mol/dm3 CuS04 in 0.5 mol/dm3 H2S04.

In conclusion one can say that the method developed here is an easy way

of plotting the anodic and the cathodic Tafel lines, especially the latter ones, where

the problems concerning the concentration overpotential can be simply avoided.

NOMENCLATURE

2.3/4 — slope of the" cathodic Tafel line,

2.3B — slope of the anodic Tafel line,

Cm — steady state surface concentration at the end of the anodic pulses,

Cc — steady state surface concentration at the end of the cathodic pulses,

Co — bulk concentration,

D — diffusion coefficient,

P — Faraday constant,

j — current density,

j'a — amplitude current density,

j l — limiting current density,

jo — exchange current density,
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k — integer,

m — integer,

t — time

T — period,

z — number of electrons,

S — thickness of the diffusion layer,

tj — overpotential,

7j» — anodic overpotential,

Tjc — cathodic overpotential,

X» — defined by eq. (4).

Acknowledgement. We are indebted to Dr R. Adzic for helpful discussion during the pre

paration of this work.

H3BOJI

EJIHMHHALUiJA KOHU.EHTPAUHOHE nPEHAnETOCTH ITPH OflPE-BHBArfcy

TA*EJIOBHX nPABHX nPABOYrAOHOM HAH3MEHHHHOM CTPYJOM

KOHCTAHTHH H. nOnOB, MHOflPAI" H. MAKCHMOBFTE

TexHOAoiuKo-MeuiajiypuiKU ftutyM&tui, u.iip. 494, 11001 Eeoipad

BJEKOCJIAB M. HAKHH h MHPOCJIAB Jl. CITACOJEBHTi

MHCmuutym 3a ejiexuipoxeMujy HXTM, u.up. 815, 11001 Eeoipad

Jifct je hobh meiojx 3a HcroBpeMCHO cHHMaH>e aHOAHHX h KaTOAHHx Tad>enoBHx aaBBCaociB

y3 nornyHy ejiRMHHauHjy KOHueHTpauHOHe npenanerocra npn Ka-roflHoj noiiapR3aintjB. ripea-

jiOKeim jweTOfl ce 3aciiHBa Ha mnteHHim aa cpe/pt>a crpyja o/ipehyje noBpuiHHCKy KoHU.eHTpau.Hjy

ejieKTpoxeMHjcKH aKTHBHe joHCKe Bpcxe npH pafly ca crpyjaMa npoiweHJbHBor ciwepa h hhtch-

3HTera. CpeAH>a bpchhoct crpyje y cjrynajy npaBoyraoHe HaH3MeHHMHe crpyje jeflHaKa je HyjiH.

ripeiwa TOMe, y o6jiac-rH yiecTaHoCTH rae ce Mory 3aHeMapirra h ocumiauiije noBpnmHCKe koh-

ueHTpaimje h eebeKaT KanainrreTa flBojHor aioja HanoHCKH 0A3HB cncreMa npeflcraBJba *mcry

aKTHBauHOHy npeHanerocr . KopmnheHa je npaBoyraoHa Han3MeHipma crpyja (ywecraHOCT 100 Hz)

3a cjryiaj Tajio>KeH>a h pacraapaiba 6anpa y ejieKipoJiirry ca cyMnopHoiw khccjihhom . J^oChjchh

pe3yjrrara cy y «o6poj carjiacHOCTH ca pe3yjrraTHMa aooHjemiM tcxhhkom noje;unEMHHx raJiBaHO-

craTCKHx nyjiceBa.

(ripHMJbeHO 12. jyHa 1982; peBHflHpaHo 23. ceirreM6pa 1982)
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H3EOP OlrTHMAJIHE CHPOBHHCKE OCHOBE 3A nPOH3BOAH>y

KOMnJIEKCHHX MHHEPAJIHHX -BYBPHBA METOAOM JIHHEAPHOr

nPOrPAMHPAIBA

MHPJAHA ■BYPH'R, MHO^PAT HOBAKOBHTi h APITA^ UIEJI*

TexHOJioiuKii <f>aKy.iiueiu Ynuecpjuiueuia y HoeoM Cody, 21000 'Ho«u Cad u

*HoeocadcKa cf>a6pui<a t)y6puea, 21000 Horn Cad

(ripHMJbeHO 10. iwaja 1982)

Pa,n o6paljyje cTaHflap;my TexHoJiorHjy npoiuBoa&e KoMimeKCHHX mh-

HepanHHX l)y6pHBa, a Ha 6a3H H>e pa3BHja oflroBapajyhH MaTeMarawH MOfleji.

OnTHMH3auHja npoH3BO,nH>e t)y6pnBa nocnoKe ce npHMeHoM jumeapHor nporpa-

MHpaH>a. <t>opMHpaH je opiirHHajiaH pawyHapcKH nporpaiw, npn tieiwy ce paanHKe

y TexHOJiorajaMa nojeaHHHx (pa6piiKa Mory npeBa3Hhii yicii>y^HBaH>eM flOflaTHHX

orpamreen>a. IlporpaM oMoryhaBa HaJia>KeH>e ahcbhhx H3MeHa y HopMaTHBmwa,

3a flaTe BapHjainije KBajiHTeia CHpoBHHa h h>hxobhx ueiia. ITpHMeHOM nporpaMa

OMoryhaBa ocTBapHBaite yurreAa h y cmiaay c thm, nopaer 3apa#e h y cJiynajeBHivia

KaAa je nocJioBaH>e njiaHiipaHO c ry6uuHMa.

Unit Hcrpa>KHBaH>a je (bopMHpaite MaTeMaTHiKor MOflena, a Ha 6a3H H>era

pa^iyHapcKor nporpaMa, 3a ayrojwaTCKo yrBptjHBaibe HopjtaraBa 3a npoH3Bo;ni>y

KOMTUitKCHHX MHHepajiHHx f)y5pHBa, y cKJiafly «a orparoweifcHivia HaMCTnyTHM

ofl crpaHe TpHaraiTa, TexHOJioiuKor nocrynKa h h3 Apyrax H3Bopa, a ca 3aflaTK0M

Aa ce MHHHMH3yjy chpobhhchh tpoiiikobh. KopHiirheH>e nporpaMa he oMoryhHTH

yTBp^HBaH>e nporpaMa npont3B0AH>e KojH aohoch HajBehH ^oxoflaK, Te, flaKJie,

onTHMH30Bara acopTHiwaH (frmiasamx npo«3BOfla, y yaiOBHMa KojH BJiaflajy Ha

TpHamny MHHepanHHx I)y6pHBa koa Hac.

Merofl Ofla6paH sa peaimraanHjy nocraBJbeHor UHJba je jiHHeapHO nporpa-

MHpaH>e, Ha ocHOBy Kojer he 6hth pa3BHjeH opHnraaJiaH ajiropHTaM h paqyHapcKH

nporpaM.

Tecrnpaifce Mo^ejia h nporpaMa, Ha npnMepy je^He oa Hanmx Behnx (paSpmra

I)y6pHBa, Tpe6a aa npy>KH BepH(J)HKannjy Hcrpa>KHBaH>a h OMoryhH aeroBy

npHMeny y npaKCH, uito je Kpajn>H h Haj3HaiajHHjH 3aflaiaK OBor pa^a.

AHAJIH3A PEJIEBAHTHHX TEXHOJIOIIIKHX H flPVTHX nAPAMETAPA 3A

<t>OPMHPAH>E MATEMATHMKOr MOflEJIA

JeAHa oa 3HaMajrorx KapaKTepHCTHKa MeroAe JiHHeapHor nporpaMHpaifea je

noTpeSa 3a yTBp^HBameM KpHTepHjyMa Kojn ce onTHMH3yje (4>yHKUHje uHJba),

npe noneTKa peuiaBaH>a npo&neMa.
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3a npoH3EOflH>y MHHepajnnoc I)y6pHBa thhhmho je bhcoko y*remhe newe

CHpoBHHe y yKyriHHM TpoiuKOBHMa npoH3BOflH>e, 6e3 o63Hpa Ha npHMe&eHH Texiro-

jiouikh nociynaK. H nopea 3Ha*iajHor nopacra ueHe eHepraje y nocne^H>Hx He-

kojihko roflHHa, qeHa cwpoBKHa Hajnemhe npejuauryje 90% cbhx TpoiiiKOBa.

36or Tora, cBaKa MHHHMajma yurrefla y HaSasim cnpoBHHa h onpefleJBHBaH»e

3a ajrrepHaTHBHa je<i)THHHja peuie&a, Ka^a je to Moryhe, 3HanajHO yime Ha u,eay

roTOBor npoH3BOfla h floxoflaK y u.ejn*HH.

Ha ocHOBy HcraKHyTHX TOHbeHHua, 3a <J)yHKiB*jy HHJta o#a6paH je cnpo-

bhhckh TpouiaK, flOK ce ocrajiH (aMopTH3aH,HOHH, eHepreTCKH h pp.) y BHjjy

(j)HKCHor H3HOca ^oflajy, Te Ha Taj navmi y3HMajy y o63Hp npn (popampaay npo-

H3BOflHe H.eHe.

PacuoAOOKuee cupoeune u uodatfu o tbUMa

CHpoBHHe, MaTepnje Koje y ce6n ca#pn<e a30T, <J)oc(})op huh KajutjyM y

ooJiHKy y KojeM je h>hxobo KopHHiheH>e op CTpaHe 6HJba a Moryhe flHpeKTHO,

mm y oojiwcy H3 Kojer ce po capa pa3BHjeHHM tcxhojioiukhm nocrynuHMa Mory

npeBecTH y ynoTpe6jbHBO craH>e, Hajieuihe KopniuheHe y npoH3BOflH>H KOMiuieKc-

hhx MHHepajiHHx l)y(5pHBa cy:

Cupoeune hocuouu cuoiua:

— N-pacTBop, Kojn npeflCTaBJBa NH4NO3 pacreopeH y NH4OH,

— AMOHHjyMHHTpaT, NH^NOaj

— AMOHHjaK, NH3,

— AMOHHjyMHHTpaT Ha Ka^uHjyMKap6oHaTy, NH4NO3 Ha CaCOs,

— KapSaMKfl, CO(NH2)2,

— AMOHHjyMcyjuJjaT, (NH4)2SC>4,

Cupoeune hocuouu fiocip~opa:

— Cynep4)occpaT, Ca(H2P04)2 H CaS04,

— Tpncynepc{)oc4)aT, Ca(H2PC>4)2>

— TpHcynep4>occ})aT, Ca(H2P04)2>

— Ooc<J)opHa KHcejiHHa (P2O5)) HsP04>

Cupoeune hocuouu KcuiujyMa:

— KajmjyMXJiopHA, KC1,

— KanHjyMcyji(J)aT, K2S04,

— JleyiniT,

Cupoeune hocuouu a3oiua u (fioctfiopa:

— MoHoaMOHHjyM<j)oc4)aT, NH4H2PO4,

— ,IjHaMOHHjyM<|>oapaT, (NH4)2HP04.
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ITopea obkx K3Bopa xpaBJfcHBBx ejiexcHaTa, y ynorpefia je 6cuiacm (H2SO4,

MHKpoejieMeHTH, necaK hoi.), Kao popmm cacrojaK hjih cpe#CTBO 3a npeBo^eae

CHpoBime y oGjuuce ca bhcokom ynoTpe6HOM Bpe/jHomhy.

PeneBaHTHH napaMerpH noTpeCmi 3a noniyHO flecpHHHcaae xesmjcKor

cacraea cbhx ynoTpe6jbeHHx CHpoBHHa, Kao h anxoBor yneiirha y ynynHHM Tpoui-

KOBHMa npoM3BOAibe caonurraBajy ce MCMopHja paqyHapa y o6jnn<y nojjaTaKa

o caflpjKajy BJiare, KOHueHrpauHjH xpaHJBHBe MaTepHje (N, P2O5 H K2O) H Ha-

SaBHoj qeaa. H3me,n n&nme ca noflaipwia par je y oflejbKy „MaTeMaTHHKH

Mo^eji h aeroBO peuiaBaH>e".

Kauatfuuiem uoc&pojetba u

iuexHOAOuiKa oepaHunena (ciuexuoMeuipujcKa u eMuupujcxa)

y obom pajjy npeAMCT onTHMH3aiBije je TexHOJiornja jejjHe op BehHX (pa6pnKa

tyytfpHBa y CAI1 BojBO^HHH, Majja ce oHa He pa3JiHKyje mhoto op TexHOJioraja

y ocrajniM (pa6pHK£uvia. TaKolje, Tpe6a HarjiacHTM pa je pa3BHjea MOfleji onurrer

Kapam-epa, jep ra je Moryhe nponmpBTH flo/jaTHHM orpamraeaHKa h npHJiaroflHTH

CBaKOj npOH3BOflH.H.

OcHOBHe onepaunje h nponecn Kojw ce y oflaCp&Hoj TexHOJiorHjH mory

H3MBojHTH cy:

— ripHnpesia h aobo3 rapcrax h tcihhx cHpoBima,

— AyTOMaTCKo jjo3Hpaae (y HeyTparamTop h rpaHyjiaiop),

— 4>H3HqKo-xeMHjcKH npouecH y HeyTpajoraaTopy,

— <I>H3HqK0-xeMHjcKH npouecH h rpaHyjiaujuja y rpaByjiaTopy,

— Cymen>e rpanyjia,

— Xjjaljeae ocyuieHor npoH3BOfla,

— IIpocejaBaH>e h

— ,IJo3peBaH>e roTOBor npc-H3B0fla.

y pajhtM. TeKcry noflpo6HHje he 6hth aHanH3HpaHH canto ohh npouecn KojH

3axreBajy yHomeae a^eXBaTHHX HaTeMarmaCH (popMyjiHcaHHx orpaHHMeaa y

MOfleji.

IIpHnpeMa aipoBHHa cacrojH ce, 3anpaB0, y nuieBeay, yKOjniKo OHe Beh

HHcy y noro/jHOM craay, a, 3araM, TpaHcnopTy noMohy TpaKa, ejieBaTopa hjih

nynuiH po npHXBaTHHX pe3epBoapa (6yHKepa) 3a flHeBHy noTpomay. OBa uh-

aeHHua je paaror 3a yBoljeae npBor TexHOJiouiKor orpaBJMeaa. HaHMe, o orpa-

HHieHOM 6pojy npHXBaTHHX npocropa 3a cMeurraj ^Bpcmx, KHcejiHX tcmhhx

h 6a3HHX Tcnnoc CHpoBHHa HeonxoflHO je BOflHTM paqyHa npn (poproipaay Hop-

MaraBa.

OrpaHJweae y norjieAy arperaraor craaa ynoTpeojbeHHX CHpoBHHa HMa

oiiuith oSjihk:
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KaKo je obo orpamraeifce HeMoryhe yrpaflHTH flnpeKrao y MaTeMaTH*n<H

MOfleji, oho he 6hth oSyxBaheHO cneuHcpHiHHM HHTepBeHinijaMa ynyTap anropHTMa

H HyMepHHKe npoue,qype.

riociie ayroMaTCKor /jo3HpaH>a TeKy <pH3H*iKo-xeMHjcKH npoyecH y HeyTpa-

JiH3aTopy. XejvmjcKH o6yxBaTajy HeyTpajnwaHHjy npHcyTHHX KucenHHa tocthm

aMOHHjaKOM mm aMOHHjaKOM H3 N-pacrBopa h Mory ce omicaTH jeflHa*omaMa :

H2S04+2NH3=(NH4)2S04

H3P04+NH3=NH4(H2P04)

H3 h>hx Henocpe^HO npoH3wia3e crexHOMeTpHjcKH KoecpHunjeHTH, TaKO

fla ce peaKUHje y HeyrpanH3aTopy Mory 36hpho H3pa3HTH y oSjiHKy:

AH2S04 *H2S04+tfP20 XP205= (2*NH3)neutr

<t>H3HHKH npouecH o6yxBaTajy npoMeny arperaTHor CTaita cyncTaimH ycjie/j

KpHCTajiH3aiiHje. 36or Kacimje rpaHyjiaimje noTpe6HO je fla j«aTepnjan nocejjyje

CBOjcTBO iuiaciwiHOCTH, Koje je 3HaTH0 noBehaHo npHcycTBOM Te^me cpa3e, ajui

fla He 3aryuiyje ueBH Ha nyTy jj,o rpaHyjiaTopa.

TaKO ce (popivmpa joui je^HO TexHOjioiiiKO (HCKycTBeHo) orpaiomeifee, Koje

yTBp^yje Me^ycoBHH o^hoc KHcejiHHa:

^P205/XH2S04^Af - ...

3anotieTH (pH3HMK0-xeiwHjcKH npouecH y rpaHyjiaTopy ce 3aBpiuaBajy. Ilpe

CBera, flOflaje ce aMOHHj'aK, Kojn nosehaBa nuacnmHOCT MaTepnjajia h aMOHH3yje

cynep4>oc(paT h TpncynepcpoctpaT. AM0HH3au,Hja je pe3yjrraT noTpeSe fla ce He-

yTpajiHiue cno6oflHa (poopopHa KHcejnma1, irate ce CMaH>yje ca#p>Kaj Te*me

cpa3e, a yBO#H join je^aH xpaHJbHBH ejieivieHT.

CjioSoflHa cpoctpopHa KHcejXHHa H3 KHcejior cyneptpoctpaTa Bpjio 6p30 pearyje

ca aMOHHjaKOM CTBapajyhH MOHoaMOHHjyMtpoccpaT:

H3P04+NH3=NH4H2P04

HeyTpara«3aHHjy MOHOKajiHHjyMcpoc<paTa noTpe6HO je nocMaTpara 6e3 h ca

KajmHjyMcyjicpaTOM :

Ca(H2P04)2+NH3=CaHP04+NH4H2P04

NH4H2P04+NH3=(NH4)2HP04

npH BeheM creneHy aMOHH3auHje P2O5 ce npeBOjn* y Man>e pacraopHe

oSjiHKe, Te je noTpe6HO o6a3pHBO oflMepHTH oflHOC cojih h aMOHHjaKa.

AMOHH3auHja Ca(H2P04)2 y npHcycrBy CaS04 HMa oSjihk:

Ca(H2P04)2+2CaS04+NH3=CaHP04+NH4H2P04
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NH4H2P04+NH3 =(NH4)HP04

(NH4)2HP04+CaS04=CaHP04+(NH4)2S04

H y obom oryiajy noTpe6HO je na>KJBHBo oaaSpara o/htoc aMOHHjaKa h

cojih. 3a er3aKTHO peiuaBaite OBor npo6jie!wa HeonxoflHO 6h 6hwo Hcrpa)KHTH

MexaHH3Me HaBe^eHHx peaiajHja. V nparaBHOM, Mopajy ce ycBojHTH HCKycrBeHH

oahoch, kojh ce y MOfleji yrpaljyjy y BH^y orpaHHqei&a :

(a Sp)dX SP+ (a T Sp)d * T SP < (2*NH3)gran (1)

(aSp)g*SP+(aTSp)g*TSP—(2*NH3)gran (2)

JeflHa<niHa (1) (popiwyjiHiue flOH>y, a (2) ropa>y rpaHHuy aMOHH3aimje.

OcTajie onepaujije : cymeae, xnal)eH>e rpaHyjia, npocejaBaube h fl03peBaH>e

He 3axTeBajy noceoHO MaTejuaTiWKo HCKa3HBaH>e, ochm uito je fl03BOJi>eHa BJiaaoiocT

roTOBor npoH3BO^a on 2% y3era y o63Hp npa (popMyjiHca&y je^HaTOHe MaceHor

SHJiaHca.

3axtueeu uipwcuuttua (uompoiuaua)

JyrocjiOBeHCKO Tp>KHiHTe imje CHaS^eBeHO flOBOJbHOM kojowhhom BemraMKHx

r)y5pHBa h HHKaKBa orpainraeifca y norjie^y rmaciwaHa He nocToje. C apyre crpaHe,

Kano cy noTpe6e nojbonpHBpeflHe npoH3BOflH>e 3a pa3JiHHHTHM Bpcraiwa I)y6pHBa

BejiHKe h HenoniyHO 3aflOBOJbene, He nocrojH (npaBa) MoryhHOcr 3a orrrHMH3aH.Hjy

acopniMaHa npoH3BO.ua. CneKTap roTOBHx npoH3BO,n;a yTBp^yje ce y floroBopy

ca nojbonpHBpeflHHM npoH3BoI)aqHMa, TaKo #a ce h>hxobhm noTpe6aMa H3Jia3H

y cycpeT, na h Ta#a Ka^a to cpa6pHKaMa yMecro 3apa^e aohoch ry6nTKe. 36or

Tora flpyuiTBO HacTojH fla KOMneH3yje pa3jun<y, Te ce c npaBOM Aiowe pehH aa

Ha TpHotuny MHHepajiHHx !)y6pHBa He BJiaflajy CTBapHH tp^khiuhh oahoch.

KaKo cy 3a pa3Boj 6njbaKa ofl HenocpeflHor SHa^aja: a30T, 4>occ})op h KajmjyM,

to ce y cb£ikom KOMnjieKCHOM t)y6pHBy Mopajy HahH y o^peljeHOM oflHocy, H3pa-

H<eHOM y npoi^eHTHMa: N, P2O5 h K2O. TaKo nocroje npoH3BOflH: 15:15:15,

15:15:10, 8:24:16, 17:13:10 h «p. .

OBaj noflaTaK, TaKoI)e Tpe6a caonurraTH pa*ryHapy, KojH he ra yrpa^HTH

y oflroBapajyha orpaHHHeH>a h flara HopiviaTHB 3a CBaKH npoH3BOA.

PA3BOJ LP nPOrPAMA

AjiropHTaM npeftioweH 3a peiuaBan>e nocraBJteHor npo6jieMa, Kao n pa*ry-

HapcKM nporpaM, 3acnoBaHH cy Ha peBHflHpaHoj Simplex npoueflypH, iron «reiviy

je HH3 npo6jieMa peuieH Ha opHmnajiaH HaiHH, y CKJia^y ca cnein«J)HMHOCTHMa

npoH3BOflH>e J)y6pHBa2_4.

y Bpjio onuiTHM upTaMa, ajiropHTaM (Ha cji. 1) 6Hhe y flajbeM TeKCTy oSjaiu-

H>eH. Ha caMOM nowe-ray pe3epBHuiy ce Mecra y MeiwopHja 3a HH3 Beicropa h flBe

MaTpHue, ofl KojnX je HeKe noTpe0HO TpajHO catryBara (MaTpmry KoecJ)HHHjeHaTa



522 ЂУРИЂ. НОВАКОВИЂ н ШЕЛ

оригиналног система једначина, векторе коефицијената у функцији циља

и критеријуму w и сл.), а остали варирају са сваким итерационим кораком.
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General algorithm for the

Слика 1 Figure

e производње минералних ђубрива методом LP

optimization of fertilizer production by using LP

Након тога учитавају ce подаци, a затим штампа оргинална табела коефи-

цијената у неједначинама и једначинама ограничења и низ коефицијената

у функцији циља.

Нулта инверзна матрица припрема се убацивањем јединица у дијагоналу

и нула у почетни вектор 7t-Simplex множитеља.

Следећи значајан корак у алгоритму је генерисање изравнавајућих

променљивих и њихово уношење у прво базно решење. Тестом се утврђује

да ли почетни базис чине само изравнавајуће или је неопходно увести и про-

менљиве које су вештачке. У зависности од тога процедура се рачва у два
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caepa. Je^aH boaB Ka nperxo^HOM CBofjeity 36wpa BeuiTaiKHX npoMenn>HBHX

Ha HyjjH, a flpyra anpeKTHO Ka omnMH3aijHjH (}>yHKUHje uHJBa.

y npeoM cjiyqajy noHemm 6a3Hc ce flonyitaBa BemTaHKHM npoMeHJbHBHiw.

IIlTaMna&e KOMiuieTHe TaSene, 3ajeflHo ca yBefleHHM npoMenm.HBHM Bejra^mnaMa,

oMoryhaBa npoBepy HcnpaBHOcra nocrynKa, HaKOH vera 3anomm>e npBa dma

onTHMH3auHje (cBO^eae KpHTepajyivu w Ha Hyjiy).

5-Ta KOJiOHa, pejieBaHTHa 3a flajty npoue,aypy, ofla6npa ce Ha 6a3H Haj-

HeraTHBHHje BpeflHocra Koe^HUHjeHaTa y (JjyHKijHjH w (rfmin)j a 3aTHiw ce c-Apetjyje

r-ra pe^, Ha ocHOBy HajMaiter KOJUWHHKa b \a.

MHHHJHH3aipija (J)yHKHHje w HacraBJba ce y aieaeheM HTepauHOHOM Kopany

h OBaj nocrynaK noHaBJta CBe ao nocm3aH>a w=0. y tom TpeHyTKy yjia3H ce y

Apyry cpa3y - (jmy oirrHMH3aHHje <j)yHKD,Hje UHJta h nporpajw OBfle cnaja ca rpaHOM

ffHpeKTHe onTHMH3auHje. H36op s-Te kojiohc ca#a ce BpuiH noMohy AWHHiwajiHor

Koe<J)HiD^jeHra (Cmm) y (JiyHKHHjH uiuba, a 3aTHM 6Hpa r-ra pea h nporpaM opHjeH-

THiue HCKJi»y*iHBO Ha noHaBJi>aH>e obhx Kopana, j\o nocnraaifca KOHa*mor peiueaa,

HaKOH Hera ce npHcryna aHajni3H pe3yjiTaTa h AHCKycnjH ao6HjeHor peuieH>a.

MATEMATHMKH MOJIEJI H IfcErOBO PEIUABAIfcE

Ha ocHOBy Hanpefl H3Herax orparameH>a (chpobhhckhx, tcxhojioiukhx,

TpjKHuiHHX h flpynoc) Morao 6h ce dpopMyjmcaTH MaTeMaranKH Mo^eji npoH3BOflH>e

KOMnjieKCHHX MHHepajiHHX ^yopHBa, cacraBJteH cfl hckojihko rpyna je/nramiHa

H HejeflHaHHHa, Ca MHHHMH3aU,HjOM CHPOBHHCKHX TpouiKOBa Kao (pyHKI^HJOM

mm.a:

a) JeflHaqHHa MaceHor 6njiaHca

2%j=0,98

i-i

b) JeflHatnme 6HJiaHca xpaHJbHBHx cyncraHUH

VniXs=N; ^plXs=P; % kiXi=K

i-i i-i i-i

C) KHCejlHHCKH OflHOC (npH HeyTpajIH3aHH]H)

*H2 SO 4 /*P20 5 <M

d) BanaHC aMOHHjaKa (npn HeyTpajiH3auHjn h aMOHTOauHjH)

aH2S04*H2S04+aP205XP205+(«Sp)d *SP+ (<*TSp)d *TSP<!*NH3+» *nb.

flH2S04*H2S04+aP205*P205+(tf Sp)g *SP+ (aTSp)g *TSP^*NH8+>» #NR
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e) Orpamwe&e ynoTpe6jberax KOJiHiraa

*KB<(x<1oz)kb (3)

(4)

n

2] Cj xj=min.

FIoTpe6HO je HanojweHyTH #a cy nocjieflHba flBa orpamweBba (3) h (4) yiofcy-

ieHa y MOfleji HaKHa#HO h racy nocjieflima tcxhojioiukhx 3axreBa. HaHAie, y

TOKy npoBepe nporpaiwa Ha npHwepHMa 3anajKeHO je yrpa!>nBaH>e y HopjiaraB

Behroc KOjmraHa Kap6aiHHfla h ajworajyMcyjKpaTa, 36or H>HX0Be hhckc ijeHe.

Kano je, Me^yrajw, tjyopHBO ca Mnoro Kap6aMHfla XHrpocKonHo, a bhcoko yveiuhe

ajwoHHjyMcyjicpaTa 3Ha^iajH0 noBehaBa KOjmraHy qBpcre dme, y HopMaraBy Heon-

xoflHe cy HHTepBeramje (3) H (4).

KoHa^mo, y npHJiaroljaBaBby MOflejia peajiHoj npoH3BOflH>H, ytnnteHH cy

nocjieflBbH HanopH y uHJby HcmbyraBaaa ynoTpe6e Beher 6poja CHpoBHHa jeAHor

arperaTHor craiba o/j Spoja oweiHTajHux npoorepa 3a Te cyncraHue.OBaj 11 po6ji :m

peuieH je Ha cneaehH HaraH. HaKOH ywraBaH>a noflaTaio o arperaraoM craiby

cbhx pacnojio>KHBHX cnpoBHHa Hajia3H ce (Hyjuo) onTmnanHo peiueH>e. Ykojimko

oho caflpnai BHiue op, fl03BOJbeHor 6poja cnpoBHHa ncror arperaraor craH>a 0,0.

6poja CMeuiTajHHx npocropa, Bpum ce ejiHMHHaraja H3 6a3e OHe cnpoBKHe, y

hctom CTa&y, rajn je .nonpHHoc yKynHoj ueHH npoH3Bo;ja HajMaH>H, nora3aH>ei«

ueHe Ha Bpjio BeraKy BpeflHOcr. OBa HHTepBeHHHja noHaBjia ce ro CBol)eH>a

6poja Ha 3a#aTy - fl03B0Ji>eHy BpeflHOcr, Ka#a ce Simplex npoueaypa noHaBJBa

ca H3MeH>eraM ueHajwa „cyBHUJHHx" cyncraHUH, rai«e ce nocra>Ke >KCJbeHO cy-

H<aBaH>e peiueH>a.

BepH(J)HKaraja ' nocTaBJbeHor Moaejia H3BpmeHa je Ha nprowepy MerapH

Bpcre KOMnJieKCHHx IjySpHBa, Koja 3ay3HMajy 3HaqajH0 Mecro y npoH3BOflHHM

nporpawHMa BehHHe 4>a6pHKa5: 15:15:15, 8:24:16, 10:15:20 h 17:13:10.

KBajurreT ynoTpe6^>erax cnpoBHHa npe3enTHpaH je y Ta6jiHra I, a oiith-

ManHa peuieH>a ao6HjeHa Ha 6a3H MOfleuia H3Jio>KeHa cy y Ta6rauH II.

Heiwa cyMite aa cy tierapH HopiviaTHBa (TaSjinua II) flo6njeHa pemaBaH>eM

MOflejia, HcnpaBHa h na hx je Moryhe peajiH30BaTH. IIpaBa oueHa h.iixobc Bpea-

hocth flo6Hhe ce HaKOH oGpawyHaBa&a aoxoTKa KojH ce MOM<e ao6hth no CBaKoj

tohh peajiH30BaHor npoH3BOfla.

JXoQht 3a nojeflHHH npoH3Boa o^pefiyje ce i<ao pa3Jim<a npoH3BO#He h

((pa6praKe) npoaajHe ueHe. Y npoH3BOflHy ueHy, nopeg chpobhhckhx, y6pajajy

ce h ocrajiH TpouiKOBH (eHepntja, pa^Ha CHara, aMopTH3araja onpeiwe h cji.),

KojH ce floflajy y (pHKCHoiw H3Hocy (oa 1941,368 d/t):

AHAJIH3A PE3YJITATA H 3AKJbYMAK

^=2r8+2ro=08+1941,368 d/t.



TAEJIHUAITABLE

IloflauH3aorrrnMH3auHjynpoH3BOAH>eNPKrjyCpHBaMeroflOMLP
DataforNPKproductionoptimizationbylinearprogramming

rpamma

orpamweita,Productionconstraints

Topita Upper limit
0,05 0,09 0,239

0,347

4

0,05
0,2

3 2 2

0,02<2>NH3/*SP<

2>NH3/XP20S=

ZnH3/«H2S04= *H2S04/Xp205<

XKB< *AS<

I

JXoH>aHspu

LowerExpression 0,05<xnhs/xtsp<

TexHonouiKa

rpamma
limit

HeyTpajiH3auHja HeyrpajiH3auHja koji.KapSaMHAa
—Temnixkhc.

—TeMHHX6a3.
Orpammeifee

Constraint
AMopTH3aitHja

A,MOHH3aUHja

TSP KHcenHHa

J[o3BOJi>eHa JIo3BOJi>eHa

koji.AS

jl03BOJbeH

HBpCTHX

SP

p2o5 H2S04

Oahoc

6poj:

1. 2. 3. 4. 5. 6. 7. 8.

6,20000 10,31722 3,55979 3,38945 9,31799 23,81700 3,69457 2,30700

properties
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CupOBHHa

Rawmaterial
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2.NH4NO3

3.NH3
4.KAN

5.AS

6.KapSaMHfl

7.SP

8.TSP
9.P2Os 10.MAP 11.DAP

12.KC1
13.K2S04

14.H2SO4

15.Bajiacr



TAEJIHUAIITABLE OlITHMajIHHHOpMaTHBH

Optimalnormative*

HopMaTHB3anpOH3BOA Normativeforproduct

15:15:15

Rawmat.
costd/kg

HopMantB38npOK3BOA Normativeforproduct

8:24:16

HopMaTHB38npoH3Boa Normativeforproduct

10:15:20

HopMaTHB3BnpOH3BOA Normativeforproduct

17:13:10

Kojui'iHna
Masskg

0,35270 0,12384 0,12624 0,16667 0,16844 5,60947

CnpoBHHa

Rawmaterial 1.N-PacTBop

2.SP
3.TSP

4.KC1
5.HaS04

Ko/IHMHHa
Masskg

0,20747 0,15798 0,20719 0,01481 0,33333 0,05921 5,53659

CnponHHa

Rawmaterial 1.N-PacTuop

2.SP

3.TSP
4.P»Ot

5.KC1

6.H2SO<

KojiiraHHa
Mat*kg

0,15322 0,00750 0,12103 0,43158 0,26667 6,78119

CHpOBHHa

Rawmaterial 1.N-PacTBop

2.NH, 3.SP

4.TSP
5.KC1

Kojunma
Masskg

0,31120 0,03035 0,22080 0,03353 0,25000 0,13412 6,04551

CnpOHHHU

Rawmaterial 1.N-PacTBop

2.SP

3.TSP
4.P2O3 5.KC1

6.HaS04

TpOUIKOBH
CHpOBHHe
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C APyre crpaHe, ueHa roTOBor npoiraBoaa yrBpljyje ce Ha 6a3H KOHHeirrpa-

HHje xpaHJbHBHx eneMeHffra h H3BecHor 4>HKCHOr H3Hoca-KOMneH3aipije (oa

930 d/t):

5=19 367,0 +20 980,75 P+8 231,0 JC+930,0 d/t.

IIopef)eH>e npoH3BOAHe h npoaajHe ueHe 3a lerapH aHajiH3HpaHa npoH3Boaa

(Ta6jiHna III) nona3yje as je pa3JiHKa y cbhm cnyqajeBHAia no3HTHBHa, npn ieiwy

je ampHjgfi HajBeha Ha npBOM (15:15:15), a HajMa&a Ha Apyroiw npoH3BOfly (8 :24 : 1 6) .

Ka^a ce Hiwa y BH^y aa cy CBe (paSpnne rjyopHBa nocnoBajie y nperxoAHoj

1981. roAHHH ca ry6nu,HMa oa hckojikko fleceraHa ituuiHOHa AHHapa, a ryGHTKe

cy EtnaarapajK h 3a cmy 1982. roAHHy, o«nH\JieAHO je #a pa3BHjeH nocrynaK onra-

MH3anjijc npy>Ka Bonnce MoryhHOcra 3a npeBa3HJia>KeH>e HeAocraTaKa CMnHpwjcKe

H3paAe HopManiBa.

KaAa ce cacraB ynoTpefjjfeeHHX CHpoBHHa H ocrajie anxoBe KapaKTepncTHKe

cBaKOAHeBHO xeoajy, HeonxoAHO je ycnocraBHra Be3y H3i*er)y dpa6pm<a h Hcrpa-

HCHBaqa, qnjH 6h 3aAaTaK 6ho H3paAa oirrHMajmHx HopMaraBa npH CBaKoj asKeuH

napaMeTapa npoqeca.

OBaKBa TpajHa capaAH>a Sana 6h npaBH npHMep peajnraauHje Hfleje o no-

BC3HBflH>y Hayne h npance H Kopmuheay caBpeMeHHX McroAa y njiaHHpa&y h

Bo^eBy npoH3BOAH>e.

TABJIHUA III TABLE

AHura npodjirra — Profit analysis

IlpOH3BOAHa npoaajHa

ripOH3BOfl qeaa aeaa 3apaaa

Product Cost of products Selling price Profit

d/t d/t d/t

1. 15:15:15 7986,88 8216,81 229,93

2. 8:24:16 8722,56 8831,70 109,18

3. 10:15:20 7477,96 7660,01 182,05

4. 17:13:10 7550,84 7772,99 222,15

Ha ocHOBy CBera H3Jio>KeHor MOHce ce 3aKJbyroTH fla cy y OKBHpy oBor

HCijMDKHBa&a pa3BHjeHH MOAeji, ajiropHraM h payyHapcKH nporpaM 3a ayroMaTCKo

OApe^HBaHie orrntMajiHux HopwaraBa KOMiuieKCHHx MHHepajiHHx rjySpHBa, bhcokc

npaKTH«ffle BpeAHOcra, *mja 6h npHiweHa y npaKCH jyroaiOBeHCKoj npHBpeAH

AOHena BejiHKe yiirreAe.

KOPHuTREHE 03HAKE — NOTATION

A — npoH3BOARa uena [d/t], cost of products, dinars per tonne

AS — oaHaKa 3a (NH4)»S04, sign for (NHO1SO4

B — npoAajHa uena [d/t], selling price

C — ueiia chdobkhc [d/kg], raw material cost

Koed>KKH)eirr y 4>yHKUHjH umta, objective function coefficient
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DAP — o3HaKa 3a (NH^aHPCi, sign for (NH4)2HP04 ■•.

if — yfleo K2Q y npoH3BOfly, fraction of K2O in final product .....

KAN — 03HaKa 3a NH4NO3 Ha CaC03, sign for NH4NO3 on CaC03

M — eMnHpHjcKM KoecpHqHjeHT, empirical coefficient- ..

MAP — 03HaKa 3a NH4H2P04, sign for NH4H2PO4

N 1— yfleo N y npoH3Bo;ry, fraction of N in final product. >.. : •

6poj pe3epBoapa 3a ciipoBHHe, number of reservoirs for raw material •

NR — 03HaKa 3a N-pacTBop, sign for N-solution . ,

P — yfleo P2O5 y npoH3BOfly, sign for P2O5 in final product

SP — 03HaKa 3a Ca(H2P04)2 h CaS04, sign for Ca(HaP04)2 and CaS04

TSP — 03HaKa 3a Ca(H2P04)2, sign for Ca(H2P04)2

a •— KoediHUHjeHT, coefficient

i ■• ' — KOHcrairra, constant

d — Koed^HinajeHT y <byHKLuijn tv, w function coefficient

k — yfleo K2O y chtjobhhh, fraction of K2O in riw material ... .

n . , — yfleo N y chpqbhhh, fraction of N in raw material , ,x. _ ...

p — yfleo P2O3 y CHpoBHHH, fraction, of P2O3 in raw material . .■ , ,

to — cyiwa BeuiTawHX npoMeHJbHBHX, sum of artifical variables

x — KOJiHMHHa cupoBHHe [kg], raw material quantity

z — CKpoBHHCKii TpouiaK fd/t], raw material cost

— Simplex MHOH.HTe», Simplex multiplier <•

HhdeKcu, Subscripts

am — aMOHHjaiaiH, ammoniacal .......

b — 6a3aH, base
c — MBpcT, solid 1 •• »".•■ *

d — flOH>a rpaHHua, lower limit

doz — fl03BOJbeH, allowable

g — ropita rpaHHua, upper limit

k — KHceo, acid

min — MHHHManaH, minimal

o — onepaTHBaH, operative

S — CHpoBHHCKit, raw material

SUMMARY

OPTIMAL RAW MATERIAL ASSORTMENT DETERMINATION FOR COMPLEX

MINERAL FERTILIZER PRODUCTION BY LINEAR PROGRAMMING . . '

MIRIANA DURIC, MIODRAG, NOVAKOVlC and ARPAD SBL*

Faculty of Technology, Novi Sad University, YU-21000 Novi Sad and *Fertilizer Factory,

YU-21000 Novi Sad, Yugoslavia

The paper considers the standard technolcgy of production of complex mineral fertilizers.

Based on this analysis an adequate mathematical model is developed. The fertilizer producton,

optimization is realized applying linear programming. An original computer program is developied

where the differences in technologies in the particular factories might be taken into account by

means of additional limitations. The program offers daily changes in normalives, for given variation-

in raw material characteristics and prices. Application of the program has proven savings and cons

sequently, profit increase even in cases when the existing production had calculated losses.

(Received 10 May 1982)
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rAacHUK XeMujcKOz dpyiuiuea Eeoepad je zaocuao CpucKOZ xeMitjcKOi dfyitnuta

u jeduoepeMeHo nayuHU uacouuc 3a meopujcxy u upuMetbeny xeAtujy yHueep3uuie-

uid y Eeoepady, Hosom Cady u Kpaeyjeeify u HHctuuiuyiua 3a xejuujy, uiexHOAO-

eujy u MeuiaAypeujy, Eeoepad. JJ,eo uipoiuKoea luiuaMuaiba uacoiiuca uoKpueeu je

doupuHOCQM Peuy6nuHKe 3ajednuife nayxe Cp6uje u CaMoyupame uHiuepecne 3a-

jednutfe 3a naynnu pad Bojeodune

rnacHBK Xe.MHjcKor apyiiiTBa Beorpaa. o6jaBJbyje mcccwo opiiriuiajine Haywe paflOBe

H3 o6jiacTH TeopHjcKe h npiLweibeiie xe.vmje Ha emviecKOM, HeMaMKOM, pycKOM, cpncKoxpBaTCKOM

h (ppaKiiycKOM je3HKy. PyKoimce y flBa npn,«epi<a cjia-rii Ha ajjpecy : ripo4>.Gno6oflaH PnSHHKap,

HHCTHTyT 3a cpH3Hm<y xeivmjy, npiipoflHO-MaTeManmKii (paKyjiTeT, GryfleHTCKH rpr 16, 11000

Beorpafl.

Ueiia roflioiiibe npemnaTe Ha qaconuc 3a MJianoBe JXpyuiTBa H3H0CH 150 a 3a CTyfleirre

100 ahh.j 3a ocrane, Kao h npefly3eha h ycraHOBe ueHa H3Hocn 800,00 mm. YnjiaTe ce Mory

H3BpuiHTH Ha >Knpo-pawyn 60803-678-5738, hjih y KanneJiapnjn flpyurrea, KapiierHj'eBa 4/III,

Beorpafl.
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nOBOflOM nEflECETOrOflHUUfcHUE o.n; CMPTH

pp MAPKA JIEKA

ripe neneceT roflHHa, 4. HOBeiviSpa 1932. roauHe, yMpo je y Eeorpaay hhhuh-

jaTop h jeAaH op ooniBaia CpncKor xejvuijcKor apyiiiTBa pp MapKO JleKO. Iloiirro

je 3aBpuiHO <J>eflepajiHy nojiHTexHHqKy uiKOJiy y ijnpHxy h 6ho capaflHHKa B. Ma-

jepa h A. XcxpMaHa, M. JleKO ce 1879. roflHHe Bpaha y CpSnjy, rpe je 3ay3HMao

„BHflHO h HacHO Mecro Kao je^aH op ocHHBa^a cpncKe xeMHjcKe HayKe, Cpncnor

xesmjcKor npyuiTBa, peopraHH3aTop JtpH<aBHe xeMHjcKe jia6opaTopHje h nyro-

roflHiinbH ynpaBHHK neaHH, Haj3an Kao jeflaH op npBHX Kojn ce cHcreiviaTCKH

Aao Ha HcnHTHBaae rojieMor pyjnror Sjiara npeflparae CpSnje". ToflHHe 1897.

15. HOBeniSpa, oh je noKpeHyo „nHTaH>e ocHHBaita CpncKor XeivumapcKor Yflpy-

H<eH>a" ca inuBeivi Aa ce Ha ceflmmaMa caonuiTaBajy pe3yrrraTH pa^oBa „KojH po-

npHHOce pa3BHTKy HayKe, Aa ce roBopn o nmaHiHAia xeMHjcKe HacrraBe, o pa3BHTKy

xeMHjcKe crpyKe y CpSHjn h ypetjeay nojiowcaja cpncKHX xeivumapa".

TnAie je oh, 3aje«HO ca hckojihko xeMHMapa, nocraBHO TeMejte Cpncnor

xesmjcKor flpyuiTBa, noje aaHac OKyiUBa oko 2500 qjiaHOBa Ha CKopo hcthm 3a-

Aaujuvia Kao h ohh, Koje cy nocTaBmui H>eroBH ocHKHBaw. 3aT0 ce uiaHOBH Hauler

flpyuiTBa, Koje iyBa ycnoMeHy Ha CBor ocHHBaua pp Mapna Jlena, cehajy ca 3a-

XBarmoiuhy H»eroBor pa^a Ha pa3Bojy xeMHjcKe HayKe y Hac.
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Early work on oxygen reduction in acid solutions

Kinytcs and mechanism at high current densities

Recent work on oxygen reduction in acid solutions

Kinetics and mechanism in alkaline solutions

Coverage with oxygen species as function of v and pH

Changes of pH dependences from acid to alkaline solutions

Composite v-log» diagram for the entire pH range

Some concluding remarks

INTRODUCTION

In electrode kinetics, few reactions have special significance. These include

hydrogen reactions, deposition and dissolution of metals and oxygen reactions.

Oxygen reactions, in particular, are important both from the practical and the

theoretical viewpoints. The oxygen reduction reaction itself is sufficient to illustrate

this. The greatest loss of energy in a H2—O2 fuel cell arises from the sluggishness

of the oxygen electrode. The hydrogen electrode functions quite satisfactorily.

It is fair to say that the future of fuel cells is closely tied to the success or failure

in the development of new, fast, catalytic oxygen electrodes. What is lost due to

poor catalysis cannot be regained by any engineering, however ingenious, of new

electrode systems. Studies of electrode reactions including catalysis must, in our

view, precede such engineering endeavor.

However, our knowledge of the oxygen electrode reactions is very limited.

Oxygen reactions are more complex and less understood than hydrogen reactions.

* This paper is based in part on the lecture presented by A. Damjanovic before the Electro

chemical Section of the Chemical Society in Belgrade, June 17, 1981.
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If one considers oxygen reduction to water only, four electrons are required to

complete the reduction compared to two required for the hydrogen reaction. Con

sequently, there are many more reaction paths and possible rate determining

steps in oxygen reduction than in hydrogen reaction. Certainly, this is not the

only reason why the oxygen reduction is more complex and less open to theoretical

studies than hydrogen reactions. The oxygen reaction is highly irreversible and

the kinetic measurements are usually made at high overpotentials without benefit

of measurements close to the reversible potentials. Further, until about 20 years

ago, it was not realized that the reduction at even the most studied electrode,

Pt, critically depends on whether the electrode was initially anodically pretreated

or not1. In Fig. 1 the drastic difference in the kinetics of oxygen reduction is shown
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Fig. 1. F-log i relationships for O2 reduction in 1 mol/dm8 HCIO4 solutions.

A : prereduced electrode, • : oxide covered surfaces, O : points starting from the

reversible potential, O : points obtained by reversing anodic current and fast meas

urements1.

between a Pt electrode which was initially anodically pretreated and a Pt electrode

cathodically prereduced. Not only are the rates at a given potential different,

but so are the mechanisms at these two electrodes. Thus, the Tafel slope at the

anodically pretreated electrode is —120 mV/decade, while at the cathodically

pretreated electrode it is only — 60 mV/decade. Further, at the prereduced elec

trode, it is not possible to extend the linear Tafel relationship above about 1 .0 V vs.

RHE. As the current density is gradually decreased below about 10-6 A/cm2,

a steady state potential is established. On the anodically pretreated electrode,

the linear Tafel relationship can be extended to lower current densities, e. g. 10-8

A/cm2, and higher potentials, e. g., 1.1 V. It was previously suggested and recently

confirmed, that anodically pretreated electrodes are covered by a thin oxide film

which affects both the kinetics and mechanism of the reduction1-2.
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Platinum is not the only metal which in the region of oxygen reduction may

become oxide covered. In fact, many metals will be covered by anodic films which

will affect the reduction kinetics3. In any study of oxygen reduction it is, there

fore, necessary to define the electrode surface. Because of the lack of such a defi

nition some earlier literature data and their interpretations must be considered

invalid.

Once the importance of oxygen reduction for the fuel cell technology was

realized, a substantial effort was launched to study oxygen reduction and signif

icant progress was made in our understanding of this reaction. A large part of

the work which led to this progress was initiated in early 1960 at the University

of Pennsylvania in the Laboratory of Professor Bockris. Subsequently, the work

was extended and carried out at other locations and lately at the Faculty of Techno

logy and Metallurgy of the University of Belgrade.

Platinum, as the most widely used catalyst in fuel cells, has naturally been

the most studied electrode. Today we know more about oxygen reduction at plat

inum than at any other metal or metal oxide electrode. This presentation deals

with the kinetics and mechanisms of oxygen reduction at the platinum electrode

and is based, to a large extent, on the studies carried out at the University of Pennsyl

vania and the University of Belgrade. From a technological viewpoint, oxygen re

duction at oxide-free Pt electrode is more important than the reduction at oxide-*

-covered electrodes. In a practical system, such as a fuel cell, even if an oxide

film is initially present at the electrode surface, it will slowly reduce and the electrode

will become „oxide-free". Because of this we shall restrict our discussion to the

kinetics and mechanisms at these electrodes.

EARLY WORK ON OXYGEN REDUCTION IN ACID SOLUTIONS

Brusic4 was the first to determine the steady state kinetics of oxygen reduction

at prereduced platinum electrodes under controlled conditions of solution purity

and electrode pretreatment. In the current density region from about 5 x 10-7

A/cm2 to about 3 x 10-4 A/cm2, she observed well defined Tafel lines with slopes

close to —60 mV/decade. From measurements at only two pH's, she also deter

mined the pH dependence in acid solutions (Fig. 2). As pH increases from 1 to

2.2, the potential at a constant current density decreases not 60 mV/pH or 120

mV/pH, as expected, but 90 mV/pH, i. e.,

The dependence of the reaction rates on the partial pressure of oxygen, which

she also determined, was normal and expected for the Tafel slope of —60 mV/decade.

At any constant current density and given pH, the potential decreases 60 mV

per tenfold decrease of partial pressure (Fig. 3), i. e.,

The overall rate of oxygen reduction was therefore given by the following equation :

dV/dpH =-2.3-3RTI2F. CD

dVjd log p0l = 2.3 -RTIF. (2)

i = k' p0, [H+F2 exp (-FVIRT). (3)
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The key problem in the analysis of these data was to explain the fractional reaction

order with respect to hydrogen ions. Such a fractional reaction order cannot be

accounted for with the classical theory of kinetics of consecutive reactions. A frac

tional dependence would imply that every hydrogen ion participating in the overall

Fig. 2. V-logi relationships

at a prereduced Pt electrode

in HCIO4 solutions,

x: pH = l,o: pH = 2.2*.

 

-7 -6

log I 0 in /Urn2]

process of oxygen reduction is split into two parts. One part would reach the final

product via the rate determining step, while the remaining part would bypass

the rate determining step (cf. Ref. 5, p. 180).

Fig. 3. Influence of oxygen

partial pressure on the

kinetics ofO2 reduction.

a: 1, b: 0.3, c: 0.1, d: 0.03

and e: 0.01 in Pip0*.

 

On the basis of these results, obtained at two pH's, Brusic offered a unique

explanation for the fractional reaction order and proposed a mechanism for oxygen

reduction at the oxide-free platinum electrode in acid solutions. The mechanism

was based on the assumption that the kinetics was critically affected by adsorbed

oxygen species and reaction intermediates and that the coverage by these species

and intermediates varied with pH and electrode potential.

In acid solutions oxygen is adsorbed at prereduced platinum electrodes at

potentials anodic to about 0.7 V vs. RHE [4.6—9]. Coverage with adsorbed oxygen
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species depends on the electrode potential and is the same irrespective of whether

the solution is saturated with oxygen or not4. In the potential region of the Tafel

lines obtained by Brusic, the coverage varies from about 0.0 at high current den

sities to about 0.3 at low current densities. At these intermediate coverages, lateral

interaction is expected between adsorbed oxygen species which results in a change

of energy of adsorption with coverage4-10-11. Consequently, a Temkin, rather than

a Langmuirian condition of adsorption is expected. Any change in the energy

of adsorption will, in turn, affect the kinetics of oxygen reduction by changing

the activation energy in the rate determining step.

Brusic suggested that in the sequence of the reaction steps

the first charge transfer step was rate determining. Here, S stands for a site at

the metal surface, and S . . . O2 represents a weakly adsorbed oxygen molecule

at such a site. For this step as rate determining the following rate equation can

be written irrespective of whether the Temkin or Langmuirian condition of ad

sorption with oxygen species is operative:

Of course, for Langmuirian adsorption, the activation energy, AGe*, will not

depend on the surface coverage. For Temkin conditions, AGe* will be a function

of coverage. On a first sight, this equation does not satisfy either the observed

pH dependence or the observed Tafel slope.

To overcome this apparent discrepancy, and still retain the first charge

transfer as the rate determining step, Brusic assumed that AG6* varied linearly

with coverage4, i. e.,

As the coverage with oxygen species, 6, which includes reaction intermediates

formed in the rate determining and subsequent steps, decreases, AGe* decreases.

At zero coverage the activation energy is AGo*. This is illustrated in Fig. 4 with

the potential energy profiles for reactions and products in the rate determining

step at three coverages including the zero coverage. The parameter a is a symmetry

factor, and r gives a measure of the change of the energy of adsorption of inter

mediates formed in the rate determining step with the total coverage with all oxygen

species*.

When the dependence of AG9* on 6 is introduced into (6), the current den

sity will depend on 6. The problem now is to relate 6 to the electrode potential

and pH. Brusic argued on the basis of the limited potentiodynamic data of Bold

and Breiter12 that 6 varied linearly both with the electrode potential and pH ac

cording to

S + 02 ^ S . . . o2

S . . . Oa + H3O+ + e -+ Products

(4)

(5)

i = knFp02 [H+] exp (- AG6*/i?T) exp (-pFV/RT). (6)

AG9* = AGo* + <w 8. (7)

0 {V, pH) = KV + K(2.3 RT/F) ■ pH + %.
(8)

* Total coverage with all oxygen species, Ot, rather than 8 should be introduced into

(7). For simplicity, however, 0 is kept in this paper This does not detract anything frem the basic

idea underlying the analysis (see Ref. 4).
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From the quasi equilibrium of reaction steps following the rate determining

step, Brusic further concluded that constants K in (8) and r in (7) must be related

by the identity

rK a F.

Fig. 4. Potential energy pro

files for reactants and prod

ucts in the rate determining

step at three coverages in

cluding the zero coverage.

As coverage increases, the

activation energy increases.

When (8) and (9) are introduced into (7), one obtains

AG6* = AG0* + xFV + 2.3 a RT ■ pH + C (10)

where C is a constant for a given reference electrode. Finally, replacing AGe*

in (6) by (10), and taking a = (3 = 1/2, the rate equation

i = knFpot [H+F2 exp ( -FV/RT) (11)

is obtained. This rate equation is identical with the rate equation (3) observed

in acid solutions.

In (11), the exponent 3/2 appears over the concentration of hydrogen ions.

However, the values for the observed fractional reaction order with respect to

the concetration of hydrogen ions consists of the true reaction order with respect

to these ions, which is equal to one, and of an additional part, 1/2, which originates

in the dependence of activation energy on pH. In other words, for the Temkin

condition of adsorption, the true reaction order is modified by the dependence

of AG6* on pH. Similarly, the Tafel slope of —120 mV/decade, expected for

the first charge transfer step as rate determining, is modified to —60 mV/decade

because of the particular linear dependence of AGe* on the electrode potential.

According to the model used by Brusid, the change with 0 of the adsorption

energy of reaction products in the rate determining step, rather than of the react

ants, leads to (11). Were it oposite, AG9* would increase as 6 decreases. This

would be the case for a desorption process in a rate determining step (see Refs.

10 and 11). But then the plus sign before arG in (7) should be replaced by the minus

sign13-14. This in turn, would not lead to an equation satisfying the observed rate
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equation. If the energies of adsorption of both reactants and products in a rate

determining step are equally affected by coverage, no net change in AGe* with

6 will result14. Then, though the Temkin conditions of adsorption may still be

valid, no effect of adsorption on the kinetics will result and a normal rate equa

tion with dF/dpH =-120 mV/pH and dV/dlog i=-120 mV/decade should

be observed for the first charge transfer step as rate determining. It follows, there

fore, that the rate determining step in oxygen reduction must be placed early

in the sequence of possible reaction steps, as Brusic has assumed. Further, the

reactants in the rate determining step should not be strongly adsorbed at the elec

trode surface and their energy of adosprtion should not vary significantly with

total coverage of reaction intermediates. For this reason, a weak adsorption of

Oz molecules was assumed in Ref. 4.

The basic model proposed by Brusic has subsequently passed a number ot

tests and today her mechanism has generally been accepted for oxygen reduction16-16.

KINETICS AND MECHANISM AT HIGH CURRENT DENSITIES

The first prediction arising from the model and theory of oxygen reduction

is that if current densities can be increased beyond those studied by Brusic, the

kinetics of oxygen reduction must change. When current densities are gradually

increased, or potentials decreased, a point must be reached when the coverage

with oxygen species becomes low and the interaction between adsorbed oxygen

species negligible. Then, it is expected that

As a consequence, the true reaction order with respect to hydrogen ions and the

Tafel slope expected for the first charge transfer step as rate determining should

be observed at high current densities. The observed Tafel slope of —60 mV/decade

at low current densities should change to —120 mV/decade at high current den

sities. Similarly, the observed reaction order with respect to hydrogen ions should

change from 3/2 to 1.

These predictions lead to a way to test the proposed theory of oxygen reduc

tion in acid solutions.

Genshaw17, using a rotating disc electrode to offset the diffusion control

of O2 and extend measurements to high current densities, was the first to show

that the second Tafel region with a slope of —120 mV/decade indeed existed

at high current densities, i. e.,

The original V—log i data obtained by Genshaw with the rotating disc electrode

are shown in Fig. 5. For comparison, Brusic's early data obtained with a stationary

platinum wire electrode are included in the figure.

Sepa and Vojnovid18, also using a rotating disc electrode, were the first

to show that at high current densities in the region with the Tafel slope of —120

AGe* = AG0* i- f (9). (13)

dV\d\o% 1 =-2.3-2/?T/F. (14)
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mV/decade the potential at a given current density decreased about 120 mV when

pH increased one unit, i. e.,

dV/dpH =-2.3-2 RTjF. (15)

 

Current density. A/cm2

Fig. 5. K-logi relationships in acid solutions, x and + : rotating ring-disc electrode

in H2SO4 solutions (pH = 1), O : stationary Pt wire electrode in HClOj solutions

(pH = 1)".

Their results in 0.1 mol/dm3 and 0.01 mol/dm3 H2SO4 solutions are shown in

Fig. 6.

Fig. 6. K-logi relationships

in 0.05 (upper line) and

0.005 mol/dm3 H2SOj(lower

line). Early data of Brusic4

are shown for comparison

(•)"■

 

Thus, both predictions were confirmed and the theory passed the first

critical tests.

Sepa and Vojnovic also examined the dependence of the reaction rates at

high current densities on the partial pressure of oxygen18. As expected, they found
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that at a given current density and pH

dV/d logp0» = 2.3-2 RT/F. (16)

This is shown in Fig. 7 at two partial pressures of oxygen in a 0.01 mol/dm3 H2SO4

solution.

 

Fig. 7. K-log: relationships

in 0.005 mol/dm3 H2SO4.

Upper line at 110 kPa and

the lower line at 22 kPa

pressure of O218.

At high current densities, therefore, the rate equation in acid solutions is

given by

i = k" po, [H+] exp (-FVI2RT). (17)

This equation is expected for the sequence of steps (4) and (5) when the first charge

transfer step is rate determining and when there is no interference with adsorbed

oxygen species, i. e., when AG0* in (6) is not a function of 6. The rate of

reduction is now first order with respect to hydrogen ions and the Tafel slope

is „normal".

RECENT WORK ON OXYGEN REDUCTION IN ACID SOLUTIONS

In view of the fact that the theory proposed by Brusic was based on experi

ments at only two pH's, and was subsequently confirmed at the same pH's19,

its validity over the entire pH range may be questioned. Sepa and Vojnovic9 have

shown that the theory is valid over a wide range of pH in acid solutions of H2SO4

and HCIO4. In all solutions examined, the slope of —60 mV/decade at low current

densities changes to —120 mV/decade at high current densities (Fig. 8). As can

be seen from Fig. 8, with increasing pH points at which the change of slopes occurs

move toward lower current densities. This observation will be discussed later

The effect of pH on the kinetics in the low current density region is shown in Fig.

9. At any constant current density, in this case at 2 x 10~5 A/cm2, the potential

decreases 90 mV as pH increases one unit, i. e., over the entire pH region in acid so
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lutions dVjdpH = - 2.3 (3/?r/2F). Similarly, at high current densities

dV/d pH= - 120 mV/pH, i. e., it is equal to -2.3 (2RT/F). This is shown in Fig. 10.

d 0.7

1 0.6

7

0.8

u

0.5 -

0.4 -

0.3 L.

o.» :HOQ.

o.a :H,S0,

Bold Symbols: No Excess Salt

Full Symbols: Excess Salt

J_

10-« 10-» 10-« 10-» [Acm-»]

Current Density

Fig. 8. K-logj relationships in H2SO4 and HC104 solutions of different pH's".

Experimentally, therefore, two distinct equations describe the rates of oxygen

reduction over a wide range of pH in acid solutions. At low current densities the

T T

o. • -mo.

a,m ".so.

Bold Symbols: No Salts

Full Symbols: Excess Salts

 

•'1 2 3 4

PH

Fig. 9. Potentials at 2 x 10~5 A/cm2 (low c. d. region) as a function of pH».
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rate is given by (3) and at high current densities by (17). However, the mechanism

both at high and low current densities is the same. The first charge transfer is

the rate determining step and leads to (6) as the single rate equation at all current

densities. At low current densities. AG8* is a linear function of 6, and, hence,

of V and pH, and the rate equation becomes modified by the effect of 6 on the

 

energy of adsorption of the products in the rate detenriining step. At high current

densities this effect becomes insignificant and the usual kinetic parameters for

the first charge transfer step as rate determining are obtained.

KINETICS AND MECHANISM IN ALKALINE SOLUTIONS

We can now turn to oxygen reduction in alkaline solutions. What are the

kinetics and mechanism of oxygen reduction in alkaline solutions? Does the ad

sorption with oxygen species also affect the kinetics here?

The first to determine the kinetics of oxygen reduction at prereduced plati

num electrodes in alkaline solutions was Brusic4. She reported a Tafel line with

dV/dlogi slope of —60 mV/decade. Wong19 confirmed this and reported a

pH dependence of —27 mV/pH in solutions of two pH's. These data gave the

following rate equation:

i = A' [H+F2 exp(-FVIRT). (18)
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Again, a fractional reaction order with respect to hydrogen ions was observed

that could not be accounted for in terms of the classical electrode kinetics of

consecutive reaction steps.

Because of this fractional reaction order, Brusic4 assumed that in alkaline

solutions, too, the same mechanism controls the reduction as in acid solutions.

However, the raction step (5) has to be modified for alkaline solutions, i. e.,

S + 02 ^ S . . . 02 (4)

S . . . O2 + e Products. (19a)

The process of protonation may be initiated in the rate determining step itself,

for instance, according to Ref 13:

S...02 + H20 + e->S...O-OH + OH- (19b)

For either (19a) of (19b) as the rate determining step, the following rate equation

can be written:

1 = A"nFpo, exp (- AG*6,aik, / RT) exp (-pFV/RT). (20)

The activation energy in alkaline solutions, AGoaik*, is expected to be different

than AG9* in acid solutions.

If the effect of adsorbed oxygen species on activation energy is the same

as in acid solutions and AG*e>aik> varies with pH and potential according to (10),

then, for the first charge transfer step as rate determining, (20) assumes the same

form as the observed rate equation (18). For either (19a) or (19b) as the rate de

termining step, the true reaction order with respect to hydrogen ions is zero. The

anomalous fractional reaction order of 1/2 arises from the dependence of AG*e,aik

on 6 and, hence, on pH. Similarly, the expected Tafel slope of —120 mV/decade

is modified to — 60 mV/decade by the dependence of AG*e.aik on V. At the time

Brusic made this analysis, data on the dependence of the reaction on oxygen partial

pressure were not available.

If indeed the kinetics in alkaline solutions is controlled by the same factors

as in acid solutions and the activation energy changes with pH and potential accord

ing to (10), then again we would expect that the kinetics at high current densities

to change. At high current densities one should observe d Vjd pH = 0 and

d Vjd log 1 = — 120 mV/decade.

Genshaw17-20, using a rotating platinum disc-ring electrode, confirmed that

the Tafel slope in alkaline solutions did indeed change from —60 mV/decade

at low current densities to —120 mV/decade at high current densities. But Genshaw

also observed that oxygen was reduced along two reaction paths. In the first path,

it was reduced to H2O, while in the second it was reduced only to H2O2. In both

activation controlled regions, i. e., in the region with dVjd log i = — 60 mV/decade

as well as in the region with dVjd log i = — 120 mV/decade, he observed that

2HaO ~ 3.5 «Hj02- (21)

Thus, two-thirds of all oxygen molecules reacting at the electrode surface are

reduced to H20 while one-third are reduced to H2O2. Significantly, V—log i
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relationships for the reduction along each of these paths show two slopes: —60

mV/decade at low current densities and —120 mV/decade at high current densities

(Fig. 11). Further, along both reaction paths, changes in the Tafel slopes appear

Fig. 11. Partial currents at the disc

electrode. O : current due to the forma

tion of H2O2, x : current due to the

reduction of oxygen to water without

peroxide intermediate. The area of the

electrode is 0.18 cm2 17,!0.

 

log I p h Amps]

to occur at the same potential. An interpretation of these data in terms of the Brusic

model is that the coverage with oxygen species, which is the same for both reaction

paths, affects both processes in the same way. Another important conclusion drawn

from Genshaw's results is that the reaction steps before the rate determining step,

as well as the reactants and products in the rate determining step, are the same

in both reaction paths. Were they different, one can hardly account for nearly

the same rates along these two parallel reaction paths (2:1 with respect to the

numbers of the reacting molecules). For, if either the reactants or the products

were different, the activation energies, and hence the rates along these two parallel

Mr

03

 

S 0.2

HI

0.0H

-Clr

Bold Symbols: No Excess Salts

Fid Symbols: Excels Salts
SlIO-Acn-"* °~ © • ■

10-* 10-«

Current Density [Amp cm-']

Fig. 12. K-logi relationships in alkaline solutions of different pH9.

10-' io-» io-»

reaction paths, would be markedly different and equal rates could not be expected.

It appears, therefore, that the rate determining steps are identical in both reaction

paths. Consequently, the dissociation of oxygen molecules does not seem to occur
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in the rate determining step of the major reaction path leading to the reduction

to water. Breaking the bonds, required for the major process, must occur in a

step that follows the rate determining step18.

It would be desirable to determine separately the kinetics along each of

the parallel reaction paths at different pH's and partial pressures of oxygen. On

the basis of the above discussion, no difference in the kinetic parameters is expected.

Because the reaction steps before the rate determining steps, and the rate de

termining steps themselves, appear to be identical for both reaction paths it is

permissible to analyze the kinetics of oxygen reduction as if only a single reaction

path existed9.

Sepa and Vojnovic9, using a rotating disc electrode, determined the kinetics

of oxygen reduction over a wide pH range in alkaline solutions. At all pH's exa

mined, two Tafel lines were observed. At low current densities, the Tafel slope

is —60 mV/decade, and at high current densities it is —120 mV/decade, as ex

pected. Their results are shown in Fig. 12. Lines with the slope of — 120 mV/decade

are more evident in solutions of lower pH while those with the slope of — 60 mV/

/decade are more evident in solutions of higher pH.

Potentials at a given current density in the low current density region decrease

30 mV as pH increases one unit, i. e.,

dV/d pH = - 2.3 • RTjlF. (22)

In the high current density region, characterized by the Tafel slope of — 120 mV/

/decade, the potentials are basically unaffected by the pH, i. e.,

dF/dpH = 0. (23)

2001-

■fb

RBKMi

¥ m it* *m*

■♦• : Excess of Salt

□ : No Excess of Salt

11 n 13 14

PH

Fig. 13. Steady state poten

tials at 10-6 A/cm2 in alka

line solutions of different

pH's13.

These dependences are shown in Figs. 13 and 14. The effects of the partial pressure

of oxygen on the kinetics, also determined by Sepa and Vojnovic, are illustrated

in Fig. 1 5. It follows from this figure that in both current density regions the order

fo the reaction with respect to oxygen molecules is 1.
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Therefore, the rate equation in alkaline solutions is given by

i = A p0i [H+F2 exp {-FVIRT) (24)

Fig. 14. Steady state poten

tials at 5 x 10-" A/cm2 in

alkaline solutions of differ

ent pH's".

at low current densities, and by

i = B p0l exp (-FVI2RT)

at high current densities.

 

(25)

 

Fig. 15. K-logi relationships

in NaOH solutions at two

partial pressures of oxygen13.

The observed pH dependences both at low and high current densities and

the change of Tafel slopes at high current densities are as predicted for the se

quence of reaction step (4) and either (19a) or (19b) if the same model proposed

for oxygen reduction in acid solutions is valid in alkaline solutions and the first

charge transfer step is rate determining.

In alkaline solutions, points of the transition from the Tafel lines with the

slope of —2.3 (RT/F) to those with the slope of - 2.3 (2RTIF) move towards

higher current desities as pH increases. In acid solutions, as pH increases these
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points move towards lower current densities. In both solutions, however, the

potentials at which the transition occur, Vt, decrease 60 mV as pH increases one

unit. Moreover, the Vt—pH dependence acid solutions extends to the Vt—pH

dependence in alkaline solutions (Fig. 16). If the change of the Tafel slopes occurs

always at a same low coverage with adsorbed oxygen species, as expected, the

observed dependence of Vt on pH would mean that the potentials at which critical

6 is established varies with pH according to (8) over the entire pH range. Only

recently, however, was the relationship (8) experimentally verified. It was shown

that indeed the transition of the Tafel slopes occurred always at the same coverage

with oxygen species9.
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Fig. 16. Transition poten

tials, Vt, from Figs. 8 and

12 plotted against pH (x).

Potentials from Fig. 17 ex

trapolated to 0 = 0.05 are

included (o)B.

COVERAGE WITH OXYGEN SPECIES AS FUNCTION OF V AND pH

Recently, Sepa and Vojnovic9 examined the dependence of surface coverage

with oxygen species on V and pH over the entire pH range. Their results are

shown in Fig. 17. After an initial slow and non-linear increase of coverage with

potential, the coverage at any pH increases linearly with electrode potential. Further,

at any constant coverage the potential in the linear V—0 region decreases 60 mV

as pH increases one unit, i. e.,

dVjdpH =-2.3 -RTIF. (26)

This dependence is shown in Fig. 18 for 6 = 0.2. From these data the following

expression for the dependence of coverage on V and pH can be written:
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6(K, pH) = KV + K(2.3RTIF) • pH + 80

-| 1 1 1 1 1 1 1 1 1 r

2.J 1.0

 

0.0 02 0.4 0.6 0.S W

Potential [V h. SHE]

Fig. 1 7. Coverage with oxygen species as functions of V and pH».

i T

 

(8)

Fig. 18. Potentials from Fig.

17 at 0 = 0.2 plotted aga

inst pH».
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Here, K(— 0.85 V-1) is a constant. 60 also is a constant but its value depends

on the choice of the reference electrode; it is equal to KVo = 0.85 x 0.77 = 0.65

when the potentials refer to SHE. Va is the potential to which the 6— V line

in a solution of pH = 0 extrapolates at 6 = 0 (see Fig. 17). As indicated by the

equation number, the experimentally determined 6(F,pH) is identical to (8). Sepa

and Vojnovic, therefore, confirmed not only that (8) is valid both in acid and

alkaline solutions, but also that unique 6(F,pH) dependence, with the same

constants, holds over the entire pH range.

A critical test of the theory of oxygen reduction over the entire pH range

can now be made using the experimentally determined coverages. At all pH's,

the transition potentials, Vt, should be observed at a same, low value of coverage.

In Fig. 16, the potentials are plotted to which 6 — V lines extrapolate to

6 = 0.05. It can be seen that Vt, which is also plotted in Fig. 16, closely follows

the potentials at G = 0.05. Evidently, the transition of the kinetics from low current

densities, characterized by dV/d In i = —RT/F, to high current densities, charac

terized by dV/dlni = — 2RT/F, occurs at all pH's at the potential at which the

coverage with oxygen species falls to the same low value, in this case to about 0.05.

This independent verification of coverages at Vt provides as yet the strongest

support for the theory of oxygen reduction. Of course, why 6 should change linearly

with V and pH according to (8) is a separate question which deserves attention.

CHANGES OF pH DEPENDENCES FROM ACID TO ALKALINE SOLUTIONS

Since the pH dependences, both at low and high current densities, are diffe

rent in acid and alkaline solutions, it is instructive to analyze at which pH the

changes of these dependences take place. At which pH the kinetics at low current

UJ
z
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Fig. 19. Potentials at i = 10-5 A/cm2 (low c. d. region) as a function of pH over

the entire pH range9.

densities in acid solutions, characterized by d Vjd pH = — 90 mV/pH, changes to

the kinetics in alkaline solutions, characterized by dF/dpH = — 30 mV/pH? In
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Fig. 19, the potentials at a constant current density, in this case at i = 1 x 10-5

A/cm2, are plotted against pH. It is evident that the change occurs close to pH 7.

This figure refers to the low current density region with dVldln i = —RTjF.

Corresponding data for the high current density region with dVjd In i = — 2RT/F

are plotted in Fig. 20. The branches of the potentials (at 5 X 10~4 A/cm2) from

the acid and alkaline solutions intercept again around pH 7. Therefore, the changes

of the pH dependences occur around pH 7 in both the low and the high current

density regions*.
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Fig. 20. Potentials at i = 5 x 10~4 A/cm2 (high c. d. region) as a

function of pH*.

Though it seems logical that the changes in the pH dependences should

occur around pH 7, they cannot be comprehended as a logical extension of the

theory of oxygen reduction. The theory does not predict at which pH the depen

dences should switch over. In principle, two reactions

O2 + H30+ + e -»• Products (5)

and

O2 + (HzO) + e -> Products (19)

occur always in parallel. Of course, the first one is much faster in acid solutions

while the second is faster in alkaline solutions. The one which is faster will control

the overall kinetics and, hence, the pH dependence. It follows that these two reac

tions occur with nearly the same rates just around pH 7.

That a change in the kinetics of a reaction with different pH dependences

in acid and alkaline solutions does not necessarily have to occur around pH 7 can

be illustrated by the following two examples. For the growth of anodic oxide films

at platinum electrodes, the pH dependences are different in acid and alkaline

* More accurately, the transition occurs at pH 6.5.
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solutions and change around pH 1 l21. In oxygen evolution at platinum electrodes,

which also has different pH dependences in acid and alkaline solutions14'22, the

change appears to occur around pH 10, not around pH 723.

COMPOSITE F-logi DIAGRAM FOR THE ENTIRE pH RANGE

With the data for oxygen reduction in acid and alkaline solutions, it is possible

to construct an idealized composite diagram for oxygen reduction at prereduced

platinum electrodes over the entire pH range. It is shown in Fig. 219. Full, thick

lines represent Tafel dependences that are accessible to measurements or are

experimentally established. These Tafel dependences are extrapolated to low

current densities and the reversible potentials with thin lines.
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Fig. 21. Composite PMog?" diagram for the entire pH range9.

The range of current densities that are accessible to measurements is restricted

both at high and at low current densities. At high current densities, it is restricted

by the supply of oxygen molecules from solution, except at pH 4 to 6 where the

restriction is due to limiting supply of HsO+ ions,. At pH 7, this restriction is

no longer valid as water molecules are now reactants (see Eqs. 5 and 19b). In

acid solutions, the range of measurements at low current desities gradually increases

as pH increases. However, the trend reverses itself in alkaline solutions and the

range decreases as pH increases. This is shown by the thick broken semicircular

line in the composite diagram.

A question may be asked why the V— logi relationships do not extend to

low current denisites all the way to the reversible potentials. Instead, as the current
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density at a given pH decreases beyond a critical current density a stationary po

tential, Vr, is established around 1.0 V vs. RHE. This potential is frequently

called the rest potential6-7-24. Evidently, Vr and the limit down to which the linear

V—log? relationships can be observed are interrelated. In order to understand

why the Tafel dependences do not extend to low current densties, it is necessary

to analyze the significance of Vr.

Schuldiner25 has shown that, when care is taken to purify solutions and

avoid constamination of solutions during measurements, Vr over the entire pH

range decreases 60 mV as pH increases one unit. If it is assumed that Vr is a mixed

potential with oxygen reduction as the cathodic component and as yet an uniden

tified process as the anodic component of the mixed potential, then the dependence

of Vr on pH of —60 mV/pH is represented in the composite diagram by two

thin broken lines intersecting around pH 7. This dependence is indeed easily

observed both at pH's from 0 to 3 and at pH's from 12 to 14. In these pH regions,

the thick and thin broken lines in the composite diagram nearly overlap. We shall

analyze first the ideal case represented in the diagram by the thin broken lines.

Various explanations were offered for Vr and its dependence on pH, most

of them based on the mixed potential idea. For instance, residual impurities in

solutions were cited as the anodic component of the mixed potential with oxygen

reduction as the cathodic component7. Such an explanation cannot account for

the observed pH dependence of the current density at Vr, particularly at low and

high pH's. Depending on the source of impurities, the current density at VT should

remain either constant or it should decrease by a factor of 10 as pH increases one

unit. In fact, the current density in acid solutions decreases half a decade as pH

increases one unit. If the level of impurities is constant and independent of pH,

i. e., the source of impurities is not the acid itself but the water used in

solution preparation, the limiting anodic current and the current density at Vr

should be independent of pH. In this case, Vr should change —90 mV/pH in

acid solutions and —30 mV/pH in alkaline solutions, and not —60 mV/pH as

observed7-17-25.

It was suggested that oxide growth was the anodic component of the mixed

potentials27. It was observed that Vr decreases 60 mV for each tenfold decrease

of oxygen partial pressure7-24-25. Since the Tafel slopes for oxygen reduction at

the mixed potentials are —60 mV/decade, this requires that the rate of oxide

growth is the same at different partial pressures of oxygen. In turn, this requires

that the rate of oxide growth is independent of the electrode potential. This is

very unlikely. At 10 kPa, VT is equal 0.94 V vs. RHE .It is now known that the

rate of oxide growth at this potential is only about 2 x 10~10 A/cm2 in acid solu

tions28-29. But, the anodic component of a mixed potential has to be equal to the

cathodic component, which in this case is about 3 x 10-7 A/cm2, i. e., three orders

of magnitude higher than the assumed anodic component. The oxide growth

model, therefore, has to be abandoned.

The latest account for the observed rest potentials is that they are corro

sion potentials involving anodic dissolution of Pt and cathodic reduction of oxygen9.

From about 2 X 10-9 to above 2 x 10-7 A/cm2, the current density for the dissolu

tion of platinum in helium saturated high purity 1 mol/dm3 H2SO4 solutions

increases exponentially with the potential30. The Tafel slope for the dissolution

is 120 mV/decade (cf. Fig. 22 and Ref. 30). Starting from about 0.75 V, the
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potential increases sharply with a very small increase of current density. The

behavior resembles a well-defined limiting current with j'l = 5.10-7 A/cm2. As

can be seen from Fig. 22, the linear V—log i lines for oxygen reduction in 1 mol/dm3

H2SO4 solutions saturated with oxygen at standard pressure interesct the limiting

current for Pt dissolution close to 1.0 V at a current density of about 10-8 A/cm8.

Both these values are characteristic for Vr.

Fig. 22. Rest potentials with

Pt dissolution as the anodic

and O2 reduction as the cat-

hodic component of the

mixed potentials. Full line

AA, reproduced from30, re

presents anodic current den

sity in He purged 1 mol/dm3

H2SO4 solution. (x): limit

ing dissolution current den

sity obtained in Ar saturated

solution. Tafel line for Oi

reduction in 1 mol/dm*

H2SO4 is represented by

line B for saturations at 110

kPa and by line B' for sa

turation 11 kPa of oxygen.

B" is the same as B but

in 0.1 mol/dm3 H2SO4 solu

tion. Line a— a represents

the expected limiting current

density for Pt dissolution in

0.1 mol/dm3 H2SO4'.

The rate of dissolution in the limiting current density region does not depend

on oxygen partial pressure. This is because the coverages with oxygen species,

which control the limiting current density, are the same at a given potential irres-

spective whether the solution is saturated with O2 or N27. Now, for the oxygen

reduction at low current desities, dV/dlogpo2 = — 60 mV/decade. Consequently, it

is expected for the constant limiting current that d Vr/3 log P02 is equal also — 60

mV/decade, as observed7'24-25. Similarly, for the corrosion model the lowest

limits down to which the linear V—logi relationships were observed do not de

pend on oxygen partial pressure. This too was observed9-13.

To explain the observed dependence of Vr on pH (dVR/dpH = — 60 mV/pH),

the limiting current for Pt dissolution in acid solutions should decrease half a

decade as pH increases one unit. No data for Pt dissolution at different pH's exist.

However, at Ni, which is structurally similar to Pt, it was found that the limiting

current for the dissolution decreases 2.5 decades when pH increases from 1.6

to 5.631. This gives

dlogiL/dpH =-0.5. (27)

If the same dependence holds for the dissolution of Pt, then for the corrosion

potential model one easily obtains dVR/dpH = — 60 mV/pH.

To explain with the same model the dVR/dpH. dependence in alkaline solution

(also — 60 mV/pH), it is required that dlogtL/dpH = + 0.5. Again, it is observed

that at Ni electrodes j'l in alkaline solutions increases with pH31.
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Since «l for dissolution of Pt as the anodic component to the corrosion po

tential must be equal to the rate of oxygen reduction as the cathodic component,

it follows that in acid solution the linear V—logi relationship should extend to

lower current densities as pH increases. Ideally dlogz'L/dpH should be —0.5. In

alkaline solutions the trend should reverse and dlogtL/dpH should be equal to

+ 0.5. Such ideal dependences were observed in the low and high pH regions,

respectively. At intermediate values of pH's, where j"l for oxygen reduction is

expected to reach very low levels, e. g. 10-9 A/cm2 at pH 7, residual impurities

may eventually become sufficient to provide an alternative anodic component to

the mixed potential and to prevent measurements down to very low current den

sities. This was indicated by the thick broken semi-circular line in the composite

diagram. Of course, with more patience ideal behavior represented by the thin

broken lines should eventually be observed.

It appears, theorefore, that the corrosion potential is the main reason why

V—log: measurements cannot be extended to current densities lower than a critical

current density both in acid and alkaline solutions. Even though oxide growth

would also affect measurements, as shown in Fig. 1, they are not yet operative.

Only if the corrosion rate should somehow be suppressed and oxygen reduction

extended to higher potentials, one may expect an interference with oxide growth.

Although the rate of oxide growth would still be much too low to be the anodic

current of a mixed potential, an oxide film as such would create a barrier to charge

transfer and would hinder the rate of oxygen reduction.

SOME CONCLUDING REMARKS

Substantial progress has been made during the last 15 years in our under

standing of oxygen reduction at oxide-free platinum electrodes. Though the ki

netics of the reduction seemed complex, through the patient work of a number

of workers today we understand fairly well the mechanism of this reaction and

the factors affecting both the kinetics and the mechanism. However, there are

still unanswered questions and some difficulties with the proposed mechanism

and the model for the reduction. For instance, why are two paths present in the

reduction in alkaline but not in acid solutions? We are now fairly certain that

adsorbed —O—OH species is the product both in acid solutions and along either

of the two paths in alkaline solutions. Why should there then be any difference

between the reduction in acid and in alkaline solutions, and why should one part

of the molecules of oxygen in alkaline solution undergo breaking of the second

bond while a nearly equal part does not? An analysis of steps following the rate

determining step is, of course, impossible as no corresponding anodic process

exists at oxide-free electrodes.

A difficulty with the model is that three particles participate as reactants

in the rate determining steps both in acid and alkaline solutions. It means that

O2 and H30+ in acid solutions, and O2 and H2O in alkaline solutions, somehow

interact to form an activated complex before an electron from the metal can tunnel

to it. This difficulty with the model is not necessarily serious, but further studies,

particularly theoretical, quantum-mechanical, are needed.

Perhaps once we better understand the mechanism of the reduction, we can

answer the key question : why the reduction is a so slow process. Is there anything
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inherent in the system that prevents the reduction to go faster? For instance,

can the reason for the low activities be a sharp mismatch between the Fermi level

in the metal and the unoccupied electronic states in solutions. No analysis of such

a nature has yet been made.

A related question is whether the rates of oxygen reduction at Pt electrodes

can be increased. The answer is perhaps yes. As discussed in this paper, the effect

of adsorbed oxygen species on the kinetics is rather detrimental. If one could

suppress the adsorption with oxygen species and extend the Tafel region with

the slope of — 120 mV/decade to current densities higher than the current density

at Vt, higher rates will be achieved. Thus, at 0.95 V vs. RHE the rate at pH = 0

should increase by factor 10 over the rate at electrodes affected by the adsorption.

Though this is a small increase, it is an increase nevertheless. One can speculate

that adsorption with oxygen species can be suppressed by a stronger adsorption,

or chemical bonding, with some other species that would be neutral in the process

of oxygen reduction. A danger here is that the energy of adsorption of the reactants

in the rate determining step also may decrease and this would lead to an increase

in the activation energy and hence a decrease in the rate.

Gold will not adsorb oxygen even at potentials as high as 1.0 Vm. RHE 6.

One may then expect gold electrodes to be more active than platinum electrodes

in the potential region from 0.8 V to 1.0 V. In fact, the gold electrode is a very

poor catalyst for oxygen reduction in acid solutions32'33. Perhaps the reason for

the poor catalysis at gold electrodes is that the products in the rate determining

step are also weakly adsorbed. It may be speculated that a monolayer, or even

less, of gold over platinum electrodes will modify electronic surface states and

allow moderately strong adsorption of the reduction products but still prevent

an excessive adsorption with oxygen species. No such experiments have been made.

It has been observed recently that some underpotential deposited metals over

gold electrodes, notably thallium34-35, enhance the rate of oxygen reduction. It

is interesting to note that Genshaw36 some 1 5 years ago observed that gold electrodes

were occasionally very active for oxygen reduction. His observation passed largely

unnoticed. In view of the recent discoveries that underpotential deposited metals

can enhance the rate of oxygen reduction, could it be that in Genshaw experiments

platinum was underpotential deposited over gold and this made gold electrode

active? The source of platinum could have been the dissolution of the platinum

counter electrode.

This paper was not meant to be a comprehensive review of oxygen reduction.

For this reason, the reduction at other metals, alloys or oxide electrodes, as well

as the reduction at electrodes with underpotential deposited metals or at chemically

modified electrodes was not discussed. Various metals, alloys and compounds,

including oxides, were tested for oxygen reduction. Frequently, the aim was just

to see whether they are catalytically active or not. The same is true for many un

derpotential deposited electrodes and chemically modified electrodes. Rarely is a

thorough kinetic and mechanistic analysis, such as in the case of platinum electrodes,

made at such electrodes. A quick check for the catalytic activity is certainly one

way, perhaps even a useful way, to pursue in the search for new catalysts but it

does not have to be the fastest way. In our view, a better way in the search of new

catalysts is through undestranding of the mechanisms and factors affecting both

kinetics and mechanisms of reduction at each electrode system. On the basis of

such understanding we can hope to develop new concepts for oxygen electrodes
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and find new approaches to develop fast catalysts, and even to tailor new catalysts,

which are so much needed if the progress in fuel cells is to come about in the near

future.

H3EOJI

EJIEKTPOXEMHJCKA PEflYKUHJA KHCEOHHKA HA EJIEKTPO^AMA

Ofl nJIATHHE

AJIEKCAHOAP JtAMJAHOBlTR

Allied Corporation, Corporate Research and Development Center, Morristotvn,

New Jersey 07960, USA

flAPKO E. mEIlA h MKJIAH B. BOJHOB1TE

TexHOAOtuKO-MeuiaAypmKu fiaxyAuieiu y?meep3uuleuia y Beoepady, u. up. 494,

11001 Eeoipad

Pa3iwaTpa ce MexaHH3aM peayKipije KHceoHHKa y khccjihm h ajiKajiHHM pacreopHMa, Ha

eJieKTpoflaiwa oh njianiHe. y o6a pacTBopa onawajy ce Tacpe.ioBe o6jiacra. IlpH khckhm rycrimaMa

crpyje Ham6 Ta(pejiOBe jiHHnje je —60 mV/dek, aok je npH bhcokhm rycTHHaiwa orpyje —120

mV/dek. LTpn hhckhm rycTHHaiwa crpyje pea peaKirnje no boaohhvhom joKy y khccjihm pacreo

pHMa H3H0CH 3/2, a y ajiKajiHHM pacreopHMa 1/2. Ilpn bhcokhm rycTHHajwa crpyje pea no bo,ho-

hothom jony je 1 y khccjihm h 0 y ajiKajiHHM pacTBopHMa. Heyo6HnajeHH, paajioiwaeHH peAOBH

peaiciTHje ce He iwory oSjacmrra y oKBHpHMa Kjiaciraie khhcthkc KOHceKyTKBHux peaKiuija. Ohh

ce o6jaum>aBajy noiwohy Tcmkhhobhx ycnoBa aACopmnije, y3HMajyhB aa je crynaH. npeHoca

npBor HaeneKTpHcatba oHaj Kojn oaper)yje yKynHy 6p3HHy peaKujije. PaanoMJbeHH peflOBH pe-

aKUHje cy nocjieAHna 3aBHCHocrH eHepmje aKTHBaunje, h y khccjihm h y ajiKajiHHM pacTBopHMa,

oa CTeneHa noKpHBeHocTH noBpiimHe, 0, khccohit-ihhm BpcraMa, a OBaj oner 3aBHCH oa pH.

yKOJiHKO crynaH. npeHoca npBor HaeJieKTpHcaH>a OAperjyje yKynHy 6p3HHy peaKiuije Tadieji

jiHHHja 6h Tpe6ajio aa HMa narn6 — 120 mV/dek. BpeflHocr OBor HaraSa ce npii hhckhm rycTHHaMa

crpyje Meaa Ha —60 mV/dek ycjieA Tora urro noKpHBeHOCT, na trrora h eHeprnja aKTHBaunje,

3aence oa noTeHiwjaJia. LTpH bhcokhm rycTHHaMa crpyje 0 je hhcko h HeMa yromaja, na ce crora

ona>Kajy „HopMajnni" peAOBH peaiauije h TaepejiOBH HaraSH, 3a cjiynaj Ka^a crynaH, npeHoca

npBor HaejieKTpHcaH>a OAperjyje yKymry 6p3HHy peaKiuije.

Ilpejia3aK ca khhcthkc y khccjihm pacTBopHMa Ha KHHeTHKy y ajiKajiHHM pacTBopHMa

oflHrpaBa ce h npn bhcokhm h npn hhckhm rycTHHaMa crpyje y okojihrh BpeflHocra pH 7. flaT

je h pa3MaipaH CKynHH AnjarpaM peAyKinije KHceoHHKa 3a wraBy oSjiacr pH.

(LIpHMJbeHO 7. jyHa 1982)
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Glucose isomerase (D-xylose ketol isomerase, EC 5.3.1.5.) was covalently

bound to two derivatives of microcrystalline cellulose : octamethylene diamino carbxy-

methyl cellulose (DCM) and succinyl-DCM (SDCM). The insolubilization of the

enzyme was achieved by covalent bonding of either carboxyl or amino groups of the

enzyme to the corresponding modified cellulose derivative, with the aid of a water

soluble carbodiimide. The average activity of enzyme preparations obtained by coval

ent bonding of protein carboxyl groups to DCM(E—DCM preparations) was 5.80 IU

per ml of set preparation, and the average activity of the preparations obtained by

covalent bonding of protein amino groups to the corresponding SDCM matrix

(E-SDCM preparations) was 4.68 IU per ml of set preparation. The thermal stability

and the pH optimum of the insolubilized enzyme preparations were determined and

discussed with respect to the enzyme immobilization mode.

It is well known that the reversible isomerication of glucose to fructose

is catalysed by the enzyme glucose isomerase (D-xylose ketol isomerase, EC 5.3.1.5.),

and that this enzyme is widely used in large scale production of high fructose

corn syrups of the same sweetness as saccharose, to catalyse the last of the reactions

in the process of transforming starch into fructose. Earlier in producing these

syrups, either the soluble enzyme itself, or intact cells and even cell particle sus

pensions were used to catalyse the reaction. More recently the enzyme has been

used in an insolubilized form, obtained either by covalent bonding, entrapping,

adsorption, or any other mode of linking the enzyme to solid, insoluble inorganic

or organic matrices1-8.

This paper describes the covalent bonding of a commercially available sol

uble enzyme preparation of glucose isomerase (Maxazyme GI) to two new types

of modified cellulose matrices. The first type is represented by octamethylene

diamino carboxymethyl cellulose (DCM) with free amino groups to be linked

to carboxyl groups of the enzyme. The second type is represented by a succinyl

derivative of octamethylene diamino carboxymethyl cellulose (SDCM), having

free carboxyl groups — to be bound to amino groups of the enzyme. The modi

fication of the cellulose matrix and the idea of the enzyme-matrix coupling is

schematically represented as shown in Sheme 1.

This idea was based upon observations made in our previous work on the

covalent immobilization of glucoamylase7-9.
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H^CO-NH(CH2^ NH-C0-CH2CHjC00H

 

 

Scheme 1. Cellulose matrix derivatization and glucose isomerase bonding to these

matrices.

MATERIALS AND METHODS

The soluble glucose isomerase preparation used was commercial „MAXAZYME GI"

from Actinoplanes Missouriensis (Gist Brocades, the Netherlands), declared activity 10000 GlU/ml.

The cellulose used was ..Cellulose, Microcrystalline for Column Chromatography" (Merck,

Germany). Octamethylene diamine was purchased from K & K Laboratories Inc., California,

U.S.A. Sodium-2,4,6-trinitrobcnzene sulphonate (TNBS) was purchased from Eastman— Kodak,

succinyl anhydride and the solvents from Merck, l^thyl-3-(3-climethylarnmopropyl)-carbc<liimide

HC1 (EDAC) from Bio-Rad Laboratories, California U.S.A., and N,N'-dicyclohexyl carbodiimide

from Aldrich, Great Britain.

Glucose isomerase assay: All enzyme preparations used were batch assayed according to

a modified polarimetrical method (Clarget)10, by measuring the quantities of fructose obtained

by conversion of glucose. One enzyme unit was defined as the enzyme quantity converting one

micromole of glucose in one minute at 30°C and at pH 7.2 — from 1 mol/dm3 glucose solutions

in the presence of Mg2+ ions.

The matrices, DCM and SDCM were prepared according to procedures described elsewhere7.

Covalent bonding of glucose isomerase to DCM (example) : Octamethylene diamino carboxy-

methyl cellulose (7.27 g) was suspended in water (aprox. 150 ml) and EDAC (700 mg) was gradually

added to the vigorously stirred suspension. The pH was brought to 4.3 and 1 ml of the enzyme

(total activity 43.5 IU) was poured into the reaction mixture. The reaction mixture was stirred

for 70 hours at a temperature between 6—12°, keeping the pH at 4.5 ±0.2. The product was

then filtered off and thoroughly washed with distilled water (4°). The total activity of the immo

bilized enzyme was 37 IU.

Analogous procedures were used to immobilize glucose isomerase to SDCM matrices.

Two groups of insolubilized enzyme preparations were obtained. The link

between the enzyme and the matrix in both groups was achieved by a new ..peptide"

bond. In the first group (E—DCM preparations), carboxyl groups of the enzyme

were linked to amino groups of the matrix, while in the second group (E—SDCM

preparations) amino groups of the enzyme were covalently bound to carboxyl

groups of the matrix. All of the insolubilized enzyme preparations were found

ictive.

RESULTS AND DISCUSSION



TABLEI.EffectofpHontheactivityofMAXAZYMEGIandimmobilizedenzymepreparationsonDCMandSDCM

Rektive
activity

ofenzyme

%

46.1 57.0 47.6 52.4 69.0 80.2 79.1 73.2 100.0 86.8 75.8 68.3 100.0 100.0 51.6 86.9 73.2 50.8

Activityof

used
enzyme

uM/ml•min

71.8
4.36 4.41

81.7
5.28 7.43

123.3
5.60 9.27

135.3
5.80 6.33

155.9
7.65 4.78

135.4
5.60

4.71

Totalactivity

ofused enzyme
I.U.

21.6 13.1 13.7 24.5 13.7 20.1 37.0 14.6 26.0 40.6 16.2 17.1 46.8 21.4 14.3 40.6 17.4 14.1

Conversion
degreof GItoFr

%
12.9 7.8 8.2 14.7 8.2 12.0 22.2 8.7 15.6 24.4 9.7 10.3 28.1 12.9 8.6 24.4 10.4 8.5

Observedrota
tionangle indegrees

aaver.
+6.01 +7.29 +7.20 +5.57 +7.19 +6.24 +3.69 +7.07 +5.35 +3.15 +6.81 +6.68 +2.22 +6.03 +7.10 +3.14 +6.64 +7.13

Volumeof

used

substrate

(ml) 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Volumeof

used

enzyme

(ml) 0.3 3.0 3.1 0.3 2.6 2.7 0.3 2.6 2.8 0.3 2.8 2.7 0.3 2.8 3.0 0.3 3.1 3.0

Enzyme

MaxazymeGI(E)

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

PH
5

5.5 6.5
7.25

8.0 8.5
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The properties of the preparations obtained differed as from one group

to the other so as from the properties of the starting soluble enzyme.

The pH optimum of the E—DCM preparations was found in the same

alkaline region as the pH optimum of the starting soluble enzyme, while the pH

optimum of the other group of preparations, where the enzyme was covalently

linked to the matrix via the protein's —NH2, was significantly shifted to the acidic

region of pH 6.5 (see Table I and Figure 1).

 

Fig. 1. Effect of pH on the glucose iso- Fig. 2. Effect of temperature on the glu-

merase activity. cose isomerase acivity. Legend same as

O — Maxazyme GI, • — immobilized in Fig. 1.

enzyme preparation on DCM, A — immo

bilized enzyme preparation on SDCM.

The temperature optima of the E—SDCM preparations and of the starting

soluble enzyme were in the same temperature region — close to 80°. The tempera

ture optimum of the E—DCM preparations, however, was shifted to much higher

values — over 90°. Additionally, at 40° the E—SDCM preparations had more

than 70% of their optimum activity, while the E—DCM preparations had 40%

and the starting soluble enzyme only 20% of their optimum activity at the same

temperature (see Table II, Figure 2).

The slope of the temperature vs. relative activity curve for the E—SDCM

preparations indicates a moderate, relatively poor response of glucose isomerase

activity to temperature changes. This fact could justify the use of such immobilized

glucose isomerase preparations in continual processes of glucose conversion at

pH 6.5 and at lower temperatures, e. g. at 45—55° where such preparations have

up to 80% of relative activity.

However, the somewhat higher „load" — the higher glucose isomerase

activity of the E—DCM preparations, and their high thermal stability are also

parameters which should be taken into account in evaluating insolubilized enzyme

preparations for the continual conversion of glucose, at higher temperatures and

in the usual alkaline pH region.



TABLEII.EffectoftemperatureontheactivityofMAXAZYMEGIandimmobilizedenzymepreparationsonDGMandSDCM

Relative activity
ofenzyme

%

18.3 40.8 62.3 21.1 42.5 72.4 35.3 45.3 78.7 65.2 52.2 81.0 85.6 56.1 91.9 100.0 63.8 100.0

—

100.0 89.0

Activity ofused enzyme

[iM/ml-min

37.0 5.8 4.7 42.8 6.0 5.4 71.4 6.5 5.9 132.0 7.4 6.1 173.2 8.0 6.9 202.3 9.1 7.5

—

14.2 6.7

Total activity

ofusedenzyme

I.U. 14.8 16.2 9.8 17.1 21.8 32.6 28.5 19.5 24.8 52.8 23.0 29.2 69.3 24.7 29.6 80.9 28.1 33.0

—

44.1 30.7

Conversion degreeof GItoFr

%

8.9 9.8

S.9

10.3 8.7 13.0 17.1 7.8 9.9 31.7 9.2 11.7 41.6 9.9 11.9 48.6 11.3 13.2 — 17.6 12.3

Observed

rotationangle

indegrees
aaver. +7.02 +6.81 +7.78 +6.68 +7.07 +5.98 +5.26 +7.60 +7.07 +1.67 +7.30 +6.64 -0.81 +7.13 +6.68 -2.56 +6.79 +6.30

—

+5.78 +6.53

Volume ofused
substrate

(ml) 10 10 10 10 IS IS 10 IS IS 10 IS IS 10 IS IS IS 15 15 IS IS 15

Volume ofused enzyme

(ml)
0.4 2.8 2.1 0.4 3.6 6.0 0.4 3.0 4.2 0.4 3.1 4.8 0.4 3.1 4.3 0.4 3.1 4.4 0.4 3.1 4.6

Enzyme

CO

MaxazymeGI(E)

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM Maxazyme

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

MaxazymeGI

E-DCM
E-SDCM

t
30 40 SO 60 70 80 85
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It would be premature to explain the shift of the pH optimum to 6.5 found

in the E—SDCM preparations on hand of the up till now available experimental

data. It is interesting though, to remember that in these preparations the free

amino groups of the enzyme are engaged in the covalent bond to the insoluble

matrix.

The better thermal stability of the E—DCM preparations is sought in a

certain ..shielding" effect of the insoluble matrix covalently bound to the enzyme

protein.

H3BOJ

HMOEHJIH3AUHJA rJiyK030H30MEPA3E, I. KOBAJIEHTHO BE3HBA&E

rJiyK030H30MEPA3E 3A MOflHOHKOBAHE IJEJiyjI03HE MATPHUE

■BOP'BE riETPOBHTi, BPAHKA BAPJI h AJIEKCAH£AP 'BEJIHHEO

XeMujcKU UHcmumyui, npupodm-MauieMauiuuKU <f>axyAiueiu yHueep3uiueuia y Eeoipady, fi. up.

550, 11001 Eeozpad, Hncuiuuiyiu 3a KyKypy3-3eMyu JloA-e u Hncuiuuiyui 3a xe*tujy, iuexHOMiujy

u Mema/iypeujy, Eeoepad

OKTaMeTHJi«mHaMHHO-Kap6oKCHMeTnji uercyjioM (DCM) h cyKmnmji flepiraaT- OKTa-

MeTttnennHaMHHO-Kap6oKCHMeTHJi-iiejiyji03e (SDCM), «o6HjeHH AepHBaTH3aiyijoM mhkpokphc-

TanHe ucjiyji03e, KopmuheHH cy Kao iwaTpime 3a KOBajieHTHO Be3HBan>e rjiyK030H30Mepa3e (D-kch-

no3a KCTon BSOMCpaaa, EC 5.3.1.5). HMo6HJiH3aiBija rjiyK030H30Mepa3e ocTBapeHa je ycnocTaB-

jbaiteM xeMKjcKH craSaime CO-NH Be3e npeKO C-TepMHHaj:a npoTeHHa eH3HMa y npBOM h

N-TepMJHHana npoTCHHa eHamia y flpyroiw cjiyqajy, a y3 npHMeHy oflTOBapajyhinc Kap6oARHMHAa.

Akthbhoct ;jo6njeHor RMoCHnHsara rjiyK030H30Mepa3e Ha DCM je 5,80 IU/ml HMo6HJiH3aTa,

a Ha SDCM je 4,68 IU/ml. Y pafly cy AHCKyTOBaHH h ynmajH npHMeaeHHx mctoas hmo6hjih-

3ainije Ha TepitUPiKy CTaSanHOCT flo6HBeHHX npenapaTa.

(IIpHMJbeHO 16. jyjia 1982.)
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Deuterium-induced 13C isotope shifts in 13C {1H} NMR spectra of mono-

deuteriated ketones formed in the lead tetraacetate oxidation of [2— 2HJ-2-decanol

and [1 — 2Hi] cyclopentadecanol (together with the 1SC NMR data concerning specifi

cally labelled 2-decanone and cyclopentadecanone), enabled unambiguous spectral

assignment and determination of the deuteriation site which was found to be C(8)

in both cases (i. e. C-6 in 2-decanone and C-5 in cyclopentadecanone).

As far as determination of deuteriation site(s) is concerned, a problem very

often encountered in mechanistic studies, 13C NMR spectroscopy lends itself as

a method of choice, since the 13C chemical shifts are susceptible to deuterium

labelling. This was demonstrated in our previous studies concerning medium-sized

cycloalkanones (i. e. cyclooctanone,1 cyclodecanone2 and cyclododecanone3) obtained

upon oxidation of the corresponding [1—2Hi] cycloalkanols with lead tetraacetate

(LTA) in benzene under thermal (80°) and photolytic (UV irradiation, 20°) condi

tions. Thus, deuterium-induced 13C isotope shifts (across one and more bonds)

as well as 13C—2H couplings (observed in some cases) revealed the presence of

the [5—2Hi]-isotopomer in cyclooctanone and a mixture of [5—2Hi]- and [6—2Hi]-

isotopomers in cyclodecanone (in a ratio of ca. 1.2:1) and cyclododecanone (in

a ratio varying from ca. 3:1 to 4:1). Moreover, the incremental 13C chemical

shifts observed upon replacement of a proton by a deuteron, gave line assignments

which are not otherwise obtainable.

As a continuation of this work, in order to assess whether the formation

of monodeuteriated ketones in the lead tetraacetate reaction of secondary a-deu-

terioalcohols involving 1,5— and 1,6—2H shifts from a-carbon represents an

exclusive feature of medium-sized rings, the LTA oxidations of an open-chain

* Address for correspondence : Department of Chemistry, Faculty of Science, Studentski

trg 16, P. O. Box 550, YU -11001 Belgrade, Yugoslavia.
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analogue, :'. e. 2-monodeuterio-2-decanol, as well as of a large-ring cycloalkanol,

i. e. 1-monodeuteriocyclopentadecanol, were carried out in benzene under thermal

(80°) and photolytic (UV irradiation, 20°) conditions.

As expected on the basis of previous results4 concerning various aliphatic

secondary alcohols, the LTA oxidation of a-monodeuteriated 2-decanol and cyclo-

pentadecanol afforded the corresponding ketones in very low yield (1.5—3%). The

mass spectra of 2-decanone, isolated by preparative GLC, revealed a low percen

tage of monodeuteriated species (»'. e. 18 and 20% in the thermal and photolytic

reaction, respectively). At the same time, the ketonic product from the LTA oxi

dation of monodeuteriated cyclopentadecanol (also isolated using preparative GLC

and studied by mass spectrometry) contained the monodeuteriated ketone in

percentages (i. e. 42 and 67% in the thermal and photolytic reactions, respectively)

comparable to those observed in the previously studied medium-sized cycloalkano-

nes1-3. Although the fragmentation patterns (under electron impact) of the open-

-chain aliphatic ketones are very well known,5 the low percentage of monodeuteriated

isotopomer(s) in 2-decanone did not allow an unambiguous mass spectrometric

assignment of deuteriation site(s). However, it should also be noted that the absence

of deuterium in m\z 58 (obtained via McLafferty rearrangement) and mjz 85

(C5H9O) excluded, almost with certainty, C— 1, C—3, C—4 and C—5 as sites

bearing a deuteron. At the same time, the complexity of the fragmentation pattern

concerning cyclopentadecanone did not enable any conclusion regarding the posi

tion^) of the label.

[I 1 29.880
U 2 200.314 S

• 4 3 43.904 9 I
I 1 4 23.93S I I 7

8 29.264 I I

? 8:2!?
8 31.900 1 /

J irLJlJUl

i t 1 1 ■ —t -—
31 30 fc

! Tt If

1 1 1 1 T 11 1 TT
20 -

r
70 60 50 40 30 10

Fig. 1. 50.3 MHz proton noise-decoupled l3C NMR spectrum (CDCI3) of 2-decanone

(carbonyl resonance not shown; the reported chemical shift, 1. e. 8 209.314 ppm, measured

on a Varian XL-100 apparatus operating at 25.2 MHz).

In the 13C{1H} NMR spectrum of the reference nondeuteriated^ 2-decanone

(1) most signals, except three lines at 8c 29.440, 29.264 and 29.21 1 ppm originating

from the framework C(5)—C(6)— C(7), were easily assigned on the basis of chemical

shifts (see Fig. 1). At the same time, in the 13C{1H} NMR spectra of 2-decanone

formed in the LTA reactions (containing 1 + monodeuteriated species 2) two
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of these non-assigned carbons (i. e. the pair of close lines at 8c 29.264 and 29.211

ppm) exhibited in 2 almost equal upfield shifts of ca. ASc — 0.100 ppm, correspond

ing to geminal isotope shifts1-3 (Fig. 2, C— 5a and C—7a). A careful inspection

J

 

30 / 29
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Bov-0.38 i WltHi
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Fig. 2. 50.3 MHz proton noise-decoupled 13C NMR spectrum (CDCb) of 2-decanone

20% monodeuteriated, from the LTA photolytic reaction of [2—2Hi-2]-decanol (carbonyl

resonance not measured). 2-Decanone, 18% monodeuteriated, from the LTA thermal

reaction exhibited the same spectrum (not shown). (I) Sensitivity enhanced; (II) Resolu

tion enhanced.

of this spectral region revealed a weak 1:1:1 triplet (Vcd ~ 19 Hz) shifted by

ca. ASc —0.390 ppm from the original position. This, together with the observed

deuterium-induced 13C geminal isotope shifts, enabled assignment of C—6 and

also designation of this 8-carbon as the only deuteriation site (C— 6 a in 2). Whereas

the problem concerning evaluation of the deuteriation site was thus already solved,

the distinguishing of C—5 and C—7 lines was not possible at this stage. In order

to assign these signals and at the same time gain additional proof regarding the

position of the label in 2, the specifically y-labelled ketone 3 («'. e. 5-monodeuterio-

-2-decanone) was prepared. In the 13C spectrum of 3 (diluted to ca. 55% by addi

tion of the protio compound 1)* two lines of the 1:1:1 triplet Q-Jcd ~ 19 Hz)

originating from the deuteriated carbon (Fig. 3, C— 5 b) could be readily recogni

zed. Among the chemical shift differences measured between the triplet and the

non-assigned C— 5 and C—7 lines originating from 1 (1. e. ASc —0.416 and —0.359

ppm), the bigger one fits much better to the previously observed one-bond iso

tope shifts concerning carbons remote from the carbonyl group (ASc ranging

from —0.39 to —0.44 ppm)1-3-6, thus indicating the assignment of 8c 29.264

and 29.211 ppm to C—5 and C—7 respectively. This is also supported by the

occurrence of a line (Fig. 3 C—7b) shifted to higher field from the original value

(8C 29.21 1 ppm in 1) by the extent of A8C —0.025 ppm, corresponding to the pre-

* The presence of the protio isotopomer is essential for measurement of small effects

such as deuterium-induced 13C isotope shifts across one and more bonds (ranging from ca. 0.1

to 0.02 ppm).
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viously observed vicinal isotope shifts1-3. It should be noted in addition, that

the above assignment of C—4 and C—6 is also supported by the upfield shifts

(A8c~ —0.100 ppm) of these lines in 3, which correspond to the influence of

the geminal deuteron. Moreover, the signals originating from C—4b and C—6b

(in 3) are somewhat broadened, which is due to the unresolved geminal 13C—*H

coupling.

Fig. 3. 50.3 MHz proton noise-decoupled 13C NMR spectrum (CDCls) of [5-2Hi]-2-de-

canone, 55% monodeuteriated (carbonyl resonance not measured). (I) Sensitivity enhanced;

(II) Resolution enhanced.

Contrary to the situation encountered with 2-decanone in the 18C {^H}

NMR spectrum of nondeuteriated cyclopentadecanone (4) only signals origina

ting from C— 1, C—2 and C—3 could be assigned on the basis of characteristic

chemical shifts (Fig. 4). The remaining five carbons gave rise to very close lines

in the range of 8c 26.3 to 27.7 ppm. This prompted the application of a method

of specific deuteriation (i. e. the preparation of the easily available 2,2, 15,1 5-tetra-

deuterio derivative 5) for signal assignment. Similarly to the previously studied

cyclododecanone3, the extensive a-deuteriation in 5 enabled identification of the

C—4 signal (8c 27.619 ppm), which exhibited a vicinal isotope shift of A8c —0.053

ppm (Fig. 5, C—4c). At the same time, an additional proof for the proposed assign

ment of C— 3 was obtained on the basis of the geminal isotope shift(ASc —0.143

ppm) exhibited by this carbon in 5 (Fig. 5, C— 3c). As expected, the a-carbons

in 5 (Fig. 5, C—2c) gave rise to a quintet (A8c —0.696 ppm, Vcd ~ 19 Hz). The

occurrence of two new lines in the spectra (Fig. 6) of the LTA ketonic products

(containing 4 + the unknown monodeuteriated isotopomer 6), almost equally

shifted upfield from the original ones (one of them already assigned as C—4)

by the value (A8c ca. —0.09) corresponding to the geminal isotope shifts, indicated

C— 5 as the exclusive deuteriation site and at the same time enabled identifica

tion of the C—6 signal (8C 26.776). It is noteworthy that the 13C ^H} NMR spectra

of the same LTA ketonic mixtures (4 + 6) in the presence of Eu (fod)3, which

caused much better separation of the signals also revealed only two carbons (i. e.
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C—4d and C—6d) exhibiting geminal isotope shifts, thus confirming the former

conclusion regarding C—5 as the only deuteriation site. The 1:1:1 triplet due

to C—5d, which is almost completely masked, could be associated with a weak

line (§c ca. 26.0 ppm) observed in the spectrum of 6. The assignment ofthe remaining

Fig. 4. 50.3 MHz proton

noise-decoupled

13C NMR spectrum

(CDCls) of cyclopenta-

decanone (carbonyl reso

nance not shown).

 

1 212.MO
2 42417
2 23.476
4 27.610
5 26.824
6 26.776
7 26484
8

. / - ..

45 40 36 30

two lines at Sc 26.484 and 26.345 ppm to C—7 and C—8, respectively, is based

on the occurrence of a shoulder on the low-field line ascribed to C—7d on the

basis of the shift (ASc —0.013 ppm) corresponding to the effect of the vicinal

deuteron. The same upfield displacement was also observed for C—3d in 6.

Fig. 5. 50.3 MHz proton

noise-decoupled

13C NMR spectrum

(CDCls) of

[2,2,15,15-^4]-

cyclopentadecanone,

57% tetradeuteriated

(carbonyl resonance not

measured).

 

* -0.143 ^°
4c -0.053

 8/Bc

3&

Thus, in conclusion, it can be stated that in the LTA oxidations of both

the a-monodeuterio acyclic 2-decanol and large-ring cyclopentadecanol the resulting

deuterium containing ketone products (2-decanone and cyclopentadecanone, re
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spectively) are labelled only at one and the same site, namely at the C(S) carbon

atom. As mentioned above, the same was previously found to be true for the cyclo-

octanone case1, whereas in the LTA medium-sized ketone products cyclodecanone2

and cyclododecanone3 deuterium is located at both the C(S) and C(e) positions.

4/134
5/124 .

—I—
28

15J

Ml. 3
+ 4

8/84/94

A5c

34 -0.013
44 -0.081
54-v.-0.44 ; Irtf-igHi

64 -0.007
74 -0.013

4-y

 

 

45

Fig. 6. 50.3 MHz proton

noise-decoupled

13C NMR spectrum

(CDCh) of cyclopenta-

decanone, 67% mono-

deuteriated, from the

LTA photolytic reaction

of [1—8Hi]- cyclopenta-

decanol (carbonyl reso

nance not measured).

Cyclopentadecanone,

42% monodeuteriated,

from the LTA thermal

reaction exhibited the

same spectrum (not

shown), i = impurity

It is also noteworthy that the reported 13C NMR spectral assignment con

cerning cyclopentadecanone (based on the deuterium-induced shifts) is different

than that previously published7.

Acknowledgements — The authors from Yugoslavia are grateful to the Serbian Republic
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EXPERIMENTAL

The starting [2— 2Hi]-2-decanol and [1 — 2Hi]- cyclopentadecanol were prepared by lithium

aluminium deuteride reduction of the corresponding ketones in ether, in the usual way.

The thermal (80°) and UV-photolytic (20°) lead tetraacetate oxidations of the monodeute

riated alcohols were carried out (in benzene) according to the general procedures described pre

viously4*. The ketonic products were isolated using preparative GLC (Varian Aerograph Model

920, TCD), under the following conditions: 2-decandne (10% Carbowax 20 M on Chromosorb

P, 60— 80 mesh, length 2 m, i. d. 0.6 cm, 140°, H2), and cyclopentadecanone (10% XE — 60 on

Chromosorb W, 60— 80 mesh, length 2 m, i. d. 0.6 cm, 200°, H»; the purified cyclopentadecanone

was rechromatographed on the same column at 150°). The percentage of monodeuteriated species

was determined by mass spectrometry using a Varian MAT CH-5 apparatus.

The reference [5—2Hi]-2-decanone (compound 3) was prepared by Grignard condensa

tion8 of 2,2-ethylenedioxy-4-bromobutane (obtained in three steps starting from ethyl acetoace-

tate)8 with n-hexanal in THF, which afforded 2,2-ethylenedioxydecan-5-ol. Tosylation of this

compound by standard procedure (p-TsCl/pyridine, 0") followed by reduction of the tosylate

with LiAID4 in ether,10 and subsequent acid hydrolysis (6 mol/dm8 HC1 in ethanol) of the pro

tective group, yielded 3 with a high isotopic purity (^98% di, according to MS). Compound

3 was purifed by preparative GLC (same conditions as above) and diluted to ca. 55% by addi

tion of the protio isotopomer.

* The chemistry of these reactions will be discussed elsewhere.
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The reference [2,2,15,15— 2H4] cyclopentadecanone (5) was prepared by deuteriation of

cyclopentadecanone with DaO/NaOD in dioxane, according to literature procedvire11. The re

sulting tetradcuterio ketone 5 was diluted to ca. 57% with the protio isotopomer.

The 18C NMR spectra of all samples were run in the proton noise-decoupled mode at

50.3 MHz on a Varian XL-200 spectrometer. The samples were dissolved in CDCU and the

spectra measured in a 5 mm broadband probe at room temperature. The chemical shifts are re

ferenced to internal TMS. The spectra of all 2-decanone samples were run under the same ex

perimental conditions: spectral width 5998.8 Hz; acquisition time, 2.7 s; pulse width, 5.0 |xs;

number of data points 32000. The spectra of cyclopentadecanone (4) and the LTA ketonic pro

ud (4 + 6) were measured under the following conditions; spectral width, 5000.0 Hz; acquisid-

tion time, 3.2 s; pulse width, 13 [is; number of data points 32000. The spectrum of the tetra-

deuterio cyclopentadecanone (5), apart from the pulse width (7 (xs), was run under the same ex

perimental conditions as 4 and 4 + 8.

H3BOA

ITPHMEHA «C NMR H30TOnHHX nOMEPAlfcA KHflYKOBAHMX ^EYTEPHjyMOM

3A HflEHTHOHKAUHjy "C NMR CHrHAJIA H OflPE'BHBAIfeE nOJIOJKAJA

JXEyTEPHjyMA y 2-flEKAHOHy H UHKJIOnEHTAflEKAHOHy

APArOCJIAB JEPEMHH, CJIOBOflAH MHJIOCABJBEBHTi, MHXAHJIO Jh. MHXAHJIOBHTH

XejitujcKU UHciuuuiyCu npupodHo-MauieMaiuuHKot (fiaxy/iuieiua ynutep3uuieu2a y Eeoepady

u Hucuiumym m xemujy, iuexnoAoiujy u MeutaAypiujy , Eeoepad

H

RENE RICHARZ

JlaBopamopuja 3a upuMeny NMR-a, Bapuan A. fl., Iiyt, UIsajtfapcKa

H30TortHa 18C noiwepaiba HnnyKOBaHa fleyTepHj'yMOM a H3«epeHa y ''C^'H} NMR cneK-
TpHMa MOHOAeyTepHcaHHx KeTOHa HacrajiHx y ojioBo-TeTpaaueTaTHHM OKCHnaiwjaMa [2— JHi]-2-

-aeKaHona h [1 — aHi]- irHKjioneHTafleKaHOJia (3ajeflHO ca HH/iyKOBaiutM l3C noMepaibHMa y

cneicrpHMa cneiuKpHwo jteyrepHcaHHx 2-aeKanoHa h uHioioneHTafleKaHOHa), OMoryhana cy

HHeHTH(bnKaitHj y cbhx laC NMR CHraajia y cneKTpHMa obhx KeroHa. Flopefl Tora, HeflBOCMHCJieHo

je flOKa3aHO fla ce fleyrepHjyM KOfl o5a MOHoneyTepHcaHa KeroHa (H3 ojioBOTeTpaaueTarae peaK-

qHje) Hajia3H Ha C(S), to jeer Ha C(6) y 2-AeKanoHy h C(5) y niiKJioneimweKaHOHy.

(npHMJbeHO 14. cerrreM6pa 1982.)
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In our previous papers1-5 we examined the unsaponifiables as well as fractions

of sterols, 4-methylsterols, triterpene and aliphatic alcohols and hydrocarbons of

certain domestic vegetable oils. This work is the continuation of the examinations

of the compositions and characteristics of unsaponifiables of vegetable oils. Tocophe

rol fractions separated by thin-layer chromatography from the unsaponifiables of sun

flower, rapeseed, pumpkin, olive and soybean oils were analysed by gas-liquid chro

matography on a glass capillary column which enabled the complete separation of

P- and Y-tocopherol. In sunflower oil four of the tocopherols (a, (3, y and 8) were

identified with a-tocopherol as a dominating constituent. The content of (3-toco-

pherol is about 3 times higher than that of y-tocopherol. The rapeseed oil contains f-

and (^-tocopherol in the ratio of 9 to 1 respectively and only a trace of a-tocopherol.

Olive oil has the smallest content of tocopherols represented only by (3- and a small

amount of a-tocopherol. In the pumpkin seed oil 8-tocopherol is dominating and

(3-tocopherol is absent. As in the case of the sunflower oil all four of the tocopherols

were found in the soybean oil too this time with Y-tocopherol having the highest

content.

Tocopherols are derivatives of benzo-hydropyran or chroman which, in the

position 6, contains a hydroxyl group and in the position 2 a methyl group and

the side ccain R.

 

The structure and content of tocopherols have been examined in many oils and

foodstuffs6-14. Among the constituents of vegetable oils, tocopherols are very

important due to their biological and antioxidative activity. Relatively high con

tent of tocopherols in vegetable oils explains partially their stability. All natural

tocopherols originate from plants where they are concentrated primarily in the

seed. The unsaponifiables of the majority of vegetable oils contain tocopherols

in different concentrations. In the present study, the tocopherol fractions of the

unsaponifiables of sunflower, rapeseed, pumpkin seed, olive and soybean oils

were investigated by thin-layer chromatography and gas-liquid chromatography

with a glass capillary column.

* Address for correspondence: Faculty of Technology and Metallurgy, Belgrade Uni

versity, P.O.Box 494, YU -11001 Belgrade, Yugoslavia
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Tocopherols (a, fi, y and 8) were identified by being compared with authentic

samples (standards).

The following trivial names are used in this paper: a-tocopherol (5,7,8-tri-

methyltocol), p-tocopherol (5,8-dimethyltocol), y-tocopherol (7,8-dimethyltocol),

8-tocopherol (8-methyltocol).

EXPERIMENTAL

The material and experimental procedures (saponification, thin-layer chromatography,

gas-liquid chromatography) were identical to those described in the previous papers1-5. The

content of total tocopherols was determined by the method according to Emmery-Engel, modi

fied by Flanzy-Dibois15.

Thin-layer chromatography. The unsaponifiables were fractionated on

20 x 20 cm plates coated with an alkaline modification (0.2 mol/dm* KOH) of Silica

Gel G and developed with a hexane — diethyl ether mixture (1:1) and the visualization was

realized with the Emmery-Engel mixture. For the separation of tocopherols from the mixture

the following development systems were used: cyclohexane — diethyl ether (80:20)ls, chloro

form, methanol — benzene (10: 9)17, cyclohexane — w-hexane — isopropyl ether — NH4OH

(40:40:20:2)18, and petrol ether - diethyl ether (1:1).

For the visualization the following mixtures were used: H2SO4 (50%), SbCU (20%),

2,7-dichlorofluoresceine (0.2%), the Emmery-Engel mixture and the mixture for tocopherols

(ethanol solution of phosphomolybdic acid, 2,7-dichlorofluoresceine, aqueous ammonia)19. Among

the systems for the separation of ^-tocopherols from ^-tocopherols in the mixture, the system

cyclohexane — «-hexane — isopropyl ether — NH4OH (40:40:20:2) proved to be the best one18.

Gas-liquid chromatography. It was performed on a 2101 Ac Carlo-Erba instru/ment with

a glass capillary column of 40 x 0.3 mm ID, coated with SE-30, programmed at 3° min from

220— 300°, with He as a carrier gas (1.5 ml/min) and with a flame ionization detector (H2-IO

ml/min, air — 30 ml/min).

An authentic mixture consisting of a, p, y and 8-tocopherol (Distilled Mixed Tocopherols

Concentrate N. F. Type 4— 50 DPI) was supplied by Distillation Products Industries,

Division of Eastman Kodak Company, Rochester, N. Y. USA. a-Tocopherol was supplied by

Fluka AG Chemische Fabrik, Bucks, Switzerland.

RESULTS

The content of total tocopherols as well as the contents of individual toco

pherols in the examined oils are presented in the Table. Gas chromatograms of

tocopherol fractions of sunflower, rapeseed, olive, pumpkin seed and soybean

oils are presented in Figures 1,2,3,4 and 5 respectively. For the separation of the

mixture of tocopherols by thin-layer chromatography, different systems for de

velopment and visualization were used (see experimental part), whereby separation

of fi-tocopherol from y-tocopherol represented a special difficulty. Both dimethyl

tocols were successfully separated by gas-liquid chromatography.

The results obtained for the total content of tocopherols are in compliance

with the literature data. Namely, it is reported that the content of total toco

pherols for sunflower oil ranges from 50 to 94 mg/100 g, for rapeseed oil about 70

mg/100 g, for olive oil from 7 to 30 mg/100 g, for pumpkin seed oil from 65 to

90 mg/100 g and for soybean oil from 90 to 220 mg/100 g«.i9-22.

However, the compositions of the tocopherol fractions of examined oils

differ partly from the published data6.
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TABLE. Contents of tocopherols in investigated oils

Total Content of Content of individual toco-

Oil tocopherols total pherols (%)**

mg/100 g tocopherols

of oil (%)* a 0 Y

Sunflower 70 3 90 7 2

Rapeseed 62 2 traces 10 90

Olive 12 1 S 93 —

Pumpkin seed 80 2 5 — 10

Soybean 105 4 7 10 80

* The content is given in relation to the unsaponifiables.

** The contents are obtained by reducing the peak areas of identified tocopherols on

the gas chromatogram to 100%.

The sunflower oil contains four of the tocopherols (a, p, y and 8) with a-to-

copherol dominating (90% of four tocopherols).

Tocopherols in sunflower oil
ceplllary column SE-30
(40m) 2Z0-3O0"'3* mln

Fig. 1. Gas chromatogram of

tocopherols in sunflower oil

 

Figure 1 shows that p- and y-tocopherol are successfully separated. The

higher content of p-tocopherol agrees with the findings of Prevot and Mordret24.

Juillet6 has reported however, that the content of y-tocopherol amounted to 14.5%

in the tocopherol fraction of sunflower oil, with no ^-tocopherol found. This

was probably due to unsuccessful separation of p- and y-tocopherol, whose sum

was erroneously ascribed to y-tocopherol23.

The main identified tocopherols in the rapeseed oil (see Fig. 2) were y-to

copherol and p-tocopherol (90% and 10% respectively). a-Tocopherol was found

in traces whereas 8-tocopherol was not identified.

A number of authors6'23'25-27 reported that a-tocopherol is the most abun

dant tocopherol in olive oil. Some authors proved the presence of y-tocopherol

as well23'26'27. We found, however, a high content of p-tocopherol (95%) and

a small content of a-tocopherol (5 %). We were not able to identify y- and 8-toco

pherol in the olive oil.
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There are only a few literature data on the composition of the tocopherol

fraction of pumpkin seed oil19. We identified in it 8-, y- and a-tocopherol (85%,

10% and 5% respectively). The high content of 8- and y-tocopherol, which are

I Tocopherol* In rap* •••<! oil

capillary column SE-30(40m>
 

Fig. 2. Gas chromatogram of

tocopherols in rapeseed oil

known as good antioxidants, could be the reason for the long-term stability of

pumpkin seed oil.

 

Fig. 3. Gas chromatogram of

tocopherols in olive oil

According to literature data6-23 25 the soybean oil contains a-, y- and 8-toco-

pherol. We identified all of the four tocopherols (a-, p-, y- and S-) with the y-toco

pherol dominating.

The gas chromatograms of examined oils showed a high number of compo

nents which we did not identify. They are probably tocotrienols and tocopherol-

-polymers.

DISCUSSION

Analysis of tocopherol fractions by gas-liquid chromatography on a glass

capillary column enabled a determination of the contents of four of the tocopherols

(a, p, y and 8).
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Fig. 4. Gas chromatogram of

tocopherols in pumpkin oil

Tocopherols in pumpkin •<
capillary column SE-30
(40 m ) 220 - 300°/ 3'/ m I n

 

Fig. 5. Gas chromatogram of

tocopherols in soybean oil

Tocopherols In soybean oil

capillary column SE-30
(40m) 220-300*' 3*/ min

S

Alpha-, p, y- and 8-tocopherols were identified in sunflower and soybean

oil with a- and y-tocopherol dominating in both cases. Rapeseed oil showed

a high content of y-tocopherol, olive oil showed a high content of p-tocopherol

and large quantities of tocotrienols and tocopherol-polymers, and pumpkin seed

oil showed a high content of S-tocopherol. The obtained results show that the

composition or the gas chromatogram of the tocopherol fraction are a characteristic

of the examined oils which could be used for their identification. Also, the same
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data may be an explanation of differences in long-term stabilities of the investi

gated oils.

Acknowledgement. The authors acknowledge the financial support of the Research Fund

of the Socialist Republic of Serbia, Belgrade.

H3BOJI

TOKO*EPOJIH y HEKHM EHJBHHM yjLHMA

MHJIAH EACTKT1, JIYBHUA BACTHH h JOBAH A. JOBAHOBHH

TexHOJiouiKO-MeuiaAypiuKU fpOKyjtuleiu ymuepsuuieuia y Eeoipady u Jyioc/ioeeucKu UHcmumyui 3a

uiexHOAozujy Meca, Eeoipad

y HaUIHM npeTXOJTHHM pajJOBHMa 1-5 HCnHTHBaJlH CMO HeOCanyibHBH fleO HeKHX AOMahux

6hji>hhx yn>a, Kao h tppaKunje crepojia, 4-MeTHJicrepojia TpirrepneHCKHX h ajiHtpanniHHx anKo-

xona h yrjbOBOfloHHKa. OBaj pan npeACTaBJta HacraBaK HCmrrHBaiba cacraBa h KapaKTepHCTHKa

HeocanyH>KBor flejia 6hjkhbx yjta. ToKodiepojnre (ppaKinije H3flBojeHe noMohy xpoMaiorpacpHje

Ha TaHKOM cjiojy H3 MeocanysbKBor .uejia yjta cyHuoKpeTa, penHue, 6yHACBCKe KOLUTHne, MacjTHHC

h coje, aHajiH3HpaHe cy racHOM xpojviaTorpadnijoM. y TOKocbepojraHM (ppaKiutjaMa ramonn

yn>a nope/j cjio6oahhx TOKoebepojia npHcyrHH cy h TOKOTpHHeoJiH h nojuwepH TOKOcpepona, tnaje

crpyKType HHcy ojipetjHBBHe. KopncTehH craKjieHy KununpHy KOJioHy nocmrHyTO je noroyHo

pa3ABajaH>e (J k Y-TOKO<pepoJia. a-, y- h 8-TOKo<pepoji HfleHTHipHKOBaHH cy y yjby cyHuoKpera

h cojhhom yjby npa neiviy y rrpBOM aomhhhp* a-TOKO(pepon, a y flpyroM y-TOKO(bepoji. Vae

pennue noKasajio je mjihkh cajjp>Kaj y-TOKotbepojia, yjte Home bcjihkh cajjpwaj P-toko-

(pepojia h TOKOTpneHOJia h nojnmepa, a yjbe 6yH,neBCKe KoirrrHue bcjihkh caapwcaj 8-TOKOcpepojia.

.KooiijeKH pe3yjrraTH cy noKa3ajiH aa cy cacraB, ojthocho racHH xpoMaTorpain, TOKo<pepojiHe

(bpaKqnje KapaKrepHCTHKe HcnHTHBaHor yjba h aa ce Mory kophcthth 3a aeroBy HfleHTHtpHKaimjy.

Ao6HjeHH pe3yjrraTH Mory ce, TaKor)e, kophcthth h 3a o6janrH>eH>e paanHiurre opsEHe crape&a

HcmtTHBaHHx yjba, c ofistrpOM Ha no/jamc m y HH3y a-, |3-, y- h 8-TOKo<pepoji aTHTHOKCHjjauHOHO

flejcTBO pacre.

(ITpHMAeHO 14. cenreM6pa 1982)
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The correlation between some quantitative physico-chemical properties of

benzenoid hydrocarbons and topological resonance energy (TRE) is examined. Such

a correlation was found for the rate constant of the Diels — Alder reaction and fre

quency of the p band, but not for the first ionization potential. The applicability

of the TRE model is compared to other resonance energy approaches.

The discovery of the topological resonance energy (TRE) concept2-3 was

followed by a great number of theoretical investigations. These, however, where

either concerned with the mathematical properties of TRE4, or discussed the rela

tions between TRE and the (qualitative and not precisely defined) chemical sta

bility of conjugated compounds5. No attempts to correlate TRE with (quantitative)

measurable physico-chemical properties of conjugated molecules have been reported

so far.

Since TRE is interpreted8 as the effect of cyclic conjugation on the thermo

dynamic stability of a compound, it would be natural to examine the relations

between TRE and the enthalpy of formation. Unfortunately, in the present mo

ment such an analysis is not possible, mainly because of the lack of relevant ther-

mochemical data. Although almost 500 benzenoid hydrocarbons are known now

adays, the enthalpy of formation is available only for eleven compounds7.

Biermann and Schmidt8-11 recently measured the kinetics of a Diels-Alder-

-type reaction of maleic anhydride with a great number of benzenoid hydrocar

bons and reported the pertinent rate constants, k. These experimental data pro

vide, for the first time, quantitative information on the relative reactivity of ben

zenoid systems.

The log k values were shown to correlate in a linear manner with various

quantum chemical reactivity indices10-11. In particular, such linear correlations

were established between log k and AHSRE, and between log k and AHRE, where

AHSRE (resp. AHRE) is the change of the Hess-Schaad resonance energy12 (resp.

the change of the Herndon resonance energy13) of the benzenoid system con

sidered, in the course of the Diels-Alder addition reaction.

Hess and Schaad14 demonstrated an interesting and unexpected relation

between resonance energy and the spectroscopic properties of benzenoid hydro

579
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carbons. Namely they showed that HSREPE, the Hess-Schaad resonance energy

per electron, is a linear function of the frequency of the p band of the corresponding

benzenoid molecule.

Finally, ionization potentials for a great number of benzenoid hydrocarbons

became recently available15. Eilfeld and Schmidt15 discussed the relations between

these ionization potentials and a number of theoretical reactivity indices.

RESULTS

We established the following results valid for benzenoid hydrocarbons.

(a) log k is linearly correlated with ATRE, where ATRE is the change of

the topological resonance energy in the Diels-Alder reaction.

(b) TREPE, the topological resonance energy per electron, is linearly corre

lated with the frequency of the p band.

(c) Instead of HSREPE and TREPE it is better to use HSREPB and TREPB,

the resonance energies per conjugated bond.

(d) The correlation between TREPB and the frequency of the p band is

better for cata-condensed benzenoid hydrocarbons than for peri-condensed ben

zenoid hydrocarbons. The same is also true for HSREPB, HSREPE and TREPE.

(e) There is no correlation between TREPB, TREPE, HSREPB or HSREPE

and ionization potential.

(f) The Hess-Schaad and Herndon resonance energies correlate slightly

better with experimental facts than topological resonance energy.

COMPUTATION DETAILS AND DISCUSSION

The topological resonance energy has been calculated for a large number

of benzenoid molecules16, using a computer program written and implemented

by Mohar17. The following TRE values were used in the present study.

1. TRE's of compounds from Table II of ref. 8: 1) 0.273 2) 0.389 3) 0.546

4) 0.739 5) 0.688 6) 0.687 7) 1.041 8) 0.475 9) 0.643 10) 0.845 11) 0.807 12) 0.806

13) 1.004 14) 1.200 15) 0.553 16) 0.725 17) 0.929 18) 0.895 19) 0.895 20) 1.0975

21) 1.299 22) 0.630 23) 0.802 24) 1.006 25) 0.974 26) 1.382 27) 0.706 28) 0.879.

2. TRE's of compounds from Table I of ref. 9: 1) 0.835 2) 0.9795 3) 0.781

4) 0.946 5) 0.746 6) 0.907 8) 0.972 9) 0.954 10) 1.066 11) 1.006 12) 0.873 13) 1.038

16) 0.929 17) 1.024 19) 0.829 20) 0.913 23) 0.861 25) 0.952 27) 0.907.

3. TRE's of compounds from Table 1 of ref. 10: 1) 1.083 2) 1.145 3) 1.085

4) 1.032.

4. TRE's of compounds from Table II of ref. 14: 1) 0.273 2) 0.389 3) 0.502

4) 0.475 5) 0.546 6) 0.598 7) 0.553 8) 0.643 9) 0.688 10) 0.687 11) 0.739 12) 0.740

13) 0.791 14) 0.725 15) 0.630 16) 0.725 17) 0.807 18) 0.806 19) 0.781 20) 0.835

21) 0.833 22) 0.832 23) 0.853 24) 0.766 25) 0.815 26) 0.839 27) 0.8945 28) 0.947
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29) 0.780 30) 0.802 31) 0.873 32) 0.972 33) 0.950 34) 0.9425 35)0.93636)0.968

37) 0.848 38) 0.974 39) 1.022 40) 0.971.

Note that some benzenoid hydrocarbons studied by Biermann and Schmidt8-9

are the same as those considered by Hess and Schaad14. Compounds 1 —7 from

ref. 8 and compounds 1—2 from ref. 9 do not react with maleic anhydride; they

were not considered in the study of the correlation between TRE and log k. Com

pound 3 in ref. 14, i. e. biphenyl, is not a condensed benzenoid system and was

therefore disregarded by us.

A least squares fitting based on the published8-11 k values and the above

listed TRE's gives

log k = 26.265 ATRE - 4.091

with a correlation coefficient p = 0.971. The same data basis gives p = 0.988

for the Hess— Schaad resonance energy and p = 0.991 for the Hemdon resonance

energy.

Using the experimental data for the wave number v of the p band14, the

following regression lines were obtained:

v = (175.77 TREPE - 3.745) X 108 [m-1]

v = (170.50 TREPB - 2.619) x 106 [m-1]

with correlation coefficients p = 0.880 and 0.943, respectively. Note the signi

ficant improvement of the correlation when TREPB is used instead of TREPE.

(The analogous linear regression for HSREPE and HSREPB is somewhat better:

p = 0.956 and 0.969, respectively.)

The correlation line for cata-condensed hydrocarbons:

5 = (516.98 TREPB - 2.078) x 106 [m"1]

has a considerably high correlation coefficient p = 0.980, slightly better than in

the case of HSREPB (p = 0.979). This finding indicates the existence of a (yet

unknown) topological effect in peri-condensed benzenoid hydrocarbons, which in

fluences the position of the p band and which is not taken into account in the

TRE model.

The correlation between TRE and the first ionization potentials15 of ben

zenoid hydrocarbons is poor: p = 0.62 for TREPE and p = 0.83 for TREPB.

In all cases the use ofTREPB and HSREPB instead of TREPE and HSREPE

gave better, sometimes significantly better results. This observation strongly

supports the previous suggestion18 that TRE should be „normalized" by division

with the number of conjugated bonds, rather than with the number of re-electrons.

The general conclusion of this work is that TRE is correlated with the same

physico-chemical properties of benzenoid hydrocarbons as the Hess-Schaad re

sonance energy. In all cases, however, the Hess— Schaad and Herndon resonance

energies are in better agreement with experimental data then TRE. Since, in

addition, the Hess— Schaad and Herndon resonance energies are computed much

easier12-13 than TRE, in practical applications the TRE method seems to be in

ferior to the methods of Hess and Schaad, and Herndon.
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H3BOJI

KOPEJIAI1HJA H3ME"By TOnOJIOIIIKE EHEPniJE PE30HAHUHJE H HEKHX

KBAHTHTATHBHHX OH3HMKOXEMHJCKHX OCOBHHA EEH3EHOPMHHX

yTJLOBOflOHHKA

HBAH rVTMAH h AJIEKCAHHAP B. TEO^OPOBHTi

TlpupodHO-MameuaiuuHKu <fiaxy.iuieui J-'nueepmmciua y Kpaiyjetuy

HcnHTiiBaHa je Kopenamija H3iwer)y Hewrx KBaHTirraTHBHirx tjjiniPtKoxe.wiijcKHx ocooima

f>eii:icnoii:unix yrJbOBOAOHHKa h TonojiouiKe eHepruje pe30Ham;Hje (TRE). Tai<na KopeJiairHja

je nahem 3a KOHCTairry 6p3HHe Diels-Alder-OBe peai<mijc h 3a (ppeKBemutjy p TpaKe, ami He

h 3a npBH jomuauHOHH noTCHUHjaji. ripHMeHJbHBOCT TRE Merofle ynopeljeHa je ca flpyriwi

MOflCJiHMa 3a eHeprwjy pe30HaHHnje.

(FIpHMJbeHO 13. ceirreM6pa 1982)
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The vapour pressure differences between CHsCHO (pi) and CH3CDO (fa),

CD3CDO (p3) and CDsCHO (pt) were measured by differential capacitance mano

metry in the temperature range 203 — 290 K. The vapour pressure of CH3CHO

between 201 and 249 K was also determined. The vapour pressure of CH3CHO

can be expressed by the Antoine equation log (pi/Pa) = 9.3915—1155.7/(243.62 +

+ t/°C). The data of the vapour pres suredifferences show that the vapour pressures

are in the sequence : ps > pa > pi > pi. The equations representing vapour

pressure ratios are: \n(palpi) = -3.849/7/- 1865.75/7/*,ln(p»/j>i) = 5.159/7/- 2964.41/

/7/2,and ln(p4/pi) = 8.313/7/- 1172.98/7/2.

It is known that the vapour pressure isotope effects (VPIE) can be related

to the molecular structure and intermolecular forces. Using the statistical theory

of isotope effects in the condensed phase, it was possible to calculate VPIE for

a great number of molecules in good agreement with the experimental data1. How

ever, quantitative interpretations of VPIE for more complex molecules which

are associated in the liquid phase, were not so successful, paraculary in ihe case

of compounds which are associated in the liquid phase through hydrogen bond

formation. Some of them, such as alcohols and amines, have been thoroughly

investigated. Although aliphatic aldehydes are important chemical intermediates

which also belong to the mentioned class of compounds, there are no data in the

literature on the VPIE involving them. In this paper the results of the determina

tion of the effects of deuterium substitution on the vapour pressure of acetaldehyde

are presented.

EXPERIMENTAL

The vapour pressure of CH3CHO and the vapour pressure differences: CH3CHO —

CH3CDO, CH3CHO - CD3CDO and CH3CHO - CD3CHO were measured using the differ

ential capacitance manometer apparatus described elsewhere !. The vapour pressure measure

ments were done with a precision of 0.02 to 0.06% of the readings. The temperature was

controlled to ± 0.005 K and was measured by a platinum resistance thermometer.

Acetaldehyde can easily be oxidized and polimerized in the presence of air and light. Be

cause of that, measurements were made immediately after purification of commercial grade

acetaldehyde by vacuum distillation. The purity of the samples was checked by the spectro-

photometric method3. Deuteroacetaldehydes (from Merck) were 98 at. % in D, and were used

without purification. Precautions were taken in preventing the samples to come in contact with

air or to be exposed to light.

583



584 PETKOVSKA, NESKOVIC and PUPEZIN

RESULTS AND DISCUSSION

The results of the vapour pressure measurements of acetaldehyde are summa

rized in Table I. The experimental data were weighted according to the best esti-

TABLE I. Vapour pressure of CH3CHO

r(K) p x 10-2 T(K) p x 10"s T(K) p x 10-2

(Pa) (Pa) (Pa)

200.86 4.419 217.99 18.17 232.71 50.51

204.17 5.949 220.54 21.90 237.70 69.14

204.79 6.277 222.23 24.79 239.23 75.95

206.63 7.345 222.63 25.51 242.12 90.23

208.36 8.499 227.80 36.55 243.35 96.92

209.67 9.464 227.95 36.89 244.35 102.78

212.66 12.052 227.99 37.00 247.57 123.45

213.65 13.034 231.50 46.75 248.91 132.98

mate of the experimental precision and are least squared to the Antoine equation

log (p/Pa) = A-BI(C + r/°C), A = 9.3915 ± 0.0130, B = 1155.7 ± 5.0 and

C = 243.62 ± 0.42. The standard deviation of the calculated values of pressure

is about ± 0.0002 X p.

The vapour pressure of acetaldehyde below 250 K has been determined

by several authors4-5. The data of Emeleus4 (176—273 K) are too high and are

obviously erratic below 250 K. The agreement with the data given by Stull5 (192—

—293 K) is better, although they are about 15% lower than our data in the tempera

ture range 200 —250 K. For the temperatures from 250 to 290 K, the discrepancy

between the published data6-7 and values calculated from our equation is less

than 1 %. This suggests the use of our equation with satisfactory precision in this

temperature range too.

The heat of evaporation of CH3CHO at 294.15 K has been calculated from

dp/dr, given by our equation, and the second virial coefficient of CH3CHO at

this temperature8. The calculated value, 25.7 kj mol-1, is in agreement with the

experimental value 25.71 kj mol-19.

TABLE II. Vapour pressure differences between CH3CHO - CHsCDO

r(K) Ap x 10-» -(cc-1) x 10* T(K) Ap x 10-* -(a-l)xl(H

(Pa) (Pa)

202.63 0.3177 612 243.32 4.390 453

207.40 0.4613 588 246.42 5.131 444

210.38 0.5773 575 249.49 5.966 435

213.05 0.7002 564 251.34 6.526 430

216.16 0.8713 551 252.58 6.928 427

218.58 1.0238 540 257.16 8.553 415

220.78 1.1867 532 261.92 10.531 402

224.36 1.493 518 266.52 12.772 390

224.75 1.526 515 270.30 14.91 382

226.67 1.719 509 275.54 18.30 371

229.62 2.053 498 277.14 19.46 367

232.13 2.379 489 281.97 23.46 359

234.82 2.775 480 285.39 26.22 350

239.66 3.620 465 289.66 30.35 342
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The vapour pressure differences, Ap = pa — Pv» for CH3CHO — CH3CDO,

CH3CHO - CD3CDO and CH3CHO - CD3CHO are presented in Tables II,

III and IV, respectively. The VPIE, given as a— 1 = — A/>//>H, were calculated

TABLE III. Vapour pressure differences between CHaCHO - CD3CDO

7"(K) Ap x 10-2 -(a-1) X 10« r(K) Ap x 10-2 -(a-1) X

(Pa) (Pa)

203.44 0.2472 443 236.90 1.976 300

206.43 0.3092 428 238.24 2.117 296

207.90 0.3444 421 240.72 2.394 288

208.88 0.3684 415 243.12 2.684 280

210.08 0.4009 409 245.57 3.013 273

211.18 0.4326 404 248.04 3.368 266

212.90 0.4812 397 251.13 3.857 2S9

214.31 0.5349 390 254.22 4.408 249

215.50 0.5782 384 257.48 5.037 240

218.12 0.6851 373 261.83 5.973 229

219.72 0.7566 366 266.68 7.186 218

220.39 0.7886 363 270.11 8.121 210

222.18 0.8771 355 273.09 8.931 202

224.54 1.0078 344 274.89 9.502 198

226.47 1.1251 337 277.99 10.559 192

229.12 1.3062 327 281.11 11.719 187

231.39 1.4785 319 283.72 12.755 182

232.59 1.5856 316 285.55 13.508 179

233.83 1.6859 310 287.38 14.292 176

235.18 1.812 306 289.99 15.525 172

TABLE IV. Vapour pressure differences between CHaCHO - CD3CHO

T(K) Ap x 10-2

(Pa)

(a-1) x 10* r(K) Ap x 10-2

(Pa)

(a-1) x

217.81 0.2398 133 249.95 2.031 144

220.31 0.2877 133 251.83 2.252 144

222.10 0.3317 135 254.29 2.563 144

224.60 0.3966 135 256.37 2.870 145

227.07 0.4717 136 259.26 3.329 145

229.50 0.5657 138 261.89 3.790 145

230.68 0.6201 140 264.91 4.406 145

231.78 0.6557 140 266.98 4.865 145

232.84 0.7166 141 268.27 5.132 144

234.96 0.8142 140 269.51 5.439 144

237.50 0.9653 141 271.18 5.910 145

238.97 1.0568 141 273.02 6.366 144

241.32 1.2234 142 274.31 6.763 145

242.49 1.3149 143 276.24 7.342 144

243.86 1.4269 143 278.84 8.203 144

245.60 1.5724 142 281.21 9.078 144

247.55 1.7665 143 283.12 9.830 144

248.75 1.904 144 285.57 10.850 144

288.83 12.360 143

from experimental isotopic vapour pressure differences and the vapour pressure

of CH3CHO. The dependence of a— 1 on temperature for the investigated systems

is shown in Fig. 1.
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Because the samples were not isotopically pure, the observed Ap values

were corrected assuming Raoult's law. The main impurities in the samples were :

2% CH3CHO in CH3CDO; 6% CHD2CHO in CD3CHO; 6% CHD2CDO and

1 1 1 1

2

1
■ ■■ ■ • ~-~~-C03CH0

nV

-1

-2

-3

-«

-5 -

-6 -

-7 -

I I I I I . , I

200 220 240 260 280 T (K)

Fig. 1. Temperature dependence of the acetaldehyde VPIE. a = Pd/Ph

2% CD3CHO in CD3CDO. After corrections were made, data were treated by

least squares to the equation

lnoc = A/T + B\T*.

The values of the constants A and B, the standard deviations of these constants

and the standard deviation of the calculated lna values are given in Table V.

TABLE V. Values of constants A and B and standard deviations

System with A B era

CHsCDO -3.849 -1865.75 2 x 10-5

±0.030 ± 6.92

CDsCDO 5.159 -2964.41 2 x 10-«

±0.037 ± 9.03

CD3CHO 8.313 -1172.98 6 x 10~»

±0.153 ± 36.33

Zanetti and Sickman10 determined the vapour pressure of CD3CDO at

273.15 K and found the value of 436 mbar in good agreement with our value of

435.1 mbar.

The results (Fig.l) show that deuterium substitution in the methyl group

increases, and substitution in the CHO group decreases the vapour pressure of

acetaldehyde. The vapour pressure of fully deuterated acetaldehyde is lower than

the vapour pressure of CH3CHO, but it is higher than the vapour pressure of

CHsCDO, which indicates a prevalent influence of deuterium substitution in

the CHO group. Even more, the results show that these two effects are approxi
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mately additive, meaning that within 0.5% /)(CD3CDO)/p(CH3CDO) = p(CD3-

CHO)//>(CEbCHO). This type of behaviour has been found for some other com

pounds, which are associated in the liquid phase through hydrogen bond forma

tion. In all cases, D substitution in the group forming the hydrogen bond has

a normal VPIE (pa > po), while D substitution in the group which is not taking

part in the hydrogen bond formation, is inverse.

H3BOJ

H30TOnCKH E*EKAT Y HAIIOHy IlAPA AUETAJWEXmLA.

JtyEHUA T. nETKOBCKA, OJIHBEPA M. HEmKOBHTi ■ JOBAH fl. nynE3MH

Hucuiuuiyiu ia Hyx/ieapue uayne „Eopuc Kugpm", u. up. 11001 Eeoipag

rioiwohy AHtJjepeHiwjariHe KanamrraTHBHe MaHOMeTpnje H3Bpiuena cy Mepeita paarniKa y

HanoHHiwa napa raiweby CHgCHO (pi) h CH3CDO (pa), CD3CDO (pa) h CDsCHO (p4) y Teivt-

nepaTypcKOM HwrepBajiy 203 — 290 K. TaKotje je oflpeheH HanoH nape CH3CHO H3iwehy 201

h 249 K. HanoH nape CH3CHO iwo>Ke ce npeflcraBinn AHroaHOBOM jeAHa^HHOM log (pi/Pa) =

=f 9,3915 — 1155,7/243,62 + t/°C). IToaauH o pa3JiHKaiwa Hanona napa noKa3yjy fla HanoHH

napa Hiwajy peflocneA pa >ps > pi > p4. Je/maiHHe Koje npcncTaBJbajy oahocc Hancwa napa cy:

In (Pa/Pi) = - 3,849/7" - 1865,75/^, In (p3/pi) = 5,159/7/ - 2964,41/T2 h In (p4/pi) =

= 8,313/7/ - 1172,98/T*.

(ripHMJbeHO 14. cenTeiw6pa 1982)
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Further investigations of the chemical reactions in plasma of r. f. discharge

were done. The formed stable products from capacitatively coupled plasma, under

different experimental conditions were analysed using a quadrupole mass spectrometer.

Our previous investigations1 were related to the research of the plasma

composition of inductively coupled r. f. discharge burning in ethanol vapours.

As it is known, the plasma composition depends on the energetic conditions which

are determined among others, by the type of coupling2-5. Here, the influence

of different parameters (pressure in the reactor, the flow rate of reacting vapours,

anode current of r. f. discharge, double walls of the reactor) on the stable products

created in a capacitatively coupled plasma, for the same system, were followed.

EXPERIMENTAL

The experimental equipment described in our previuos reports1,4 was used. The reactor

tube was of the same dimensions in all the investigations (Fig. 1). In the experiments reactors with

and without double glass walls were used (Figs 1 a and b). In order to investigate the reactivity

of the plasma components in the reactor, graphite pieces were placed in the way of the gaseous,

products at a position above the upper electrode as shown in Fig. 1 . c.

 

O b. c

Fig. 1. Scheme of the reactor tubes: a. With a glass jacket, b. Without

a glass jacket, c. With graphite pieces placed in the way of the gaseou

products
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An r. f. generator was coupled capacitatively to the reactor, using two outside cylindrical

copper electrodes at a mutual distance of 17.5 cm. The discharge time was 3.5 min.

The ethanol vapour pressure was regulated by the thermostat temperature. Constant

pressure during the experiment was maintained by changing the free volume in the system or

pumping off the gaseous products.

The products were identified by their mass spectra which were obtained by means of a

quadrupole mass spectrometer. On the basis of the determined sensitivities of the instrument, the

partial pressures of the components were calculated.

RESULTS AND DISCUSSION

In the first part of the experiment, the formed products were analysed under

the conditions of constant pressures (2.7 and 5.3 mbar) and of different anode

currents in the reactor tube shown in Fig. la. The flow rate of ethanol vapours

was determined only by the temperature gradient in the system. The obtained

results are presented in Table I. The anode currents of the r. f. generator were

55 and 95 mA which correspond to powers of 40 and 75 W respectively.

TABLE I. Measured partial pressures of components formed in capacitatively coupled plasma

when the flow rate of ethanol vapours was 1.5 mg/min

Pressure in

reactor (mbar)

U
Partial pressure (mbar)

(mA) CH4 C2H4 C2H2 H2 CO HCHO

2.7 55 1.2 1.6
 2.5 3.0

2.7 95 1.1 2.9 0.5 3.2 3.7 2.2

5.3 55 3.3 2.0 0.7 7.9 6.9 1.4

5.3 95 4.5 2.5 1.6 10.3 8.1 1.9

Due to the presence of water in the background of the instrument, the real

content of water could not be estimated.

At lower anode current and lower pressure, the total pressure of the products

was decreased, while C2H2 and HCHO among the final products were not found.

However, in all other cases their presence was obvious. At higher pressure the

decomposition reactions were privileged so the partial pressures of H2 and CO

were higher. The formation of CH4 was significant in the case where the partial

pressure of H2 was high, which can be explained by the subsequent reactions of

hydrogen and hydrocarbon radicals. The formation of C2H2 was most sensitive

on the anode current change.

It can be pointed out that under the applied experimental conditions no

ethanol was detected among the condensable products, thus indicating the complete

decomposition of ethanol molecules in the plasma.

In the second part of the experiment the formed condensable products

were examined with flow rates of ethanol of 4.3 and 8.6 mg/min. The pressure

in the reactor tube was 6.7 mbar, which was achieved by pumping off the gaseous

products. In Table II the measured partial pressures of C2H2 and C2H4 are shown

for anode currents of 55 and 95 mA. On the basis of these results it can be pointed

out that an increase of the flow rate and anode current is followed by in ancrease

of the partial pressures of C2H2 and C2H4. All through the experiment, the influence
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TABLE II. Measured partial pressures of C2H2 and C2H4 formed in capacitatively coupled plasma

when the flow rates of ethanol vapours were higher

Flow rate

(mg/min)

/.
Partial pressure (mbar)

C2H2 C2H4(mA)

4.3 55 0.4 6.1

4.3 95 1.8 11.5

8.6 55 2.7 12.8

8.6 95 4.9 21.1

of current intensity change is more obvious in the formation of C2H2. At these

flow rates nondecomposed ethanol was trapped with the condensable products.

The analysis of mass spectra in the region of m/e from 38 to 46 indicates

the presence of ethanal at a higher flow rate of ethanol vapours although to a lower

extent than in inductively coupled plasma under the same experimental conditions1.

This molecular species was not detected in the case when the flow rate was re

gulated only by the temperature gradient in the system (1.5 mg/min). It is of special

interest to point out the presence of ethanal molecules for considering the mech

anism of chemical reactions occurring in the discharge tube. In Table III the

TABLE III. Measured partial pressures of HCHO and CH3CHO in

capacitatively coupled plasma

Flow rate

(mg/min)

U
Partial pressure (mbar)

HCHO CH3CHO(mA)

1.5 55 1.0  

1.5 95 1.3 —

1.5 95 1.3 —

4.3 55 1.7 —

4.3 95 4.4 —

8.6 55 2.4 3.7

8.6 95 4.0 —

partial pressures of HCHO and CH3CHO are compared for different flow rates

of ethanol vapours and different anode currents. The conditions of higher flow

rate and lower current are favourable for the formation of ethanal.

In order to estimate the influence of the double glass walls of the reactor

on the energy dissipation we compared the partial pressures of C2H2 and C2H4

being formed under the same conditions in the tube with and without a glass

jacket. From the obtained results (Table IV) it is evident that there is a great differ-

TABLE IV. Influence of the glass jacket in capacitative coupling on the formation of C2H2 and

C2H4 when the anode current was 95 mA and flow rate of ethanol vapours 8.6 mg/min

Partial pressure (mbar)

C2H2 C2H4

4.9

36.5

21.1

33.2
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ence in the amount of C2H2 and C2H4 as in their quantitative ratio. In the absence

of the glass jacket the energetic conditions are very favourable for the formation

of both examined hydrocarbon molecules, especially for C2H2 which is 7.5 times

more intensitive than in the presence of a glass jacket.

It can be remarked that in this case the partial pressure of C2H2 is even higher

than the partial pressure of C2H4 which was not the case in any other previuos

experiment. This can be explained by the more intensive dissociation of hydro

carbon radicals. The higher total pressure of condensable products in the reactor

without the glass jacket at the same flow rate as in the reactor with the glass jacket

indicates that a greater number of ethanol molecules took part in the reactions.

It was shown that in capacitative coupling a strong fragmentation of ethanol

molecules takes place. So we expected that the presence of graphite would bring

about additional chemical reactions. An experiment was performed therefore with

the same reactor but with graphite pieces placed in the way of the gaseous products

(Fig. 1 . c). The obtained results are presented in Table V for two flow rates

TABLE VI. Influence of graphite on measured partial pressures of C2H2 and C2H4

in capacitatively coupled plasma

Flow rate Partial pressure (mbar)

(mg/min) Without graphite With graphite

C2H2 C2H4 C2H2 C2H4

8.6 36.5 33.2 28.3 39.7

12.7 45.7 38.5 31.2 66.0

under the same conditions (when the anode current was 95 mA) with and without

graphite. The presence of graphite changes the ratio of C2H4 and C2H2 in the

sense of enhancing C2H4. Having in mind that in the system hydrogen is

present to a greater extent, one can expect that the change in the obtained products

is a result of hydrogen particapation in chemical reactions in the presence of graphite.

CONCLUSION

Having in mind our results presented earlier1 for inductively coupled plasma

and the data presented here for capacitatively coupled plasma, it can be summari

zed that the capacitatively coupled plasma is characterized by stronger fragmenta

tion of ethanol molecules, so the reactions of decarboxylation and dehydrogenation

are more expressive, while in inductively coupled plasma the fragmentation was

weaker.

Capacitatively coupled plasma is more interesting from the aspect of realizing

different subsequent reactions because of the greater presence of more reactive

components.

The authors acknowledge the financial support of the Scientific Fund of S. R. Serbia,

Belgrade.
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H 3 B O fl

HCIIHTHJBAIfeE XEMHJCKHX PEAKU.HJA Y KAIIAUHTATHBHO CnPErHYTOM

PAHHOOPEKBEHTHOM nPAJKH>EH>Y Y ETAHOJIHHM nAPAMA

MAPHJA P. TOflOPOBHTi, HBAHKA fl. XOJIHJIAJTHEP - AHTyHOBITE, HATAJIHJA

H. HKOHOMOB b HAflA T>. KOBAHH"E

OdceK 3a xeMujcxe u tf)U3UHK0xeMujcKe Hayxe TTpupoduo-MaiueMaiuuHKoi (fraKyniueuia, Eeoepad,

Mncuiuuiym 3a xeMujy, uiexHOAOiujy u MeuiaAypeujy, Eeoipad u Huciuuiuyiu 3a <fni3w<y CPC, Eeoepad

H3BpmeHa cy aajba HciumwaBba xeMHjcxHX peaKunja y njH3MH paflHO<ppeKBeBTHor

npa>KH>eH>a. Oop.wHpaHH CTaSiuiHH npoayKTH H3 KanamrraTHBHO cnperHyre njiaawe, no« paariH-

"umiM eKcnepHMeHTamniM ycnoBHAia anajiB3HpaHH cy KopranheacM KBaflpynojmor cneicrpo-

Merpa Mace.

(IlpnMJi>eHO 14. cenTCM6pa 1982)
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The existing model for homogeneous nucleation is analysed using classical

kinetic considerations. Thus evaluated new expreissions for the rate of nucleation,

together with the old ones, re-open the problem of the determination of the number of

steps to be taken into account in the multistate kinetics of condensation.

The steady-state solution for the rate of nucleation evaluated by the well

known procedure of McDonald1 was comunicated recently2. The kinetic model

used in these calculations, as well as the corresponding results are briefly presented

in the next two sections.

In this paper, we deal with this same model to calculate the rate of nucleation

and the concentrations of the clusters using classical kinetic considerations (fourth

section).

The corresponding results are easily compared, since no new approximations

have been introduced for the calculations in the latter approach.

The system considered is assumed to consist of single molecules (denoted

by the symbol Ai) (monomers) and clusters of various sizes (cluster containing

i molecules, i ^ 2, is denoted by A<)- The phase transition is presented by the

following chain of reactions:

(Received 16 September 1982)

THE KINETIC MODEL

 

(1)

 

(cond. 1)

(cond. 2)
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Only bimolecular reactions, involving the addition (or subtraction) of a

single molecule to (or from) a cluster, are contained in the model. The cluster- cluster

interactions are excluded3.

In this scheme, two reservoirs are introduced to regulate the flow of mass

between phases during the non-equilibrium stage of the phase transition. If these

are removed, the system is in equilibrium. Hence, in the gas-liquid phase transition,

Ai" and Ag* are the bulk gas and the bulk liquid respectively2.

The constancy of the number of monomers participating in the chain of

reactions (1), is regulated by the rate constant ki.

The chain of reactions is terminated at a cluster of size G; this cluster is

taken to fall into the liquid at a constant rate kG- The number of monomers in

cluded in the cluster Ag will be discussed below.

By C{ and Et the corresponding condensation and evaporation constants

are denoted.

Then, accepting (cond. 1), the time dependence of the system is described

by a set of coupled first order differential equations :

^=ki-CZ (Q/4-£i+1/,+1) (2.1)

at i

^-=C(_i/,_i-£l/<-C</, + E<+i/m, 2 < i < G-l (2.2 to G-l)

dt

-^=Cg_i fG-i—EGfG—kofo, (2.G)

dt

where C< = ctf\.

The rate of nucleation is defined by way of the net rates of formation of

clusters from the ones containing one molecule less4-5, or

h = Qfi-Ei+ifM. (3)

The quantity It can be considered as the current of clusters forming the link bet

ween At and At+i.

Thus, the essential features of the kinetic model are introduced. A problem

arises if one wants to evaluate the involved quantities explicitly. The time-depend

ent solutions have not been attained in a general form so far. However, the steady-

-state solution calculated by the McDonald procedure is known2. It will briefly

by repeated in the next section for the sake of comparison with the method used

in the other part of this paper.

evaluation of the rate of nucleation and cluster concentrations

by the Mcdonald procedure

In this approach it is postulated beforehand that the system is in the steady

state. Hence, all currents have to be constant and equal to one another, i. e. to

the rate of the process itself, or

It — I — const. (4)
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Then, for the kinetic model under consideration, the following set of equa

tions can be written:

1 = 0^1- Etft

I = C2/2 - Ezh (5)

/ = Gg-i /g-i — Eg /g-

In equilibrium, h = 0 for all i's. Therefore, denoting by m the equilibrium

concentration of the clusters of the size i, one obviously obtains that

dm = Et+i tu+i. (6)

Thus, it is possible to express the evaporation constants via the condensa

tion ones, and the set of eqs (5) is re-written in the new form:

//Cim = (film) -(/«/»«)

//C2n2 = C/a/»2) - (faint) (7)

IlCo-mo-i = (/c-i/«c-i) — (/g/"g).

Summing up all these equations, one immediately obtains an expression

for the rate of nucleation

'-(*-*) (2j^P »\«j no/ \yti Qn^/

By performing a partial summation of the set of eqs. (7), we obtain expressions

for the steady-state concentrations of clusters of the size i.

f*-=fc + IGY—— . (9)

m tiG j-i Cjnj

Thus, we arrive at the steady-state solutions for the rate of nucleation and

the concentrations of the clusters of different sizes. In the next section, introducing

no new assumptions in the calculations, we get these results in other forms.

EVALUATION OF THE RATE OF NUCLEATION AND CLUSTER CONCENTRATIONS

BY CLASSICAL KINETIC CONSIDERATIONS

Here we calculate the rate of nucleation and the concentrations of the clusters

of different sizes by way of the set of eqs (2.1— G). The boundary conditions

will be the same as in the previous procedure, but the existence of the steady state

is not accepted beforehand. However, it can be easily shown that the considered

model for the process of nucleation, accompanied with the mentioned boundary

conditions, corresponds to the steady-state picture only.
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Thus, following (cond. 2), the right-hand side of equation (2.G) is equal

to zero and

/c-i = {kafa + Eg/g)ICg-i = const. (10)

Consequently, the right-hand side of eq. (2.G — 1) is also equal to zero, and /c_j =

= const. By successive procedure we conclude that

ft = const., and d/i/df = 0, Vi. (11)

Moreover, the expression (10) can be written as

Co-i/g-i - Eofa = kofa- (12)

Substituting this into eq. (2.G— 1) and keeping in mind the expression (11), we

obtain

Ca-zfa-2 — Eg-i/g-i = *c/c- (13)

As a matter of fact, the set of eqs. (2) combined with (cond. 2), gives the

general relation

Ctft - Ei+jfi+i = kGfa, ¥«'. (14)

The left-hand side of the last equation is exactly equal to It, by its definition

[eq. (3)]. Obviously the currents are constant and equal to one another for all »'s.

Therefore, the rate of nucleation

I = kofa (15)

is also constant.

Hence, from eqs. (11) and (15) combined with the postulated conditions 1

and 2, it follows that we are dealing with a system which is open but invariant

in time. It is always in some steady state when constants k\ and kc differ from zero,

and in equilibrium, when they are zero. This latter situation corresponds to the

closed system.

Now, let us calculate again the expression for the steady-state concentration

of the clusters of size i. Inserting eq. (6) into eq. (14), the following expression

for ft as a function of /<+j results :

Unt = (ft+im+i) + (kcfclCtm). (16)

Since ft+i is an analogous function of ft+z, and so on, it is easy to see that

or

i by eq. (15)

< fr
1=^+7 2' (18)

m nG j-i Cm
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The result (18) is equaivalent to the one evaluated in the previous section

[eq. (9)]. Since it was shown in this section that system has to be in the steady

state, we conclude that

Finally, it is possible to express the rate of nucleation by way of the other

quantities available. Inserting eq. (14) into eq. (2.1) we get the relation between

kj and &g :

fti = (G-l)*o/c. (20)

whereupon it follows that

/ = *i/(G - 1). (21)

Thus, we have the steady-state solution for the rate of nucleation expressed by

three different but equivalent relations [eqs (19) and (21)].

In the particular case, when we are dealing with the equilibrium state, the

rate of nucleation has to be zero. This is obviously satisfied: in equilibrium ki

and &c are equal to zero (system is closed) and, on the other hand,/i/«i — falgo = 0

since /i = m and fa = mg in this case, by definition of «i and «g-

DISCUSSION

The evaluated expressions for the rate of nucleation in the steady-state

scheme are functions of different parameters introduced into the model. However,

the functional dependence of the number of molecules in the cut-off cluster Ag

appears in all of them. Therefore, the important question of the cluster size G

has to be considered.

Now, it cannot be concluded analogously as it was done in the standard

theory of nucleation by considering only expression (8) with /c/«c = 0 5, that

the number G has to be large enough that the sum in the expression mentioned

takes into account practically all clusters of important concentrations. Thus G

was postulated as G 5s 2t*, where i* is determined as the position of the minimum

on the curve f(i). The parallel analysis of the expressions for the rate of nucleation

[eqs (19) and (20)] demands a careful reconsideration of the problem from the

beginning.

The first important moment is related to the existence of the term /g/wg # 0

in eqs (8) and (19). This permits G to be less than 2i*, since the difference in the

sum for the chosen G is compensated in these equations with an adequate ratio

of/g/«g> keeping a constant rate. Formally, the calculations of the rate of nucleation

presented in eqs (19) and (21) are self-consistent for any G. (The constant ki is

a practically undetermined quanitity.)

However, our formal calculations have to be reconciled to the classical ki

netic considerations of the successive reactions, since we deal with a model in
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which only successive reactions are possible. In that case, the step with the highest

energy barrier defines the overall rate6. From thermodynamic considerations it is

known that this step corresponds to the formation of the critical cluster usually

denoted by Ai*. And, although the larger clusters are mare probable according

to these thermodynamic considerations, in the kinetic model, dealt with here,

they cannot appear before the critical one is formed. Therefore, for the model con

sidered it is most lagical to define the rate of nucleation by

G = i*.

Any other G > i* which formally satisfied the calculated equations is practically

only a function of i*.

Acknowledgement. The author wish to thank Dr. M. Malek —Mansour and Professor

B. Milic for helpful discussions.

H3BOJI

HOBA PEUIErbA 3A KHHETH^KH MOflEJI XOMOrEHE HYKJIEAUHJE

JBHJBAHA KOJIAP—AHH-E

Hitciuuiuyiu aa tjkuuwy xeMujy npupodno-MauieMaiuutKOi ^anyjiuieuia y Eeoipady,

u.up. 550, 11001 Eeoipad

Beh no3HaTH MOfleji 3a xoiworeiry HyKjieaixnjy je aHaJiMHpaH H3 ioiacirTHo-KHHeTirqKor

yrJia. H3pa*ryHaTH H3pa3H 3a 6p3HHy HyKJieaiwje, 3ajeflHO ca nocTojehHMa, oTBapajy HOBe mo-

ryhHocTH carjie/jaBaiba BHuiecTynH>eBHTe KimeTHKe KOHfleraauHje.

(ITpHMJbeHO 16. cerrreMSpa 1982)
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Optically active epoxy alcohol is the integral

part of many physiologically active substances.

The preparation of this chiral molecule enables

its use as a synthetic block in partial or total

synthesis of many natural products. Nowadays,

much attention has been payed to the synthesis

of the optically active epoxy-alcohols1-3.

In our investigations achiral tiglic acid

(2-methyl(£)-crotonic acid) was used as a model

substance for one-pot synthesis of optically

active epoxy alcohol. Tiglic acid (10 mmol)

was reduced in absolute ether with LiAlH4

(IS mmol) and the obtained unsaturated alcohol

without isolation, i. e., in the alcoxide form,

was treated with optically active (—)menthol

(30 mmol). wi-Chloroperbenzoic acid (10 mmol)

was added, so the epoxidation could be accomp

lished. After isolation the crude reaction mxture

was liberated from large amounts of(—)mienthol

and traces of m-chloroperbenzoic acid by rapid

chromatography on Si02 (eleuent diethyl ether).

Rechromatography (eleuent benzene — ethyl

acetate) gave a colourless oil which exhibited

specific rotation [tx]p + 3.72 (c = 1.07, chl.).

'H NMR, IR, mass spectrum and combustion

analysis suggested that obtained products were

actually the mixture of two triols, one hydroxyl

group being esterified by m-chlorobenzoic acid.

Concerning that these products showed optical

activity they were not of less importance than

the expected epoxy alcohol.

During isolation on silica gel, even when

chromatography was run fast, the non-polar

fraction, as well as the polar one, were isolated

in amounts which could not be neglected.

Probably this could be the result of product

decomposition on silica gel.

Isomeric angelic acid (2-methyl (Z)crotonic

acid) was reduced in the same manner followed

by addition of m-chloroperbenzoic acid in the

presence of optically active (— )menthol. The

isolated product without separation exhibited

specific rotation [oc]^ -3.86° (c = 0.83, chl).

H 3 B O Jl

ACHMETPH^HA CHHTE3A OnTH^KH AKTHBHHX EnOKCH-AJIKOXOJIA H3

AXHPAJIHE TOTJIHMHE H AHrEJIHMHE KHCEJIHHE

MHJ1YTHH CTE*AHOBH'R. BOrflAH fflOJIAJA H HBAHA AJbAHMHTi - mOJIAJA

XeMujcKu uucuuiuiyui npupodno-MOuieMauiuHKoi ftaKy.iiueiua, Eeoipad, u. up. 550, 11001 Eeoipag

h Hucumiuym sa xeuyjy, uiexHOAOiujy u Meuiajiypiyjy, Eeoipag

TOJia, flooHjeHH cy onTHWH amnum! ahoji-

-ecrpH Kao pe3yjrraT o-ruapan.a OKcnpaHCKor

npcreHa mrrepMeflHjapHor enoKCH-aJiKoxojia.

PeflywmjoM THrJiiniHe h aHreJiiraHe i<nce-

jiHHe noj«ohy LiAlH4 A° ajiKOKCMflHor koiw-

ruieKca, a 3aTHM enoKCHflatutjoM noMohy m-xjiop

nep6eH3oeBe KHce^HHe y npHcycrey (— )iweH-

(npHMJBeHo 5. OKTo6pa 1982)
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* 2-Methyl-2(£)-buten-l-ol (obtained by mising, but during the separation of the epoxy-

the reduction of tiglic acid) was epoxidized -alcohol from ( + )diethyl tartrate the product

under Sharpless-Katsuki conditions. The crude decomposed on silica gel.

reaction product, according to TLC, was pro-
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IIpcxp. ap. AnencaHflap M. JIcko, 1890—1982





OBa cBecna r.iacHHua nocBeheHa je ycnoiweHH Ha HeflaBHo iipeMHiryjior

npcxp. ap AjieKcanupa M. JleKO. MjiaHiyi no-ravy ofl H>eroBHx HCKa,naiiiH>Hx

pieHHKa, flyroroflHimtHx capaflHHKa h noiuTOBajiaqa.

*

This issue of the Bulletin is dedicated to the memory of the recently de

ceased Dr Aleksandar M. Leko, Emeritus Professor of the Faculty of Technology

and Metallurgy, University of Belgrade. The submitted articles are contributions

of his former students, collaborators and followers.





IN MEMORIAM

npoc|). pp AJIEKCAHMP M. JIEKO

1890—1982

y Heflejby, 11. anpmia 1982. roflime npeMHHyo je pp AJieKcaHflap M. JleKO,

peflOBHH npocpecop TexHOJioiUKO-MeTajiypuiKor (paKyjrreTa yHHBep3HTeTa y Eeo-

rpaay y neH3Hju, h noiacitH npeaceflHHK CpncKor xeMHjcKor apyuiTBa. Obhm

HeyMHTHHM *ihhom H3 Haiue cpe^HHe OTprHyT je 3ayBeK jeflaH oa Hauinx Haj-

yrjieflHujHx ywrejta xeMHjcKHx 3HaH>a h JtyncKHx BpjiHHa, HaymiHK h neflaror,

arm, h 6eci<pajHO xyMaHa jimmocT, Koja je ocraBHJia HeH36pHCHBe TparoBe Kano

y flosieHy CBoje crpyiHe aejiaTHOCTH TaKo h y HeroBa&y npaBHX JbyacKHX oflHoca.

JIp AjieKcaHflap M. JleKO, pol)eH je 7. /jeueMSpa 1890. roomie y Eeorpaay,

op oua noK. Mapna, npo(})ecopa BejiHKe uiKOJie y Eeorpa,rry h Majne non. famine,

po^eHe AHTyjia.

OcuoBHy uiKOJiy h rHMHa3Hjy Ajiencaimap JleKO je 3aBpmHO y Eeorpa^y.

Ca npeKHflOM 3a BpeMe I cBeTCKor paia, cryflHpao je xeMHjy y Eeorpaay h <t>p»-

6ypy (Fribourg), UlBajuapcKa. JJ,OKTopcKy flHcepTauHjy nop, HacnoBOM: „IIpoH3-

BOflH KOHAeH3ai^Hje o-cpeHHjieHflHaMHHa h aioompHfla (pTajme, TeTpaxjiop-(pTajiHe

h xraiojiHHCKe KHcejiHHe", pap,no je h oflGpaHHO y OpH6ypy, nop, npocp. Eh-

crpimKor (A. Bistrzycki).

IIoiiito je H3Becno BpeMe 6ho 3anoaieH y xeMHjcKoj HHflycrpHjH y KaHa#H,

pp AneKcaHflap JleKO je 1923. rop. H3a6paH 3a aoueHTa 3a HeopraHCKy h op-

raHCKy xeivmjy Ha TexHHMKOM (panyjiTeTy yHHBep3HTeTa y Eeorpaay. y thm

npBHM ropvmama, nopefl nHOHHpcKor noaia opraHH30BaH»a HacraBe h bok6h

H3 HaBefleHHx npe^MCTa, yuecTBOBao je h y <popMHpan>y He3aBHCHor TexHOJiouiKor

oflceKa, KojH (J)opMajiHo no«iHH>e pa papa y uiKOJicKoj 1925/26. roflHHH.

JJ^oueHT pp Jleno je 1935. ro^HHe H3a6paH 3a BaHpeflHor, a 1939. 3a pe-

flOBHor npocpecopa HeopraHCKe xeMHje Ha TexHOJioniKOM oflceKy TexHHTOor

cpaKyjiTeTa yHHBep3HTeTa y Eeorpaay. y to BpeMe AHajniTH*iKa xeivrnja HHje

nocrojajia Kao 3ace6aH npeflMer h BeH<6e H3 KBajiHTaTHBHe h KBaHTHTaTHBHe

xeMHjcKe aHajiH3e 6nne cy cacraBHH aeo HeopraHCKe xeMHje.

y TOKy II cBercKor paia, npo(p. A. JleKO 6ho je Kpahe BpeMe 3aTBopeH

y jioropy Ha Ea&HUH. FIpbhx roflHHa no ocjio6o^eH>y, HacraBJbajyhH pap Ha

yHHBep3HTeTy, H3a6paH je 3a HJiaHa KoMHCHje 3a peopraHH3auHjy TexHHHKor

(panyjiTeTa. Ha npejyior oBe KoMHCHje je} H3Mel)y ocTajior, TexHOJiouiKH oacen

H3^BojeH h noflHTHyT Ha paHr TexHOJiouiKor (paKyjrreTa TexmiMKe BejiHKe mKarie.

Kao luto je no3HaTo, KacHHjHM yKHflaaeM TexrawKe BejiHKe uiKOJie cbh Tex-

hhmkh cpaKyjiTera cy yimiH y cacraB yHHBep3HTeTa y Eeorpafly.

Ilopefl Henocpefliior y*ieinha y HacTaBH, pp A. JleKO je py-me BpeMe 6ho

3ejiOBot)a OflceKa, a 3araM yripaBHHK XeMHjcKO-Texm«Kor 3aBOfla h ayroro-

AHUIH.H uiecp KaTeape 3a HeopraHCKy xeMHjy. y nepwo^y op 1952—1954. rop.

6HpaH je 3a fleKaHa TexHOJiouiKor (paKyjiteTa. npocp. JleKO je neroHOHHcaH

V
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1960. rofl., ajiH je join 15 roflHHa yMecTBOBao y nocTflHimoMCKoj HacraBH Kao

u.iaH KoMnciije 3a onuny h HeopraHCKy xeMHjy TexHO.ioun<o-weTajiypuiKor (pa-

KyjrreTa.

y Tony CBor H3y3eTHO flyror h n.ioflHor pafla Ha yHHBep3HTeTy, npo<p.

JleKO ce ca ycnexoiw oraeflao y cbhm o6jiacTHMa flenoBai&a yHHBep3HTeTCKor

HacraBHHKa. HnaK, Tpe6a HarjiacHTH, fla je HajBehii fleo CBoje aKTHBHOcra no-

CBenio HacraBH h h>chom yHanper)e&y. To ce oahoch Kano Ha yHanper)eH>e mnper

o6pa30BHor cHcreMa 3a uiKOJiOBaH>e ohhx reHepannja Koje cy h npe, a noce6HO

nocie paTa, ca eHry3Hja3M0M y«recTBOBa.ie y H3rpa#H>ii xeMHjcKe HHflycrpHje

JyrociaBHje h uejioKynHor Hauier npHBpeBor CHcreMa, TaKO h Ha y^euihe y op-

raHH3aHHjH h pa3Bojy HacraBe h HayTHor pafla H3 caBpeMemoc oojiac™ Heop-

raHCKe xeMHje Kao ocHOBHor npeflivteTa y o6yu,H cryAeHaTa Ha TexHojiouiKo-

-MeTajiypuiKOM (paKyjiTeTy.

Mer)yrHM, Kaaa roBopHMo o HacraBH H3 HeoprancKe xeMHje, Tpe6a noceSHO

yKa3ara Ha ^niteHHiry Aa je npocp. JleKO npe^aBao xeMHjy h Ha APyniM oflceinraia

HeKaflaunBer TexmraKor (paKyjrreTa. H3BaHpeAan npocpecop h neAaror oh je

Aeu.eHHjaMa yiecTBOBao y (popMHpaH>y cbhx npocpmia Hioneibepa iuHpoKe Tex-

HHMne Kyjnype. ripeflaBaH>a npo<p. Jleno H3 XeMHje 3a cryfleHre I roAHHe Tex-

HitMKor (J)ai<yjiTeTa ocT&ria cy He3a6opaBHa no jacHOM H3.iaraH>y ochobhhx nojMOBa

h o6HJBy cpacuHHHpajyhHx eKcnepiiMeHaTa.

Miiane, no3HaTO je Aa je npocp. JIei<o tiBpcro crajao Ha craiiOBHuiTy Aa

je xeMHja, npe CBera, eKcnepHMeirrajrHa Hayna h aa caMo Kpo3 eKcnepHMenrajiaH

pafl cryfleHT craie oHaj, KaKO je roBopno „xeMiijcKii nauiiH Mnuj.i.eH>a", 6e3

i<ora je HeMoryh cyumiHCKH npoflop y cbct xeMHje. 3aTo je eKcnepHMem-ajiHHM

Be>K6aMa yBei< nocBehHBao HajBehy na>KH>y h y nepno^y aok je Morao aa ynwe

Ha TOKOBe pa3B0ja TexHO^ouiKO-MeraaypuiKor cpanyjiTeTa 6opno ce 3a npaBo

Mecro h yjiory ei<cnepHMeHTajiHe HacraBe y cbhm o6jiacrHMa xeMHje. IfeeroBO

rjieAHUiTe je Shjio fla yieH>e Kpo3 eKcnepHMeHre ojiai<maBa, a He oTenoBa cry-

AHpaH>e h aa cy qacoBH flpyn<eH>a ca eKcnepHMeHTOM, lacoBH pejiaKcainije H

oflMopa, a He 3aMopa.

HaKO Hauia cpeflHHa HHje oci<yfleBajia y yHHBep3HTeTCKoj yuoemMKoj

.THTepaTypn H3 HeopraHcne, oahocho onuiTe xeMHje, npocp. Jleno je cMaTpao

fla npefliiocT Tpe6a flara flo6pHM npeBOflHMa npBOKJiacinix cbctckhx yu6eHHKa.

y tom CMHcry je 3a noTpeGe cryfleHaTa Hauler h cpoflmix cpaKyjiTeTa HHHHHpao

npeBor)eH»e h 6ho crpynHH peflaKTop yu6eiiHKa HeopraHa<e, a 3aTHM onuiTe xe

MHje ofl HjenpacoBa h MOHorpacpHje „XeMHjcKa Be3a h crpyKTypa Mo.neicyjia"

ofl CnpHima h JljaTKHiie.

Ilpocp. JleKO je HMao CBoje noce6HO rjieAHurre no nHTa&y Hayimor pafla

yHHBep3HTeTCKor HacTaBHHKa, Kojn, npeMa H>eMy, Tpe6a fla ce 6aBH ohhm Hay*tHHM

paflOM Kojn My cMoryhyje 0flp>KaBaH.e Hay*we KOHflHHHje Kao nofljiore 3a flofiap

neflarouiKH pafl, ajiH h o6pa30BaH>e KaflpoBa Kojn he paflHTH Ha yHHBep3HTeTy

hjth cneirnjajiHHM Hcrpa>KHBaMK: m HHCTHTynnjaMa. y tcm <M«xrry npocp. JIei<o

je 6ho 3aMeTHHK BHUie Hcrpa>KHBatiKHX noflyxBaTa H3 mnpe o6jiacrH xeMHje,

icojn cy nocjry>KHJm Kao ocHOBa 3a CTHnaibe aKaflCMCKHX creneHa flOKropa xe-

MHjcKHx H TexHHMKHX HayKa, a nocefmo y o6pa30BaH.y KacHHjer HacraBHor Kaflpa

Ha TexHOJiouiKO-MeTajiypuiKOM (paKyjiTeTy. H3 ooHJiaTor HaynHor onyca npocp.

JleKO, noMenyheMO fleTajbHHje Hene 3HayajHiije o&nacTH.

TaKo, y HacraBKy paflOBa Be3aHHx 3a noMeHyTy flOKTopcKy flHcepTaiinjy

H3 opraHCKe xeMHje, KopHcrehH Beh ycaBpuieHy Mcrofly CHnrese, npocp. JIei<o

je npoyuaBao peawmje nHpHflHHKap6oHCKHX KHcejuma, oahocho h.hxobhx aH
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XBffpmpfl ca axHHHMa, npBCHCTBCHO ca o-(peHTtiieHaHaMHHOM> ca kojkm Hacrajy

xerepomouiHHHa jeflHH»eH.a, 6eH3HflHMHfla30jiH rmpiwiHOBor pe^a. AcnMeTpH*iHH

nonowajH Kap6oKCHJiHHx rpyna kor nHpHAHHKap6oHCKHX KHcejnma, 36or npn-

cycrBa a30Ta, ycjiOBJtaBajy aa y peaKimjaina ca aiwHHMMa, TeopHjCKH MOH<e HacTara

BHiue H30iwepa. Tano cy KOHfleH3aHHjoM XHHOJWHCKe h UHHXoMepoHCKe KHcejiHHe

Ca 0-(J)eHHJienHHaMHHOM flOOHBeHH 6eH3HMHAa30JlH KOJH CaflpHte JiaKTaMCKH

npcreH, kojh ce Moace otbophth anKajinjaivia, ainoHHjaKOM, ajiKoxojioM HTfl.,

^ajyhH Hajpa3JiiraiTHje aepHBaTe. Ha OBaj Hawm je aoShbcho BHiue flecemHa

hobhx jeflHH>eHba. JIoKa3aHa je H»HXOBa crpyKTypa h o6jauiH»eH MexainraaM Ha-

erajaiba. H>HxoBa KOHCTHTyimja je ;jOKa3aHa H3Me!)y ocrajior h Ha ocHOBy npoy-

laBauba h>hxobhx yjiTpajby6HyacTHX ancopramoHHX cneicrapa. 3a BehH 6poj

KHcejiHHa oflpeljeHe cy npHBHflHe KOHcraHTe nHCOHHjauHje h Ha ocHOBy OBora

yTBp^eH pacnopea HaejieKrpHcaifca y je3rpnMa nHpo3HHa, THpo30Jia h HMHjia30Jia,

a THMe h ynnjaj h Mel)yco6HO flejcTBO n.Ba Hera xeTepo-aTOMa y je^HOM xerepo-

Uhkjihtoom je3rpy.

y o6jiacrH HeopraHCKe xeiviHje npo<p. Jleno je noce6HO 6ho 3aoKyiui>eH

npo6jieMOM noHama&a Merajia y KHcejiHHaMa, Koje cy HcroBpeMeHO nofljio>KHe

peflyiomjH. Tokom npBHx paflOBa ca hhhkom iiOKa3ajio ce na cy jj,o Tana pa3pa-

Jjene aaamnvpnie iweTOfle oflpel)HBaH>a npoH3BOfla pe^KUHje a3ome KHcejiHHe

He3afl0B0JBaBajyhe. Kano je o6jaum>eH>e MexaHH3Ma peaKUHje 3axTeBajio, npe

CBera, nomyHH SnjiaHC npoH3BOfla pejryKUHje, a Shjio hx je BehimoM h flo flecer

caMO y jeflHOM ornejsy, npHcrynjbeHO je y npBOM pe/ry pa3paflH, HajBehHM aejioM

opHTHHajiHHX MeToaa KBaHTHTaraBHe aHajiH3e. YcneuiHO peuieH»e OBora npo6jiejwa

oMoryhiuio je yTBpl)HBaH>e MHornx *nni>eHHua h .noGHjaite noniyHe cjihkc o cy-

ihthhh MexaHH3Ma peaKUHje MeTana ca KHcejiHHaMa Koje cy jenHOBpejweHO nofl-

jio>KHe h peflyKUHjH. TaKO je yTBpljeHO 3a ce npH pacTBapaH>y UHHKa y pa36jia-

j«eHoj a30THoj KHcejiHHH uejioKynaH, npiraapHO H3UBojeHH boaohhk TpouiH Ha

peayKunjy KHceiiHHe. BonpHHK ce H3UBaja caino aKO je Aieraji y apflupy ca iuia-

thhom h Taj BOflOHHK Heiwa pejryKUHOHy Moh. JIan>e, yTBp^eHa je iwet)yco6Ha

3aBHCH0CT AOSHjeHHX KOJIWIHHa BOflOHHKa H aittOHHjaKa H 3aBHCHOCT a30T-Cy60K-

CHfla oa a30THe KHcejiHHe h xHapoKCHJi-aMHHa. PacTBapaH>eM UHHKa y npucy-

CTBy m-(J)eHHJieHAHaMHHa yTBp^eHO je p,a ce y tom aryqajy mefyy peAyKUHOHHM

npoH3BOAHMa He nojaBJbyjy hh a30T-M0H0KCHfl hh a30T-cy6oKCHn., a npucyTaH

je XHflpoKCHJi-aMHH, uito fl03BOjBaBa 3aicn>yqKe o nocraHKy obhx npoH3BO,ija.

PacrBapaH>e UHHKa y CMeuiH asorae h cyivinopHe KHcejiHHe uobcjio je ,zk> 3aHHM-

JbHBHx 3aicn>yMaKa o 6p3HHajwa HacTajaH>a a30TacTe KHcejiHHe h a30T-cy6oKCHfla.

BejmKe KOJiHyHHe a30T-AHOKCH^a Koja ce nojaBJtyje Ka^a ce uhhk y KOHTaiay

ca njiaraHOM pacTBapa y CMeuiH KHcejuma, ^ajie cy H3BaHpeaaH eKcnepuMeHTajiHH

30Ka3 o npncycTBy HHTpoHHjyM-joHa (N02+) y CMeuiH asorae h cyjwnopHe KHce-

jiHHe h yKa3ajie Ha noTnyHy aHa^ornjy MexaHH3Ma H3flBajan>a BOflOHHKa h a30T-

-flHOKCHfla Ha njiaTHHH. H3 OBe o6^acni flejiOBaaa npocp. JleKO je ny6jiHKOBao

BHuie paflOBa. HeKH oa obhx iuirapaHH cy Kao Haj3HaiajHHje AOCTHTHyhe y xe-

jvmjH y CBeTy y 1949. roflmm y ny6jiHKaiuijH „roAHuiH>H H3BeuiTajH HanpeTKa

xesmje", Koje H3flaje XeivuijcKO flpyuiTBO y JIOHAOHy, a roflime 1950, noBOflOM

7. jyjia, npo(p. JleKO je ao6ho Harpa,zry Bna^e HP Cp6Hje.

IIpo(p. JleKO je npoy^aBao h pacTBapaH>e rBOK^a h Kajiaja y nepxnopHoj

KHcejiHHH, oflpetjyjyhH nofl pa3JiH«aiTH!« yaioBHMa yfleo flHpeKTHor pacTBapaH>a

weTajia, y3 H3flBajaH>e BO^OHHKa, h yaeo peayKUHje nepxnopHe KHcejunre. Obh

pe3yjnaTH cy npHKa3aHH y je/jHoj crpaHoj MOHorpa4)HjH o noHauiaH>y Mdajia

yonuiTe npeMa nepxJiopHoj KHce^HHH.
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HHTepecaHrao je Ha obom iwecry noMeHyra aa je npocp. JleKo CHHTera30Bao

npBO h flo capp jeflimo nepoKCH-je,ijHH>eH>e ojiOBa, aejcTBOM pacreopa HaTpHjyM-

-Kap6oHaTa Ha pacrBop ojioBO-HHTpaTa y npHcycTBy BoaoHHK-nepoKCHfla. IlepoK-

CHflHa npHpofla je#HH>eH>a je flOKa3aHa Ha BHuie HauHHa, a crpaHH ayropH (Ko-

jiapoB h MaHeBa) cy OBaj 3aKJby*iaK noTBpflHJiH peHflreHCKOM aHajnraoM.

Xejvmja cyjunopa, npe CBera hojihthohckhx KHcejuraa, je joui je^Ha o6jiacr

Koja je npHBJiayniia na>K&y npocp. JleKo. Tano je ncnHTHBao MexaHH3aM creapaaa

no^HraoHaT-joHa npn pacna^aay raocyjicpaT joHa, KopwcTehH ce nojiaporpacpcicoM

aHajiH30M 3a OApe^HBa&e nojiHTHOHaT-, raocyjicpaT- h cyjicpHT-joHa. IIoMohy

nojiaporpajna CHHALnbeHHX y Tony pacna^aaa THOcyjicpaTa, HAeHracpHKOBaHH cy

caiKO THOcyjicpaT-, cyjicpHT- h neHTaTHOHaT-joH. Y oiyiajy Ka«a je HcnHTHBa&e

BpmeHO y npHcycTBy TpoBajieHraor apceHa, ochm HaBefleronc joHa, HaljeHH cy

joui caivio cyinnop h apceH-TpHcyji<pH,ij. Obo je HaBejio Ha 3aKJi>yyaK ^a y tho-

cyjicpaT-joHy nocrojH paBHOTe>Ka H3iwel)y OBe crpyKType h fla npHcycrBO Tpo-

Ba^eHTHor joHa apceHa cra6HJiH3yje je^Hy CTpyKTypy, Koja cpaBopii3yje cTBapaH>e

neHTaTHOHaT-joHa h p,a cy aTOMH cyMnopa y THocyjicpaT-joHy noftno>KHH flHc-

nponopuHOHaqHjH, npH yeiwy Hacrajy ABOBajieHTHO no3HTHBHH aTOMH cyauiopa.

TaKolje je 3HaiajaH npnnor npocp. JleKO pa3Bojy Hcrpa>KHBaqKor psma

Ha noapyqjy CHJiHKaTHe xeMHje.

Ilopefl HaBefleHHX eKcnepHMeHTajiHHx pa^OBa, npocp. JleKo je y CBojiut

TeopnjcKHM pa3MaTpa&HMa aao opHTHHanHe KOHnennnje o BajieHTHHM craifcHMa

ejiejueHaTa, Koje cy, Ha>KajiocT, ocraiie no3HaTe caMO y Hauioj cpe/niHH aok je

aaHac cjHrqaH npncryn, npeKO OKCHflainioHHX SpojeBa ejiejweHaTa, npHXBaheH y

CBeiy nao je/nran Ha*«iH pa3iwaTpaH>a OKCHflannoHO-peflyKHHOHHX npOMeHa.

H3 H3Jio>KeHor MO>Ke aa ce bh^h je HaymH onyc npocp. JleKO imao y

unipeM noflpy^jy xeiwaje nHomipcKH KapaKTep. 3axBajbyjyhH obomc flaHac je

Ha TexHOJioiiiKO-MeTajiypiHKOM cpaKyjiTeiy BeoMa pa3BHjeH Hay^HH pag Ha cbhm

KaTeflpajwa Koje cy Hacrajie H3 HeKa#aiHH>er XeMHjcKO-TexHHMKor 3aBO^a3 KojHM

je CBojeBpeivieHO pyKOBOflHO h npocp. JleKo. HayiHH npo6jieMH Koje je oh hhh-

iyipao OMoryhmiH cy h H>ej«y h H>eroBHM capa^HHUHMa BHinero,mttint»H Hcrpa-

>KHBa^KH paa h ocHOBy 3a aajbH pa3Boj h rnHpeite aKTyejme HCTpajKHBauKe

npo6jieMaTHKe.

3a ^yroroflnuiH>y aKTHBHOcr npocp. JleKa Be3ano je h iteroBO rarrepeco-

Baae 3a cpe,zni>oiHKOJiCKy HacraBy. IfceroBH Beoiwa ycneuiHH cpejnfcouiKOjiCKH yu-

Seioam, neaaroniKH h ca Mspow HanncaHH, npeflCTaBJbajm cy 3a AecerHHe reHe-

paunja y uejioj CpoHjH, na h uinpe, npBH AOflHp ca xeiwajoM Koja je 6H.na npH-

cryna*iHa, 3am:MT>HBa h np?M uwn>HBa h, Ha HajSojbH Ha^HH npHJiaro^eHa IjaiKOM

y3pacry.

Beh i<ao nnap, HacraBHHK npocp. JleKO je pa^uo MHoro Ha nponarHpan>y

HayKe. JJ,p>Kao je npeflaBa&a Ha HapoflHOM yHHBep3HTeTy h imtcao uiaHKe 3a

naconwc „IIpHpofla h HayKa" h „OoTorpacp". Kaomje je OBy flCJiaraocT jom BHine

npouiHpHO flpHcehn npeflaBa&a y HacraBHOj ceKHiijH h noflpyHonmaMa CpncKor

X£M tjcuor flpyuiTBa.

Haj3afl, ajm He Ha nocneflH>eM MecTy, hmj npocp. JleKa je Hepa3^y»mBO no-

Be3aH0 ca nocrojafteM h pa3BojeM cbhx aKTHBHOcra Koje cy ce 0flBHjane y OKBHpy

CpncKor xejunjcKor apynrrBa. Beh ca noieTKOM CBor aejioBaaa Ha yHHBep3HTeTy,

oh y^iecTByje y paay JIpyuiTBa h 1927. ro#. 6HBa 6HpaH 3a noTnpeAceaHHKa Beo-

rpaacKe cennnje XeuwjcKor ^pyuiTBa JyroaiaBHje, ycrBapn CpncKor xeMHjcKor

flpyniTBa. Ha Toj flyHmocra ocraje 14 roflHHa, cBe ^o 1941. toa- Ka#a flojaam.

pjo npeKHfla y pagy JJpyuiTBa.
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Ily&jnmHcnraKa uejiaTHOCT npocp. JleKo y npenparaoM nepnony je CBecrpaHa

H o6HMHa. Oh oa, 1927. ron,. ypel)yje, ca hckojihko KOjiera, ^aconnc „ApxHB

3a ijejiOKynHy xeMHjy h cpapMauiijy" Kao npnaTaK „rnacy anoTeKapcTBa". OBaj

lacoimc 1929. ron,. nomrae na Hana3H caMOcrajiHO non. hmchom „AHajrH xeMHje

h cpapManHje". Craenehe ro^ume CXJX noKpehe cboj uacoimc „r.»iacHHK xeMnjcKor

ApyniTBa" h npocp. JleKo je CBe no 1941. ron,. 6ho cramm *uim PenaKUHOHor

oa6opa.

Ca o6hobjbchhm pane* CXJJ, neneMSpa 1945. ron,., npocp. JleKo Hcnon>aBa

noce6Hy aKTHBHOcr Kao npBH npencenHHK y Bpewe HajTeH<er nepnona oohobc

Tan,a, nopen, paHHjHX o6jiHKa pana, onpwaBaHba penpBHHX nJieHapHHx cacraHaKa

h H3flaBan>a Haytmor ^acorraca, npocp. Jleno HHHUHpa n npyre aKTHBHOCTH .Hpynrr-

Ba : pan, y ceKipijaMa h onCJopHMa, npnoihe KypceBa, pan. Ha nonyjiapH3auH)H xeMHje

H noqeB on. 1950. ron,. opraHH30BaH>e penpBimx ronHunbnx MacoBHHX HayyHHx

CKynoBa Beh TpanHUHOHajiHHX CaBeTOBa&a xeMOTapa CpSaje. Ilpocp. JleKo je

Ha fryjKHOCTH npencennHKa ocrao 10 ronima h 3a CBe to BpeMe je 6ho h ruaBHH

ypeflHHK rjiacHHKa xe»wjcKor npyniTBa. y obom nepnony ocHOBaHe cy 11 MHore

ceKHHje J^pyurrBa, Kao h hh3 non.py>KHHua, y KojnMa je npocp. JleKo .thmho

onp>Kao 6pojHa npenaBaita.

nopen, HaBefleHor, Tpe6a noceSHO HcrahH na je npocp. JIei<o 6ho noKpeTa*r

H jenaH on. oaniBaia crpytmor Maconnca „XeMHjcKH npernen,", npyre 3HaqajHe

ny6jno<aHHje CXJH, Kojn je noMeo ca H3Jia>KeH>eM 1950. ron.. CBojuM ayropH-

TeToiw h BejuncHM 3ajiaraH>e»i oh je HajBHuie npnpHHeo na Ce OBaj ^aconnc onp>KH

h creKHe onroBapajyhH yraen.. y noqeTKy, 6ho je 7 ronHHa *naH PenaKUHOHor

on.6opa, a 3aTHM on. 1967. ron.. no 1974. ronuHe rjiaBHH h onroBopHH ypennHK.

Kao H3pa3 3axBanH0CTH h npH3HaH>a 3a nyroronHuntH pan. h bcjihkh flonprnioc

pa3BHTKy JJpyurrBa, CXA je npocp. AneKcanapa JleKo roaSpano 3a noqacHor

npeflcenHHKa.

ITo3HaTo je na je npocp. JleKo Boneo My3HKy h My3HnnpaH>e. H3Mel)y nsa

paTa 6ho je ujiaH KawepHor aHcasiSjia Collegium Musicum, a hcto TaKO npen.-

cenHHK AKaneMCKor neBa*n<or npyniTBa „06itnHh". 3a H>era My3HKa je 3Hatnuia

3a^OBOJBCTBO h penaKcanHjy, aim h noflcrauaj 3a najte cTBapanaiKe Hanope.

3a H3y3eTHy HacraBHy, HayuHy h npyniTBeHy aKTHBHoer npocp. JleKo je

306HO HH3 3BaHHyHHX npH3HaH>a h ofljiHKOBaHia h to: CenMojyjiCKy Harpany

(3ajenHO ca n.p hh>k. C. PanocaBJbeBHheM) 1950. ron..; 3jiaTHy Men.ajiy C>paH-

nycKor npyniTBa 3a HHnycrpnjcKy xeMHjy 27. IX 1963. ron.; ByKOBy Harpany

15. IV 1965. ron,.; OpneH pa.ua ca npBeHOM 3acraBOM 29. XI 1965. ron.. h IIo-

Bejby JyrocnoBeHCKor npynrrBa 3a urapeH>e Hay^HHX ca3HaH>a „HHKOJia Tecjia"

3a H3BaHpenaH flonpHHOC HayuH h aeHoj nonynapH3anHjH 12. VI 1967. ron..

OBaj KpaTKH npmca3 5KHBOTa h pa^a npocp. Jleno caMO AOHeicne ocBeTn.aBa

CBecrpaHy nenaTHOcr jenHor H3y3eTHor WBeKa, Kojn he ocraTH y TpajHOM cehaH>y

Kao BpcaH ne^aror h HaymniK nmpoKHX 3axBaTa, Kao 3ajby5jbeHHK crpytnior

npyuiTBeHor pa^a, ajra npe CBera Kao jramtHocr vnja je jby^CKa TonjiHHa, xyMaHocr

h jBy6aB ca kojom je BacnHTaBao h o6pa30Bao HH3 reHepannja, 3paMiuia h jour

yBeK 3paMH y obom HaureM npocropy >KHBJbeH>a, a h umpe.

Ilpocp. np Cno6o^aH PaAOcaBJbeBnh
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By dissolving mixed hydrous chromium oxide in concentrated aqueous NaOH,

solutions are obtained containing both chromate (III) and chromate(VI) ions in

a molar ratio higher than 2.5:1 and which contain chromate(III) ions in a con

centration of about 0.74M; the latter is larger than concentrations attainable by

methods reported so far. Mixed hydrous chromium oxide does not exhibit a de

crease in solubility in concentrated aqueous NaOH even after standing for several

months at room temperature.

In the course of our investigations on some chromium(III) systems, a need

had arisen for obtaining alkaline chromate(III) solutions — in particular solutions

of sodium chromate(III) — which were to satisfy the following requirements: a)

to be free from those anions that exhibit significant ligand-acting properties, e.g.

Cl~, SO^~, and even NOJ; b) to be as concentrated as possible in chromate(III)

species.

The usual method of preparing sodium chromate(III) solutions is to dissolve

hydrous chromium(III) oxide, Cr203 • XH.2O — obtained by precipitation from

chromium(III) salts — in sodium hydroxide solutions of suitable concentration1.

O2O3 • XH2O must be freshly precipitated, since the precipitate undergoes a

steady process of aging if left standing, i.e. a process of a 3-dimensional cross-

-linking that occurs initially through OH-bridge formation and subsequently leads

to an oxo-bridged framework of Cr(III) sites2'3. As a result of this process, the

solubility of Q-2O3 • XH2O in aqueous NaOH rapidly diminishes with aging.

In addition, it is very difficult to remove various anions adsorbed to Cr203 • JCH2O

— the anions (e.g. Cl~ or SO\~) present in commercially available chromium(III)

salts that were used as the starting materials — so that these anions get carried

over into the sodium chromate(III) solutions.

Beside Cr203 • XH2O, there exists another type of hydrous chromium oxide

containing chromium(III) species. It is prepared by treating Cr03 by some aqueous

organic reducing agent, notably ethanol4. It is thought that the material repres

ents a mixed chromium oxide which in addition to the Cr(III) species also contains

some higher oxidation states of chromium. This work has investigated the possi

bility of using this mixed hydrous chromium oxide (MIOX) for obtaining sodium

chromate(III) solutions of appreciable concentration that would be free of the

undesirable anions listed above.
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EXPERIMENTAL

Reagents. All reagents were of p. a. purity and were used without further purification.

a-Cr203 was prepared by the thermal decomposition of (NH4)>Cr20T. Solutions of NaOH were

prepared in the absence of CO2.

Instrumentation. The electronic spectra were measured using a Varian Superscan-3 re

cording UV-VIS spectrophotometer.

Preparation of MIOX. A literature procedure1 was followed, according to which CrC>3

is reduced by treatment with aqueous ethanol. However, instead of filtering the reaction product

as directed by the literature, the reaction suspension was poured into a shallow open container

and allowed to dry by standing in air at room temperature. Thus the yield — based on C1O3

— was essentially quantitative. The product was a dark-brown material that on grinding gave

a dark-yellow powder containing 38—42% (by weight) chromium (vide infra). The X-ray powder

diffraction analysis6 showed the product to be an amorphous material.

Determination of the total chromium content in MIOX. For greater reliability, the material

was analysed both gravimetrically and spectrophotometrically.

a) Gravimetric procedure. The determination was accomplished by dissolving a sample (s0.15 g)

in 5 cm3 of 1 :1 nitric acid with heating on a water btth. Next, the solution was made alkaline

and the Cr(III) oxidized by the addition of bromine (in excess). The solution was then made

acidic and all the chromium was precipitated and determined as BaCrOi6.

b) Spectrophotometry procedure. The sample was treated as in the gravimetric procedure just

described. Upon completion of oxidation, the excess bromine was removed by prolonged boiling

of the wepkly acidic solution. Then, sodium hydroxide wts added to the solution in such an amount

as to yield a chromium(VI) solution being 4.9 molar in NaOH. For this solution the electronic

absorption was measured at 370 nm where for the chromate(VI) ion e = 4800 1 mol_1cm_1.7

The solubility studies. The solubility of MIOX was determined by suspending portions

of about 0.05 g of a finely ground sample into 100 g of 9.96 molar (30% by weight) NaOH. The

suspension was stirred in the absence of CO2, and the next portion of the sample was added only

after the previous one had completely dissolved; this was monitored by visually observing the

solution in a counterlight.

Analysis of the solution obtained by dissolving MIOX in aqueous NaOH. The total chro

mium content was calculated on the basis of the total chromium content in MIOX itself. The

chromium(VI) content was determined by dissolving 0.02—0.03 g of MIOX in 1—2 cm3 of

9.96 M NaOH, diluting the solution obtained until it was 4.9 M in NaOH, and measuring the

electronic absorption of the resulting solution at 370 nm.

Treatment of the aged sodium chromate(III) solution. The gelatinous mass — obtained

when a saturated solution of MIOX in 9.96 M is left standing at room temperature for about

a month — has been treated as follows. It was suspended in water, the suspension filtered, the

precipitate washed free of chromate(VI) ions and then dried at room temperature. The dried

product was used to prepare a Nujol mull which was applied in the form of a film onto the inner

side of a window of the spectrophotometric cuvette for the purpose of recording the electronic

spectrum of the solid.

Determination of the molar absorptivity coefficients of the alkaline chromiwn(I II) solution.

A solution of 0.4353 g of [CrCl2(H20)4]Cl • 2HsO (0.00163 mol) in 100 cm3 4.9 M NaOH was

prepared and its electronic spectrum — measured in a 10 mm path cuvette — was found to exhibit

an absorption maximum at 590 nm with A = 0.473, and another at 426 nm with A = 0.483,

which corresponds to the following values for the molar absorptivity coefficients: at 590 nm

t = 29 1 mol_1cm_1 at 426 nm, z = 30 1 mol-'cm-1.

RESULTS AND DISCUSSION

When MIOX (containing 38—42% by weight Cr) is dissolved in concen

trated aqueous NaOH, e.g. in 30% by weight NaOH, solutions are obtained

containing both the chromate(III) as well as the chromate(VI) species; the Cr(III)/
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/Cr(VT) molar ratio in such solutions is always greater than 2.5. This is obvious

from the following facts. Alkaline chromate(VI) solutions exhibit an absorption

maximum at 370 nm (e = 4800), whereas the alkaline chromate(III) solutions

— obtained by dissolving [CrCl2(H20)4]Cl • 2H2O in aqueous NaOH — show

maxima at 590 nm (s = 29) and 426 nm (e = 30). The alkaline solution of MIOX

has absorption maxima at 590 nm and 370 nm (^590 : ^370 ~ 0.02), which is

consistent with a simultaneous presence of the Cr(III) and Cr(VI) species in the

solution. (The absorption maximum at 426 nm expected for the chromate(IIl)

moiety is masked by a far more intense absorption — centered at 370 nm — due

to the chromate(VI) species). Moreover, this spectrum is identical to the elec

tronic spectrum of the solution of K2Cr04 and [CrCl2(H20)4]Cl • 2H20 in 4.9M

NaOH, prepared in such a way as to contain the same Cr(III)/Cr(VI) molar ratio

as the solution of MIOX in 4.9M NaOH (vide infra).

Although such solutions of MIOX in aqueous NaOH contain not only

chromate(III), but also chromate(VI) ions, their chromate(III) concentration is

higher than that attainable through dissolving Cr203 • XH2O in aqueous NaOH.

For example, by dissolving MIOX containing 41.85% (by weight) Cr in 9.96M

NaOH, a solution is obtained that is 0.74M in Cr(III). (This solution is also 0.26M

in Cr(VI), so that the total chromium concentration is 1.0M, and the Cr(III)/

/Cr(VI) molar ratio is 2.85). On the other hand, if freshly prepared O2O3 • XH2O

is used, it has not been possible to attain a Cr(III) concentration higher than

0. 182M and that only if 14.6M NaOH is used as the solvent8.

Attempts to prepare even more concentrated chromate(III) solutions than

about 0.74M by dissolving MIOX in still more concentrated aqueous NaOH

proved unsuccessful. For example, when MIOX is stirred for as long as several

days in 14.3M NaOH, the chromate(III) concentration in the resulting solution

does not approach the value attainable with 9.96M NaOH.

Alkaline chromate(III) solutions are slowly oxidized by air to chromate(VI)

solutions even at room temperature. This is true for such solutions no matter

whether they were prepared from MIOX or from Cr203 • xH^O. The oxidation

process was established by observing changes in the electronic specfa of these

solutions over longer time periods (20 days or more). Therefore, alkaline chro-

mate(III) solutions had to be stored in the absence of air.

The solution of MIOX in 9.96M NaOH, containing chromate(III) in the

above mentioned maximum concentration of 0.74M, is stable for about one month.

After that period it gradually turns into a gelatinous mass due to aging. The elec

tronic spectrum of the solid (in a Nujol film) obtained by washing the gelatinous

TABLE I. Electronic spectra of some chromium(III) systems

Material Absorption maxima, nm

Product of the aged Na-chromate(III) solution 583 406

Cr(H.O)J+ » 575 406.5

Cr(OH)3(H20)3, crystalline6 592 420

Cr(0,OH)3) amorphous" 606 429

a-Cr«03c 602 463

a-Cr203, obtained from (NHOsCrsO,* 602 465

A1 film of powdered sample in Nujol. "In aqueous solution* CA diffuse reflectance spectrum*.
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mass free of CtO}~ ions, exhibits absorption maxima at 583 and 403 nm. In Table

I these values are compared to the corresponding absorption maxima found for

the related chromium(III) compounds.

Although the various spectra listed in Table I were taken under relatively

different conditions, it is nevertheless possible to detect a trend of a shift of the

absorption maxima toward higher wavelengths as the degree of cross-Iinking

in the system (the „age" of the system) increases: i.e. from the essentially mono-

meric Cr(H20)£+ ion, to the moderately cross-linked [Cr(OH)3(H20)3], to the

thermally obtained and therefore highly cross-linked a-CrzOa. In that respect,

the spectrum of the solid formed in the aged sodium chromate(III) solutions

indicates a comparatively low degree of cross-linking. This is not surprising in

view of the fact that the aging process occurred at room temperature and the spec

trum was taken soon after the solid phase had begun to separate from the solution.

X-ray powder diffraction analysis of this solid shows it to be an amorphous ma

terial.10

MIOX differs from Q-203 • XH2O in that it does not lose its solubility cn

standing. While Cr2C>3 ■ XH2O dissolves in aqueous NaOH only when freshly

precipitated — since on standing it loses its solubility due to aging— MIOX dis

solves in aqueous NaOH even after having been standing for several months;

moreover, even after that period it yields the same concentration of chromate(III;

in 9.96M NaOH as does the freshly synthesized material. This apparent absence

of aging in such a solid is probably due to the presence of higher oxidation nates

of chromium in MIOX: the Cr(III) species, on the average, can no longer be

situated in such immediate proximity of" each other as they are in Cr«03 • xH«0,

for this reason, the process of cross-linking of the Cr(III) sites (i.e. aging) — first

through OH-, and then through O-bridges — is less likely to occur.

The presence of chromate(VT) ions in chromate(III) solutions obtained by

dissolving MIOX in aqueous NaOH is not inconsistent with the requirements

set in the introductory part of this paper: the chromate(VI) ion exhibits only

very weak ligand-acting properties.

H3BOS

MOrVRHOCT nPHMEHE MEUIOBHTOr XHflPATHCAHOr OKCHJIA XPOMA 3A

^OBHJAH>E AJIKAJIHHX PACTBOPA XPOMATA(III)

flymAHKA R. BACOBH-E, 'BOP'BH P. CTOJAKOBPTE h CJIOBOflAH R. PAflOCABJBBBHB.

TexHOAOWKO-Meiua/iypuiKU tpaKy.iuieui ymieepiumeuia y Eeocpady, u. up. 494,

11001 Eeoepad

PacTBapaaeiw MemoBHior XHflpanicaHor oKCHfla xpo.Ma y KOHneHTpoBaBiiM boachhm

paciBoptiMa HaOH floSujajy ce pacTBopH kojh caapwe xpoinaT(III)- h xpo*iaT(VI)-joHc y moji-

ckom ojrHocy BeheM on 2,5 : 1, a y KojHMa KOBneHTpaimja xpoMaT(III)-joHa mhocm oko 0,74M,

ihto je Behe ofl KOHijeHTpamija Koje ce Mory nocndiH Ha up ca^a no3Hare Hamme. MemoBHm

xnnpamcaHK okcha xpoiwa He noKa3yje CMaaeifce pacTBopn>HBocTH y KOHneirrpoBaHaM pacr-

BopiiMa NaOH mi nocne BHmeMeceiHor crajatta Ha co6hoj TeMneparypH.

(npHMJbeHO 14. fleueiw6pa 1982)
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,HOEHJAH>E XEKCA<UJiyOPOKOBAJITATHE(III) KHCEJ1HHE H XEKCA-

cJ>JTYOPOHHKOJIATHE(II) KHCEJIHHE Y BOflEHOM PACTBOPY H Y

OEJIHKY KPHCTAJIOXHflPATA

BEPA M. IUHEriAHOBHTi, CJIOEO.HAH JL PAHOCABJLEBHTi h

CJIOEOflAHKA P. MAPHHKOBWR

3a*od 3a ouui&y u iiecpiancKy xeMttjy, TexHOAOuiKo-MeiuaAyptuKU fwyjulUSi ynu»cp3uii)euiai

y Eeoepady, u.up. 494 11001, Eeoepad

(npiiMJbeHo 7. Aeue.\i6pa J982)

no aHajiorHjH ca pamije iWBcaemiM CHRTcaaMa xeKcacpJiyopoajiyMHUHjy-

MOBe(III) KHcejimie (H3[AlF»j) H3 Al(OH)s k HF m xeKcacpJiyopo<pepaTHe(III)

KHcenHHe (Hs[FeFa]) H3 Fe(OH)s h HF BpuienH cy npBH noKyiuajH chhtc3c xexca-

cpjiyopoKo6ajnaTHe(III) khcc.ihhc (Hs[CoF«]) ii xeKca<pjiyopoimKOJiaTHe(II) khcc-

jihhc (H4[NiF«]) peaKiwjoM Co(OH)s, oahocho Ni(OH)a ca pacTBopoM HF.

KoHcraTOBaHo je aa ce npn peaiumjii cbokc crajioKeHor Co(III)-XHflpoKcKna

ca pacTBopoiw 38% HF ao6itja 6ncrap pacrBop upBCHO-ji>y6HMacTe 6oje, kojh wwa

KHceJiy peai<unjy, pH = 2,63. ripn peaKmijn cB«Ke CTajiowceHor hhkji(II)-xh-

apoKCHAa ca pacrsopoM 38 % HF flo6njeH je ducrap pacrBop 3&neHe 6oje, pH =

= 2,85. YnapaBaifceM cHHTCTH30BaiiHX pacTBopa Ha BOflCHOM Kynarajiy H3AB0)chh

cy KpHCTaJiH KojH cy Hcnirraiui KBajiHTaraBHOM HU-aHajin30M. yroptjeHO je ;ja

xe.MHjcKH cacraB KpHCiana curcmapa (pop.wy.naMa: H3[CoF«] • xHaO h H^NiFg] ■

• xHiO. Pe3yjrraTii HcmmiBaiba ciiHTCTH30BaHnx pacTBopa noMohy (pjiyopiwie

jon-ceJieKTHBHe e.icKTpoAe, TaKofte cy noTBpAHJiH /ia cy y cnHTeTH30BaiuiM pa-

CTBOpKMa npHCVTHe KHCCJIHHe H3[CoF«] H H4[NiF»].

KoMiuieKCHe KHcejiHHe ca ^nyopHjifnm JiHraHflHAia joui yBei< cy Heao-

BOJbiio npoyueHe. Ochm KOMruieKCHiix KHcejiHHa 4>-ny°Pa ca 6opoM h chjihuh-

jyMOM, H[BF4] h H2[SiF«], no3HaTe cy h KonnjieKCHe KHcwiHHe (pjiyopa ca any-

MHHHjyMOM h rBO>K^eM, H3[A1F6] h HslFeFt], Koje cy Ten HeflaBHO chhtcth-

30BaHe h caMo flejiHMH»mo npoyveHe1.2.

Y jiHTepaTypn Mory ce Hahn noaauH o hckhm cojmMa KOMimeKCHHX kh-

ccjiHHa Co H Ni ca (JwiyopHflHHM jwrannHMa, Kao Ha nprowep: KsfCoFe], K2Na-

[CoF6], Naa[CoF«], LiafCoFe], Rb3[CoF«], Cs3[CoF6], Ba3[CoF6]2, Na^NiFe],.

K4[NiF«]3^1. CBe OBe cojuc aooHjeHe cy HCKJby*MBO „cyBHM nyTeM", tj. Haj-

lemhe CHHTC30M npocrax (jwiyopnaa Ha bhcokhm TcMnepaTypaiwa.

no ananorajH ca nocrynumvia, Koje cy pa3paaHJiH UlhenaHOBHh h apyrH1-8,

3a Ao6HjaH.e HsIAlFe] h H3[FeF«] y obom paay cy bputchh noKyiuajH «o6HjaH>a

HstCoFe] h HsfNiFe] peaiopijoM cbokc CTajioweunx Co(III) h Ni(II)-xHflpoK-

CHfla ca pacTBopoM HF.
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EKCnEPHMEHTAJIHH REO

JJo6ujaibe pac&eopa HatCoFs]

Taji03H Ko6aJiT(III)-xnnpoKCHfla AoonjeHH cy peaKimjo.vi 1 M pacTBopa Co(NC"3)2 ■ 6H2O

h 1 M pacTBopa KOH y3 AOAaTaK 3%-Hor pacTBopa HjOa [paAH oKcHAaunje Co(II) y Co(III)],

Ha co6ho) TeMnepaTypH h Ha Torino ojothm 3arpeBaH>eM peaKTaHata hctioa Trace Kn>y<iBH>a.

ITpcne Tajio*eH>a h cJninTpiipa&a Tano3H cy Huipuu flecnumcaHoM boaom ao npecraHKa pe-

aKiuije Ha NOs'-joHOBe.

HcnpaHH TaJio3H cy oflMax ca (pmrrpa KBaHTHTaTHBHo npeHe™ y nexap oa njiacTipme

Mace. 3aTHM je AOAaTa OAMepeHa KOJuramia pacTBopa 38% HF. PeaKraHTH cy y3ero y crexno-

MeTpHjcKHM KOJHWHHaMa npeMa jeAHamum:

Co(OH)3 + 6HF = H3[CoF6] + 3HsO (1)

Onne/m cy H3BeaeHH Ha cooHoj TeMnepaTypH.

Tano3H i<o6ajrr (III)-xitApoKcnAa, Ao6njeitn 6hjio Ha xjiaAHo 6hjio Ha toiijio, pearoBarra

cy ca pacTBopoM HF, ami hc KBaHTHTaTHBHo. Heiirro 5ojbe je npopearoBao lajior Kooajrr(III)-

-xHApoKCHAa Ao6HjeH Ha toiijio. MerjymM y 06a cnywaja jeAaH hmb>b Aeo Tajiora HHje npopea

roBao. Aeo Tajiora nojit HHje npopearoBao ca HF oABojeH je uerjeiteM, HcnpaH, ocymeH, a saTKM

je CHHMJbeH mnppaupBeHH cneicrap Ha cneicrpocpoTOMeTpy Perkin-Elmer 397. KBajiHTaTHBHo.M

HU-aHaJiH30M yTBpl)eH0 je Aa OBacyncraHuanpeACTaBJbaKo6ajrr(in)-OKCHAXHApoi<CHA, CoOOH.

PacrBop Ao6HjeH peaiamjoM Ko6ajrr(III)-xHApoKCHAa h 38%-Hor patrreopa HF je 6Hcrap,

Hiwa upBeHo-n>y6HtiacTy 6ojy, pH = 2,63 (roMepeHO noMohy AHrimuiHor pH-MeTpa cpHpMe

Radiometer, typ M62).

KoHueHTpaiuija cjio6oahhx F~ joHoaa y pacraopy OApetjeHa je noMohy tpJiyopiiAHe joh-

-ceJieKTHBHe eJieicrpoAe (pHpiwe Radiometer, typ F 1052. V 0,41 M pacraopy HitCoFg] (koh-

ueHTpairHja pacTBopa je cpa^r/HaTa npeMa kojihmhhh noJiaaHHX peaKraHaTa) KOHuemrpauMja

CJ1060AHHX F- joHOBa H3HocHJia je 5,29 • 10~2 mol F_/dm*, urro npeACTaBiba 1,76% oa yicynHe

Ko-iHMJiHe F~ joHOBa yHCTHX npeKo HF.

ffoSufaibe pac&eopa H<[NiF» ]

Hhkji(II)-xhapokcha je irpHnpeMJbeH m 1 M pacTBopa NiCla • 6HsO TajioHceaeM no

Mohy 1 M pacTBopa KOH, Ha co6Hoj TeMnepaTypH. nocne Tajioweita h <pnjrrpirpaH>a TaJior

je HCrrapaH ao npeciaHKa peaKinije Ha Cl_-joHOBe, a 3aTHM je KBaHTHTaTHBHo npeHeT y nexap

oa njiacTOume Mace. Ha Bjia>KaH Tanor AOAaTa je OAMepeHa KOJitraHHa 38%-Hor pacTBopa HF,

npeMa jeAKamaoi:

Ni(OH)» + 6HF = H4[NiF6] + 2HaO (2)

OrjieA je H3BpineH Ha co6Hoj TeMnepaTypH.

Tanor HHKJi(II)-XHApoKCHAa je BeoMa 6p3o, totobo TpeHyrHO, npopearoBao ca pacr-

BopoM HF. Ro6H)emt pacrBop je 6ho 6HCTap, 3eJieHe 6oje, Knceo. pH BpeAnocr pacTBopa i«-

HocHJia je 2,85.

KoHuempamija cjioSoahhx F--joHOBa y 0,46 M pacTBopy H^NiFe] (KOHueirrpauHja

TaKor)e H3pa<ryHaTa Ha ocnoBy Kojurame nojia3Hnx peaKraHaTa) H3Hocwia je 6,89 • 10-2 mol

F_/dm8, nrro npeAcraBJba 2,49% oa yKyrme KOJuporHe F~-joHOBa yHeTe npeKo dwryopoBo-

AOHHHHe KHCejIHHe.

Jto6ujan>e KpucuiaAoxudpaiua HstCoFe] ■ xHaO h H4[NiFe] ■ XH2O

VnapaBaibeM Ha boachom Kynanury u.pBeHo-jby6irqacTor pacTBopa AoSnjeHor peai<imjoM

Co(III)-XHApoKCHAa h pacreopa HF, Kao h 3CJieHor pacTBopa AoSnjeHor peaiamjoM Ni(II)-

-xHApoKCHAa h pacreopa HF AOOHjeHH cy y npBOM cnytajy KpHCTajiii po3e-jby6ireacTe, a y

ApyroM anyMajy 3ejieHe 6oje. H3ABojenH KpiicTajm cy cynieHH Ha co6Hoj TeMnepaTypH, a 38thm

cy CHHMJbeHH h>hxobh HHcppaupBeHH cneKTpH Ha cneicrpocpoTOMeTpy Perkin-Elmer 397 (cjiHKe

1><2).

y HH-cneKTpy po3e-jby6HqacTHX KpHcrajia (cjiHKa 1) Hajme ce cjieAehe Tpane:

— koa 480 cm-1, 3a Kojy cy Cotton 11 Meyers*'* h Peacock' >tbpahjth a3- npnnaAa [CoF«J»--

-joHOBHMa;
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— y oojiacrH 3500—3100 cm-1 h 1650—1610 cm-1, Koje npe.ua Gadsden-y' h Nakamoto-y

oflronapajy MOJieKyjiHMa BOfle nppcynniM y KpHCTaimoj pemcTKH; obh MOJieKyjm HsO cy

Be.3aHn cjia6iiM Be3a,\ia (boaohhmhhm aim joH-AimojiHiiM) u Hajia3e ce y cnojbHoj ccpepH

Ko.nnjieKca;

-— koa 740 cm-1, Koja mije iiorjia ca nomyHOM cwypHomhy m ce AecpHHHine, aim 3a
Kojy MOHte Aa ce npemocTaBH, Ha ochob>- nperjieAa JHrrepaType,"B, Aa noTiroe oa Bii6paunje

KpHCTanHe pemeri<e.

y HLI-cneKTpy 3ejiemrx Kpucrajia (cjimca 2) Hajia3e ce Tpatce:

— koa 480 cm-1, Koja npewa jiHTepaTypH5 oflroBapa [NiF«]*--joHOBHMa;

— y o6jiacTH 3500—3100 cm-1 h 1650—1610 cm-1, Koja OAroBapa MOJieKyjiHMa boac npHcyT-

hhm y KpHCTajjHoj peuieTKH y cnoJbHoj ccpepn KOivinjieKca6'';

— koa 735 cm-1, Koja He Mowe ca CHrypHouihy Aa ce Aedwiuiuie, ajiH MO>Ke Aa ce AOBege y

Be3y ca Bn6paiuijoM KpHCTajme pemeTKe*-8.

Ha ocHOBy HU-cneKTapa po3e-jby6miacTHx h aejieiiHX Kpucrajia cjicah Aa ce h>hxob xe-

MiijcKH cacraB MO»ce Aa npeflCTaBH xenmjcKHM (popMyjiaMa: HstCoFe] • XH2O H H^NiFe] • xHjO.

flHCKYCHJA H 3AKJtyHAK

Kao flOKa3H aa cHHTeTH30BaHH KHcejiH pacrBopH 3aHcra cajjpjKe KowruieKCHe

KHcejiMHe Ko6ajiTa(III) h HHKJia(II) ca (JuryopHflHHM jmraimHMa Mory aa noory>Ke:

a) pe3yjiTani HIJ,-aHajiH3e KpHcrajioxHapaTa aoCHjeHirx ynapaBa&eM HaBeaeHHx

pacTBopa h 6) pe3yjiTara KBaHnrraTHBHor o/rper)HBaH>a cjio6oahhx F~-joHOBa

y obhm pacTBopHMa.
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y HIJ-cneicrpHMa KpHcrajta, H3flBojeHHx npH ynapaBau>y CHHTeniaoBaHin

khcc.ihx pacrBopa, HarjeHe cy rpaKe koa 480 cm Koje noTBprjyjy npHcyciso

KOMiuieKCHiix joHOBa [CoFa]3- h [NiFe]4-.

OApel)iiBatt«M KOHueHTpamtje c.ioSoahhx (J)jiyopn«HHx joHosa, no«ohy

joH-ce-ieKTHBHe ejiercrpo/xe, nal)eno je fla je totobo cas yHera dpjryop komiuickchd

Be3aH. HaiiAie, y pacrBopy KOMrmeKCHe khccthhc Ko6ajiTa(III) on yKyimo yHcror

cpjiyopa y o&nHKy oioooahhx F~ joHOBa HafjeHO je 1,76%, a npeocrajiMx 98,24%

tpjryopa je KOMiuieKCHo BC3aH0. Y pacrBopy Ko.wruieKCHe KHcejiHHe muora(ir)

nar)eHO je 2,49% cjio6oahhx 4>iiyopn;THHx jonoBa h 97,51% komiuickcho Be3aHor

tpjiyopfl.'

Ha ocHOBy h3bcachhx HcrumiBaH>a MOHce aa ce 3aKn>yqH na cy .nooHjene

KOMiuieKcue KHcejiHHe HsfCoFe] h H4[NiFa] y pacrBopy h y o6jiHKy KpHcrajio-

XHflpaTa.

! SUMMARY

THE PREPARATION OF HEXAFLUOROCOBALTIC ACID AND HEXAFLUORO-

WCKELIC ACIDS IN AQUEOUS SOLUTION AND IN THE HYDRATED FORM

VERA C. SCEPANOVIC, SLOBODAN D. RADOSAVLJEVlC »nd SLOBODANKA R.

MARINKOVIC

Department of General and Inorganic Chemistry, Faculty of Technology and Metallurgy, Belgrade

University, P.O. Box 494, YU-11001 Belgrade, Yugoslavia

In analogy to the earlier performed syntheses of hexafluoroaluminic acid (H3[A1FS]) from

Al(OH)» and HF and hexafluoroferric acid (H3[FeFs]) from Fe(OH)a and HF, preliminary at

tempts were carried out in synthesizing hexafluorocobaltic acid (HsfCoFi]) and hexafluoronickelic

acid (Ha[NiF»]) by reactirg Co(OH), and Ni(OH)„ respectively, with aqueous HF. It was found

that when freshly precipitated Co(III) hydroxide is reacted with a 38% aqueous HF a clear

red-violet solution is obtained, which is acidic with a pH = 2.63. When freshly precipitated

Ni(II)-hydroxide is reacted with the 38% aqueous HF a clear green solution is obtained, pH =

— 2.85. By evaporating the freshly synthesized solutions, on a water bath, crystals were sepa

rated which were characterized through a qualitative IR analysis. It was found that the chemical

composition of the crystals corresponds to the following formulas : H3[CoFs] • xHjO and HUfNiF*] •

• xHjO. The results obtained by examining the synthesized solutions by means of a fluoride

ion-selective electrode further confirmed that in such solutions the existing species are HjfCoFs]

and H«[NiFe].

(Received 7 December 1982)
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ISOTONIC MEASUREMENTS OF AQUEOUS MIXTURES OF POTAS

SIUM SULPHATE AND MAGNESIUM SULPHATE

ROZALIJA R. NINKOVIC and DUSAN N. RADOVANOVIC

Factdty of Technology and Metallurgy, University of Belgrade, P.O. Box 494, YU-11000 Belgrade,

Yugoslavia

(Received 2 December 1982)

Isotonic measurements have been made of KaSQt-MgSC^ mixtures at

25°C over an ionic strength of 1.5 to 5.5 mol/kg, the ionic strength fractions of

the mixtures being approximately 0.2, 0.4, 0.6 and 0.8 in either salt. The results

are interpreted using mixed-electrolyte treatments.

Of the three-component aqueous solutions with a common ion which can

be formed in M-N-X-Y systems, where M = K, N = Mg, X = CI and Y = S04,

only the system K2SO4—MgS04 has not been studied by the isotonic method.

To complete this series we have made isotonic measurements of this system. The

results are reported here.

EXPERIMENTAL

The isotonic apparatus used in this work was similar to that of Robinson and Stokes1.

It consisted of a glass vacuum desiccator mounted on a rocking mechanism, a goldplated copper

block (17 cm in diameter and 2.5 cm thick) and twelve gold plated silver dishes. The dishes

with hinged lids were 3 cm in diameter and 2 cm deep. In each dish four glass balls were placed

to intensify the stirring. To prevent spattering of the solutions during evacuation, the desiccator

with dishes was never connected directly to the vacuum pump, but to an empty desiccator of

the same volume which acted as an intermediary reservoir between the desiccator with dishes

and the pump. When the vapor pressure of water was reached the evacuation was repeated ten

more times. At the beginning of each experiment, several drops of water were placed in the central

space of the copper block to help sweep out the air in the vessel during evacuation and to reduce

evaporation from the solutions. Also a few drops of water were placed on the block to ensure

a good thermal contact between the block and each dish. The equilibrium periods in the 25 ±

± 0.01°C thermostat lasted from two to nine days. After the allowed time the dishes were closed

and the vacuum was then broken. The dishes were weighed and the solution masses were cor

rected to their „in vacuo" values2. Another experiment was begun by adding a few drops of water

to each dish and reevacuating. Potassium chloride was used as the isotonic reference. The stock

solution was analysed by gravimetric analysis using AgNOs- Stook solutions of K2SO4 and MgSCh

were made from reagent grade salts and analysed by the gravimetric method using BaCU. The

salt mixtures were prepared simply by mixing the proper amounts of each solution.

RESULTS

The results of the isopiestic measurements are given in Table I. Here we

have tabulated vr»jr0r for the reference solution of KC1, ionic strength fractions

615
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yA and osmolality fractions *a for K2SO4, the total molality of solutions £ vb*»b»

ionic strength J and osmotic coefficients 0».

TABLE I. Isopiestic data for the system KiSOt(A)-MgSOt(B)-HiO

VRWR0R XA /

(mol/kg) (mol/kg) (mol/kg)

0.0000 0.0000 3.0922 6.1844 0.5883

0.1978 0.3303 3.2917 5.4959 0.5527

1.8192 0.3976 0.5690 3.2332 4.6268 0.5627

0.6062 0.7548 3.0644 3.8158 0.5937

0.7966 0.8868 2.9170 3.2474 0.6237

1.0000 1.0000 satur. satur. —

0.0000 0.0000 2.4180 4.8360 0.5463

0.1978 0.3303 2.4255 4.0497 0.5446

1.3209 0.3976 0.5690 2.3064 3.3006 0.5727

0.6062 0.7548 2.1611 2.6911 0.6112

0.7966 0.8868 2.0590 2.2922 0.6415

1.0000 1.0000 2.0259 2.0259 0.6520

0.0000 0.0000 2.1998 4.3996 0.5362

0.1998 0.3331 2.1502 3.5840 0.5486

1.1795 0.4054 0.5769 2.0282 2.8864 0.5816

0.6026 0.7520 1.9092 2.3826 0.6178

0.8099 0.8950 1.8051 1.9947 0.6534

1.0000 1.0000 1.7226 1.7226 0.6847

0.0000 0.0000 2.0276 4.0552 0.5319

0.1978 0.3303 1.9731 3.2943 0.5466

1.0784 0.3976 0.5690 1.8379 2.6333 0.5868

0.6062 0.7548 1.7306 2.1550 0.6231

0.7966 0.8868 1.6456 1.8320 0.6553

1.0000 1.0000 1.5654 1.5654 0.6889

0.0000 0.0000 1.7310 3.4620 0.5262

0.1998 0.3331 1.6478 2.7466 0.5528

0.9109 0.4054 0.5769 1.5337 2.1827 0.5939

0.6026 0.7520 1.4434 1.8014 0.6311

0.8099 0.8950 1.3650 1.5084 0.6673

1.0000 1.0000 1.2987 1.2987 0.7014

0.0000 0.0000 1.7062 3.4124 0.5223

0.1978 0.3303 1.6155 2.6973 0.5516

0.8911 0.3976 0.5690 1.4981 2.1439 0.5948

0.6062 0.7548 1.4014 1.7450 0.6359

0.7966 0.8868 1.3353 1.4865 0.6673

1.0000 1.0000 1.2723 1.2723 0.7004

The ionic strength fraction is defined as va = 1k\I, where / is the total

ionic strength of the solution on the molality scale and I\ the ionic strength of

the component A. The osmolality fraction is given by

VA»«A

TREATMENT OF RESULTS

The experimental results were treated by applying the equations of Scat-

chard3, Scatchard-Rush-Johnson4 and Pitzer-Kim first without5 and than by

introducing the electrostatic terms of higher order6.
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The treatment of the results was done in such a way to make it possible:

— to check the applicability of the procedures mentioned for a prediction

of the osmotic coefficient 0' (thermodynamic properties) of the multicomponent

electrolyte solutions on the basis of osmotic coefficients (thermodynamic prop

erties) of pure electrolyte solutions,

— to evaluate the coefficients by means of which it is possible:

a) to fit the dependence of the osmotic coefficient of a mixed electrolyte

solution on the composition and ionic strength of the solution,

b) to calculate the mean ionic activity coefficients of K2SO4 and MgS04

in a solution on the basis of molality.

Since the solubility of K2SO4 in water at 25° is approx. 0.7mol/kg, the

treatment of results could have been done only within a limited range of ionic

strengths (up to / = 2.1 mol/kg).

APPLICATION OF THE SCATCHARD EQUATION

Scatchard's expanded equation for the computation of the osmotic coefficient

used in this system reads as follows:

0 =*A0j+*B0B+ [^1)7+^/1+^3)78+^2, (yA -j*)/] (1)

1 + VA I

and

0 ' = *A 0 % + XB 0 b (2)

where :

oA and Og stand for the osmotic coefficients of pure A and B electrolyte solutions

having the same ionic strength as the mixed solution; b'g^, . . . , b'^ stand

for parameters which were functions of temperature, pressure, solvent and also

the properties of solutes indicated in the index.

The values of the osmotic coefficients of the pure electrolyte solutions were

calculated using the Pitzer equation for a1 and the corresponding parameters

for K0SO48 and MgS049 solutions.

The parameter values £>ab(,J) calculated by the least squares method using

the data from Table I and eq. 1, are given in Table II, together with the corre

sponding values of the standard deviation a of the measured and calculated osmotic

coefficient value.

TABLE II. parameters for the system K2S04(A)-MgS04(B)-H20

W> W *&*> a x 10*

-0.50484 0.24758 — — 25.6

— -0.02415 0.00743 0.00098 0.81

— -0.02198 0.00643 — 0.78

— -0.00916 — , — 1.3

— — — — 9.4

If Harned's rule of linear dependence of the mean ionic activity coefficient

on at least one (if not more) component of a mixed electrolyte solution at constant

ionic strength, was accepted, the parameters would have the following values:
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= - 0.17623 = 0.08387 and VJg> = - i b<g£>; o = 11 x 10~»

APPLICATION OF THE SCATCHARD-RUSH-JOHNSON EQUATION

If the interaction coefficient of two ions of the same sign in the form of

i?MjJiMN could be considered negligible, the osmotic coefficient of the mixed

electrolyte solution with K(M), Mg(N) and SO4OO ions would then be:

(0-l)=(0-l)'+ 1 [x m xN xy [«m' + + Bern's +

2H 2N

+ (xm-xn)W>'2 + fii^Nvm'»)]J (3)

and

< 0 - 1)' + - — Lxy\ Ay (zu + zy)^ + &»Ym'+ &*Ym'* +

*_M+ *J*_j_*Y [ L a' my

Ztl 2N Zy W

+B&>'3 + . . .j + *n*y pr(*N + *y)^+B&m'+B&m'2+#1&m'3 + . . . jj

where :

Ay — the Debye-Huckel limiting coefficient for the practical mean activity

coefficient

Zi — the absolute value of ion charge, 1" = M, N, Y

Xi — the equivalent ion fraction, z = M, N, Y

m' — the equivalent solution concentration

Bmy,"1 Bsy{1) — the coefficients dependent on the temperature, pressure, solvent

and solute properties, as indicated in the index, t = 1, 2, 3 ...

^mn> ■ • • > -^mmny — interaction coefficients of ions marked in the index,

irrespective of the solution composition.

Type Z\a' variables were defined as:

— = \(l + AW*) - 2 In (1 + ,4/1/2) ! 1 (5)

a' A*l[ 1 +AW* J

where A is the coefficient in the one parameter Debye-Huckel equation for 0.

Two-ion parameters ofthe type B my(" and Bny"' are related to the expanded

Debye-Hiickel equation coefficients10 by:

B

2 ZyZY
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4 ZX ZY

8 ZS 21

Lietzke and Stoughton gave the values of the A, B, C and D for the aqueous

solutions of MgS04 at 25°, so that A = 1.37486, J3nY(1> = - 10.84984 x 10"*,

J3NY<2> = 33.70544 X 10~3 and Bstm = -15.19432 X 10~4.

An attempt to approximate the experimental values of o for K2SO4 solutions

which were gathered in the Robinson-Stokes11 monograph, by the expanded

Debye-Huckel equation did not give a good agreement between the experimental

and computation values for 0. For that reason, in order to calculate the contri

bution of K2SO4 to the (0— 1)' value, the Pitzer expression was used for the ap

proximation of the o value. The comparison of expression (4) to Pitzer's expression

for 0 produces:

Z I1'2

Ay - = -A0 (7)

a' 1 + 1,2 P'2

and

BW = B° (8)

where: A0 — the Debye-Huckel limiting coefficient for 0 (A& = 1/3 Ay), Ba

— parameter, a function of the electrolyte and the ionic strength. The B^ and

B*i%Y coefficients in expression (4) then become zero.

The dependence of the equivalent concentration on the solution ionic strength

is given by:

™'=(l+y)r ("

TABLE III. Equivalent fractions of the ions in the system KaS04(A)-MgS04(B)-H»0

}>A XM *?f

0.1978 0.2474 0.7526

0.3976 0.4681 0.5319

0.6062 0.6724 0.3276

0.7966 0.8393 0.1607

0.1998 0.2498 0.7502

0.4054 0.4762 0.5238

0.6026 0.6691 0.3309

0.8099 0.8503 0.1497

The equivalent fraction of the SO4 ion in all solutions of this system equals one.

The relation between the ionic strength fractions of K2SO4 and the equivalent

fractions of K(M) and Mg(N) ions is given in Table III.
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The and SM$ coefficients are common to K2SO4 — MgS04 — H20

and KC1—MgCU—H26 systems and their values were determined using the

data for both systems12.

The interaction parameters for this system, determined by the least squares

method on the basis of data from Table I and eq. (3), are: = 0.09827,

B$&, = -0.17593 = -0.00637, B™^. =0.06500 and =-0.00560.

APPLICATION OF THE PITZER-KIM EQUATION

According to Pitzer and Kim, the osmotic coefficient of the mixed elec

trolyte solution equals:

(0 - 1) = (0'~ 1)+ ?"L*™_ [eMN+mY ^MNY+Ze'MN 1 (10)

wm+wn+my L J

(0'-l) = - 1 -(2//0 + 2/hm;hy[bmy + CM1

OTM+WN+OTY I L (Zlt+ Zy)1'2

+ 2mNmY \B^ + CMy 1) • (1 1)

(sn+sy)1'2 JJ

The values for B° and C0 parameters, needed for the calculation of the (0'— 1)

value could be found in literature8 9. The value /0 is defined by the right hand

side of eq. (7).

The dependence of the 8 parameter of the ionic strength being neglected,

eq. (10) reduces to the linear form:

(0-0') ^— = 8mn + nty '^mny (12)

2 m m»i n

The 0mn parameter is then equal to the intercept, and the 4'mny to the

slope in a plot of the left side of this equation against oty.

The values of the parameters thus obtained are : 8 m n = —0. 1 79 and iJmny =

= 0.110, with the correlation coefficient r being 0.79.

By examining the effect of higher order electrostatic terms on the thermo

dynamic properties of both pure and mixed electrolyte solutions, Pitzer found

that these properties were related to the mix ng of ions of the same sign, and that

they exist only in unsymmetrically charged ions. He assumed that these effects

could be seen in the G parameter for the mixture and he distributed it as follows:

8mn = 8Mn(s) + 8MN(e) . (13)

where: 8jis(e) — the contribution originating from the higher order electrostatc

terms and 6Mjj(s) — a combined effect of short range forces and the use of mola

lities instead of concentration.
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Pitzer gives expressions by means of which 6mn(c) and 6'mn(c), as well

as the corresponding e'(e)> could have been calculated. The 6mn(s) = —0.0951

and +mny = 0.0629 values were obtained from the straight line equation similar

to eq. (12), the corresponding term on the right hand side being o—o'(e). The

straight line correlation coefficient was 0.59.

i I

DISCUSSION AND CONCLUSION

The applicability of some procedures for the prediction of the properties

of mixed electrolyte solutions can best be seen from the data listed in Table IV.

In this table standard deviations are given for the fits of the data using two-ion

terms and all — interaction terms (that is for equations (1), (3) and (10), first

without higher order electrostatic terms and than by introducing them).

TABLE IV. Standard deviations for the fits of the data

Method od data treatment Two-ion terms All terms

Scatchard 9.4 x 10-» 0.78 x 10-»

Scatchard-Rush-Johnson 3.7 x io-» 0.90 x 10-»

Pitzer-Kim 12.9 x io-» 0.80 x 10-"

Pitzer-Kim with higher order

electrostatic terms 10.0 x 10-" 0.80 x 10-'

Table IV shows that the Scatchard-Rush-Johnson procedure is the best

for the prediction of properties in this system on the basis of known properties

for two-ion solutions. A somewhat poorer agreement between the experimental

and the calculated values for a when using all terms in the Scatchard-Rush-Johnson

method may be attributed to the combination of data from two three-ionic systems.

The calculated values of the mean ionic activity coefficients of K2SO4 and

MgS04 by using Scatchard and Pitzer-Kim parameters exhibit good mutual

agreement. The values obtained by the application of the Scatchard-Rush-Johnson

equation differ considerably from these values. This diffeience has to be attri

buted to a poor agreement of the approximate expressions for lny for MgSC>4

(the Lietzke-Stoughton and Pitzer equations).

The dependence of lny for K2SO4 and MgS04 on the ionic strength fraction

for the lny values calculated by the Scatchard method is given in Fig. 1. As it

can be seen, an addition of MgS04 to a K2SO4 solution causes the y of K2SO4

to grow. An increase of the K2SO4 fraction in the MgS04 solution causes a non-

-linear drop of lny for MgS04. This drop may be a result of a decrease of the

ion-solvent interaction in the MgS04 solution.
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H3BOJI

OCMOTCKH KOE*HUHJEHTH y CHCTEMY KAJIHjyMCyjI*AT — MArHE3H-

jyMCyjI4>AT — BOJIA

P03AJIHJA P. HHHKOBHTV n flyfflAH H. PAIXOBAHOBHH

TexnoJiouiKO-MeiuajiypuiKU tftaxy.iuieiu ynutep3utueiua y Beapady

H30T0HHMH0M MCTO^OM cy oopet)eHH ocmotckh KoecpHmijeHTH pacTBopa K,S04-MgSO,-

-H,0 Ha TCMnepaTypH 25° y oncery joHCKe jawHe ojy 1,5 flo 5,5 mol/kg h yacny johckc jawHc

CBane cojih npHojimKHO 0,2, 0,4, 0,6 h 0,8. Pe3yjrraTH cy o6paI)eHn csbpcmchhm nocrynuHMa

KOJH Ce KOpHCTC 38 BHUICKOMIIOHCHTHC paCTBOpC CJlCKTpOJtHTa.

(IlpHMJbeHO 2. AcucM6pa 1982.)
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The results obtained in the preparation of homoionic calcium and sodium

forms of montmorillonite, by the standard ion exchange resin tehnique, were

anomalous. The starting experimental material was montmorillonite separated

from bentonite .Jelenkovac" found in the Zaplanje region of the Socialist Republic

of Serbia. The fraction of the material was below 2 micrometers and the ion exchange

resin used was Dowex-50 in the H-form. The application of this method involved

previous preparation of the H-form of clay by first passing the clay suspension

through a column with an H-form exchanger and then neutralizing it with the

hydroxides of the desired cations. Besides the exchangeable Ca and Na ions, the

results also showed the presence of aluminium in the exchangeable position with

a simultaneous increase of the cation exchange capacity. This points out that during

the treatment of montmorillonite with H-resin (pH = 3.6) the aluminium from

the crystal structure has moved to the exchangeable position. This supports the

statement that montmorillonite of the H-form is unstable.

The unit montmorillonite structure cell is negatively charged. This excess

of charge is compensated by the adsorption of exchangeable cations into the inter-

layer space of the structure:

[Si4Oio(OH)2][(All.67Mgo.33)Nao.66(All.67Mgo.33)][Si40lo(OH)2].

The exchangeable cations are capable of the ion exchange reaction and the

cation exchange capacity (CEC) is their quantitative measure.

The „column" method of the preparation of homoionic clay forms1 involves

a slow passing of the clay suspension through a column with an ion exchanger

saturated with the desired ion. If the resin exchanger is saturated with the Mi

ion, and the clay is saturated with M2, M3... Mn ions, the exchange can be

written : resin exchanger Mi + clay Mi, M3. . . M» = resin exchanger — M2,

Ms, . . . MB + clay — Mi.

A study of the exchange reaction in which hydrogen takes part is made

difficult by the instability of the H-forms of clay, as supported by the works of

Gilbert and Laudelout2. In fact, the H+ ions in the exchangeable position are

easily displaced by aluminium from the crystal lattice.

The aim of this paper is to make clear whether the resin exchange method

is adequate in the preparation of homoionic clay forms by the neutralization of

its H-form.

625
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EXPERIMENTAL AND RESULTS

The starting material was the Jelenkovac bentonite — a fraction below

2 (xm separated by the multistage sedimentation technique3.

The cation exchange capacity, determined by the ammonium acetate method,

had the value of 96.7 mmoles of univalent cation to 100 grams of clay. The exchange

cations in montmorillonite obtained from Jelenkovac bentonite are shown in Table

I and the results of chemical analysis in Table II.

TABLE I. Exchangeable cations present in the Jelenkovac montmorillonite:

Ca Mg Na K S

mmolMVlOOg 68.7 17.6 9.2 3.4 98.9

TABLE IT. Results of the chemical analysis of the Jelenkovac montmorillonite

Loss of

ignition Si02 AI2O3 Fea03 CaO MgO Na20 K2O

% 6.6 68.5 17.0 2.33 2.0 3.0 0.65 0.15

mol/elem.

cell 10.78 3.01 0.26 0.32 0.67 0.19 0.03

Since the molecular mass of the Jelenkovac montmorillonite is 742.7 g/mol

and the average value of the cation exchange capacity is 97.8 mmoles of univalent

cation to 100 grams of clay, the negative charge, carried by the unit montmorillonite

cell i > 0.73, which is compensated by the exchangeable cations, as shown in Table III.

TABLE III. Exchangeable cations and their electrical charges in the Jelenkovac

montmorillonite

Ca Mg Na K £

mol/elem. cell 0.255 0.065 0.068 0.025 0.41

charge of

cation 0.510 0.130 0.068 0.025 +0.73

The structural formula of the Jelenkovac montmorillonite is4:

[Cao.25Mgo.o6Nao.o7Ko.o3]+0-73 [Ala Feo.aeMgo.eiCao.o?] [Si802o(OH)4] ■ 2.28 SiOs

3.94 mol

Homoionic H-forms were obtained by passing a one percent montmorillonite

suspension through a column with Dowex-50 exchanger in the H-form1-3. The

reaction of the clay conversion into the H-form was checked by measuring the

pH value of the suspension both before entering (pH = 9.2) and after leaving

the column (pH = 3.6). The montmorillonite suspension in the H-form thus

obtained was, after being kept at room temperature for 2 to 10 h, neutralized

both by means of a 0. 1 M NaOH solution down to pH = 8.6 and a 0.025 M

Ca(OH)2 solution down to pH = 8.3
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Analytical determination of the exchangeable cations of the montmorillonite

forms obtained, shows that no homoionic forms were obtained but it also shows

that beside the Ca2+ and Na+ ions there are also in the exchangeable position

Al3+, Fe3+, and Mg2+ ions, which reached there by migrating from the octahedral

layer of the crystal lsttice before the neutralization took place. This is shown in

Tables IV and V.

TABLE IV. Exchangeable cations present in the Jelenkovac Na-montmorillonite obtained

by the column method

Al Fe Ca Mg Na K 2 CEC

mmolM'/lOCg 20.0 1.2 36.7 20.6 32.5 1.8 112.8 99.2

TABLE V. Exchargjable cations present in the Jelenkovac Ca-montmorillonite obtained

by the column method

Al Fe Ca Mg Na K 2 CEC

mmolM+/10Cg 20.4 1.0 69.0 20.0 2.1 1.3 113.8 100.4

TABLE VI. Chemical composition of the Jelenkovac Na-montmorillonite

Loss of

igiition S1O2 A1203 Fe203 CaO MgO Na20 K20

6.40 68.40 17.20 2.30 1.60 3.05 1.10 0.15

mol/elem. cell 10.15 3.01 0.26 0.25 0.68 0.32 0.02

TABLE VII. Chemical composition of the Jelenkovac Ca-montmorillonite

Loss of Si02 A1203 Fe203 CaO MgO Na20 KaO

ig lition

6.55 68.30 17.05 2.40 2.35 3.15 0.35 0.10

mol/elem. cell 10.13 2.98 0.27 0.38 0.69 0.10 0.02

The molecular mass of the Jelenkovac Na- and Ca-montmorillonites are

742.8 and 742.5 g/mol, respectively, whereas the average value of the cation

exchange capacities are 106 and 107mmol to every 100 grams, so that the elec

trical charge of the montmorillonite unit cell is in both cases —0.79.

TABLE VIII. Exchangeable cations and their charges in the Jelenkovac Na-montmorillonite

Al Fe Ca Mg Na K S

mol/elem. cell 0.050 0.003 0.136 0.077 0.241 0.013 0.52

charge of cation 0.150 0.009 0.272 0.154 0.241 0.013 +0.84

The structural formula1 of the Jelenkovac Na-montmorillonite is:

[Alo.05Cao.14Mgo.08Nao.24Ko.01] +0-84 [Al2.96Feo.26Mgo.6oCao.ii] [Si802o(OH)4] 2.15Si02

3.93 mol
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TABLE IX. Exchangeable cations and their charges in the Jelenkovac Ca-montmorillonite

Al Fe
• Ca

Mg Na K £

mol/elem. cell 0.050 0.002 0.255 0.074 0.016 0.010 0.41

charge of cation 0.150 0.006 0.510 0.148 0.016 0.010 +0.84

The structural formula4 of the Jelenkovac Ca-montmorillonite is:

[Alo.05Cao.26Mgo.07Nao.02Ko.01] +0 M fAl2.93Feo.27Mgo.62Cao.12] [Sis02o (OHM •

•2.13Si02 3.94 mol

DISCUSSION OF RESULTS

By comparing the structural formulas of the raw and ..treated" Jelenkovac

montmorillonite forms, it can be concluded that:

— Al3+ ions have appeared and that the number of Mg2+ ions in the ex

changeable position has increased. These have reached the exchangeable position

by migrating from the octahedral layer,

— the number of moles in the octahedral layer has decreased (from 3.95

to 3.94 or 3.93 mol),

— the negative electrical charge of the unit cell has increased, which is

manifested by an increase of the CEC (from 98 to 106 or 107mmol M+ to 100

grams), and

— the number of free SiC>2 moles has decreased.

CONCLUSION

The resin exchanger method is suitable for the preparation of clay in the

H-form. The neutralization5 of the clay so obtained must be done immediately

after it leaves the column by means of suitable hydroxides. Otherwise, the H-clay

will be spontaneously converted into the heteroionic form because the Al3+, Fe3+

and Mg2+ ions will migrate from the montmorillonite structural lattice to the

interlayer space in the exchangeable position.

The appearance of Al3+ and Fe34" as well as the increase of the number of

Mg2+ ions as exchangeable cations in the interlayer space of the montmorillonite

structure prove that montmorillonite in the H-form is unstable.

H3BOJI

MHrPAUHJA OKTAEHAPCKHX KATJOHA H3 KPHCTAJIHE PEIIIETKE KA H3-

MEHJLHBOM IIOJIO)KAjy Y H-OBJIHKy MOHTMOPHJIOHHTA

MHJ1BHKO MAPHMITR, MAPHJA TEUHJIA3HH-CTEBAHOBirE, JLHJBAHA K0CTHTi-rB03^EH0BirB

h TOMA JAHA'B.KOBH'E.

Eupo 3a epaf>eewiapcuieo Eeoipad u TexHOJioutKO-Meuia/iypuiKU ^aKyAiueiu EeotpadcKOi VHtisepmiiieuia

u. up. 494, 11001 Eeoipad

IIpH j(oonjan,y xoMojoHCKMX Kajiu>tjyM h HaTpHjyivi o6jinKa mctoaom cmojihhx MeH>a*ia,

flo6njeHH pe3yjrraTH cy 6hjih ano.MaJiHH. MaTepujan 3a eKcnepHMeHTe 6ho je MoHT.MopHnoHirr

H3flnojeH H3 6eHTOHHTa .Je^eHKOBai;", 3annaH>cKor 6aceKa CPC, 4>paKL(Hja Majt>a ofl 2 |im,
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a cmojkh MCH>a<i (Sao je „DOWEX-50" y H-ofijoncy. IIpnKBa Merofle npemodaBAa nperxoABO

AOOBja&e H-o6jiHKa rjume npooymrasbcM cycneraKje rame Kpo3 KOJiosy ca Meamai y H-

-o6jiHKy, a aaiBM H>eHy HeyipamfaanBjy XHApoKognoia mvTtrmn Kaijosa. Pesyjmra o/n?e-

l)HBaa>a k3mch>kbkx KarjoBa npoHSBCAeRUX xoMojoHCKioc oojmca cy noraavni nopen wwr

ibHBHx Ca ■ Na-joHa h npHcycroo •JiyMHHRjyMt y h3mch>hbom nanowajy, ya hctobpcmch nopacr

Karauomra K3mchc KaTjoHa. Obo yraayje «a je BepoBaiHo npH iperapuby MOHTMopmioHHTa

H-cmojiom (pH = 3,6) anyMHHujyM ks KDHcnuiKe cipyKtype MHrpnpao y h3mchji>kbh nojiwiuj,

3a BpcMe cnjou cycneH3Hje rjume y H-ofixancy y BpOKHy on cBera hckojihko qacoBa. Obo

roBopH y rrpmior cxBtnnby fla je H-o6jihk mohtmophjiohhts RcnocTojaH.

(IlpHMAeHo 2. AeqeM6pa 1982)
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The aim of this paper is to contribute to the knowledge of the quantitative

formulation of ion exchange reaction in clays. The equilibrium was studied at

13°C in a system of solutions of NaCl and CaCla the concentrations of which

never exceeded 0.1 mol/dm3 and the Jelenkovac montmorillonite, the particle size

fraction of which was below 2 yon. The results obtained for the standard free energy
of the Ca-Na exchange applying the Gapon equation (AGC'V"= 11.40kJ/mol) and

those obtained by the method by which the standard free energy is determined

in accordance with the real equilibrium constant (AGJ."" = 11.24kJ/mol) showed

a large degree of concordance. The latter method also includes the exchangeable

ion activity coefficient obtained from data of ion-clay interaction, which includes

data on the thickness of the interlayer space in the montmorillonite structure, as

well as the thickness of the basic montmorillonite layer itself.

A new approach to the definition of the standard free energy of cation ex

change in clay minerals was used by Shainberg1 by defining the necessary work

needed for the transfer of each of the two types of present cations from the imme

diate vicinity of the exhanger to infinity, opposing Coulombic forces acting bet

ween the cation and clay. For the distance which corresponds to the idea of

„immediate vicinity" Shainberg takes the sum of radii of the hydrated cation in

the solution and of the theoretical thickness of the basic layer of the montmo

rillonite structure.

According to Shainberg, the total standard free energy of the A-B exchange

on montmorillonite is the sum of the free energy needed for the removal of the

ion A2+ from the montmorillonite surface (Z) to infinite distance in the solution

and of the free energy needed for the attraction of the B+ ion from the solution

on to the surface.

The standard free energy needed for the removal of the A2+ ion from the

montmorillonite surface to infinite distance in the solution is

(Received 2 December 1982)

A - Z2 = A2+ + 2Z-

B+ + Z- = B - Z

 

(1)
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where rx is the distance from the axis of the interlayer distance to the plane in

the layer where the negative charge is located. Similarly, the standard free energy

needed for the transfer of the B+ cation from the solution on to the montmorillonitc

surface is

AOS- f^dr-** (2)

The total standard molar free energy of the cation exchange is given by

the sum of eqs (1) and (2)

AG" - AG* + AG° = * Na - Z* 6*Na (3)

trA e rB

where e is the electric charge, z the cation valency, N\ the Avogadro

and e the dielectric constant.

In considering the equilibrium of ion exchange the definition

AG0 = -RT InJCj (4)

's used, where K% is the thermodynamic constant of ion exchange equilibrium,

connected to the distribution coefficient (Ka*) by

/a

with the necessary condition that the cation concentrations in the solution one

equal to their activities, /a and /b are then ion activity coefficients on clay and

can be defined knowing the microstructure of the clay mineral1

In/, = - ^ (6)

R T

where ACi is the electrical interaction of the cation with the negative charge in

clay, the value of which is

2 tn

where z\ is the valency of the negative charge, zz — cation valency, e — electric

charge, Na— Avogadro's constant, e — dielectric constant, n — effective distance

of the cation from the negative charge.

EXPERIMENTAL

With the aim to quantitatively formulate ion exchange, montmorillonitc obtained from

the Jelenkovac bentonite — the fraction smaller than 2 (im — was subjected to the exchange

reaction. Montmorillonitc in biionic (Ca, Na) — form, was treated in mixtures with different

portions of NaCl solution and CaCla solution, the concentrations of which never exceeded 0.1

mol/dm 3. The concentration of Ca2+ and Na+ ions exceeded the capacity of clay exchange by
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many times. After 72 h of contact between clay and solution, at a temperature of 13% with con

tinuous shaking, equilibrium was found to be set. The ionic strength of the solution remained

constant throughout the exchange.

RESULTS AND DISCUSSION

The selectivity coefficient of the ion exchange reaction was established

from the composition of the equilibrium solution and from the content of the

changeable cations on montmorillonite. It was shown that the Ca-Na exchange

exreaction is strongly favoured in regard to Ca.

According to the general form of the Gapon equation2 the selectivity co

efficient, Ks%, is defined by the relation

(8)

where Ai, B\ is the ion concentration on clay in mmol/lOOg, and Ao, Bo — the

ion concentrations in solution in mmol/dm3. For the studied exchange reaction

the obtained value ATggJ = 0.0083, giving, for the standard free energy of the

Ca-Na exchange at 13°, AG°g? = 11.40kJ/mol.

From the literature data on the thickness of the montmorillonite layer and

the assumption on the interlayer thickness according to the hydratation radii of

the cations, the activity coefficients of the Ca and Na ions on the clay are calcula

ted3-9. The thickness of the montmorillonite layer is 0.93 nm, where the negative

charge is not located in the middle of the thickness of the layer, but is moved

toward the positive charge by polarization, to a distance of 0.42 nm. Exchangeable

cations are in the middle of the interlayer distance of the two basic montmorillonite

layers. The sum of those two distances is the effective distance of the cation from

the negative charge. A schematic survey of the Ca-montmorillonite structural

layer thickness, Na-montmorillonite structural layer thickness and the interlayer

space is given in Fig. 1. The electric interaction of the exchangeable cations

with negative charge in clay then, according to the eq. (7), is

13085 J/mol

20548 J/mol

, (1.62)(10-38)(2)(1)(3.01 x 1023)

4tc (8.85 x 10-12) (5) (1.06 x 10"9)

OjS2) ( 1 0-ssK 1Kl)(6.02x 1023)

4t:(8.85x 10-i2)(5) (0.675 x 10-9)

where the value of er = 5 has been taken for the relative electric permittivity,,

the valency of the negative charge is z\ = 1, electric charge e — 1.6 X 10"19C,

and the number of Ca ions is two times smaller due to the double charge of cal

cium. The activity coefficients of the exchangeable ions on clay are, according

to eq. (6):

/c» = exp(- 13085/8.314 x 286) = 4.1 x 10"3

/it, = exp (-20548/8.314 x 286) = 1.75 X 10 1.
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Ca-vnvttmoKl lonitr

13!

tin

M, 0 64

■

Hiitil

21

'Cj= 0.64.0.42=

= 1.06 nm

Na - montmorillonite
 

Na
= 0 255 • 0.42 =

= 0 675 nm

T'ig. 1. Schematic of the Ca

— and Na — montmorillonite

structural layers with the in-

terlayer spacing.

Knowledge of the montmorillonite microstructure allows calculation of the real

standard free energy of Ca-Na exchange for Jelenkovac montmorillonite, at

13°, according to eq. (3).

AG°g,a = AG°C, + AG?,a = (22)(1.62)(1Q-38)(3.01 x 1023)

4rc (8.85 x 10-18) (5) (1.06 x io-9)

(l2) 1.62) (10-38) (6.02 x 1 023)

4rc (8.85 x lO"*2) (5) (0.675 x 10~9)

= 11.24 kj/mol

The large degree of concordance between the real standard free energy of ex

change and the standard free energy of the exchange reaction according to the

Gapon equation can be accounted for by the fact that both approaches originate

from the double electrical layer theory. Bolt7-8 by analysis of the Gapon equation,

has proved that it is really only a good approximation of the Ericson9 double layer

equation.

CONCLUSION

The activity coefficients of the exchangeable Ca and Na-ions were obtained

from data on the interlayer thickness of montmorillonite and the thickness of

the basic structure layer of montmorillonite, and their values are /ca = 4. 1 x 10~3

and /nu = 1.75 x 10-4. By this approach the real standard free energy of Ca-Na

interchange on the Jelenkovac montmorillonite at 13°C has the value of AG°gf =

= 11.24kJ/mol, and this is in agreement with the value obtained by means of

the Gapon equation, of 11.40 kj/mol.
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H3BOI

CTAHHAPflHA CJIOBO^HA EHEPrHJA PEAKUHJE H3MEHE JOHA KOA BHJOH-

CKOr (Ca, Na) — OEJIHKA MOHTMOPHJIOHHTA

MHJIEHKO MAPHMHH u MAPHJA TEUHJIA3H-R-CTEBAHOBHT1

Eupo 3a tpafyetuiiapcuieo Eeoepad u TexnoAouiKO-MeuiaAyptuKU gSaxyAiueui ymutpsuiiitiSa y

Eeoepady, 11000 Eeoepad

\Xajb paaa je AonpuHoc 3HaibHMa o KBaHTirraTHBHoj (popMyjiauHjH peammje H3MCHe

joHa ko,i rjiHHa. PaBHOTeH<a je npoyjanaHa npii TeMnepaTypii ofl 13° y pacTBopwvia CMeuia NaCl,

CaCl» ii MOHTMopiLTOHHTa .Je.ieHKOBau" cppanmije Man>e o,i 2 (im. Pe3yjiTaTH ao6jijeHH 3a craH-

.lapaiiy cjio6oflHy eHeprajy Ca-Na n3,MeHe npitMeHOM TanoHOBe jeAHamnie (AGS" = 1 1 ,40

kj/mol) h MeTOfle no Kojoj ce craHjapaHa oioooAHa eHeprnja Ca-Na H3MeHe oapetjyje carJiacHO

ca npabom KOHCTaHTOM paBHOTOKe (AGS* = 11,24 kj/mol), noKa3ajin cy Ao6po Met)yco6Ho

cjiaraibe. riocjieaifea MeroAa yKibynyje h aKTHBHOCTH joHa Ha MeH>a<ty (Ha tjihhh) flo6njeHe

H3 noAaiaKa o Mer)y,nejcTBy joHa h name urro ymbyqyje h noaaTKe o AeoJbiiHH MerjycjiojHe 06-

JiaCTH CTpvKType MOHTMOpHjIOHHTa H fleOJbHHH OCHOBHOr CJIOja MOHTMOpHJIOHHTa.

(ripHMJbeHO 2. aeueM6pa 1982)

REFERENCES

1. R. Levy, I. Shainberg, Clays Clay Minerals 20, 37 (1972)

2. E. N. Gapon, Zh. Obshch.Khim. 3, 144 (1932)

3. F. E. Bear, „Chemistry of the Soil", Reinhold Publishing Co. New York 1955, p. 94.

4. P. F. Low, Israel J. Chem. 6, 325 (1968)

5. H. Van Olphen, „An Introduction to Clay Colloid Chemistry", Interscience Publishers, New

York 1963, p. 149

6. L. Wiklander, Ann. Roy. Agr. Coll. Sweden 14, 1 (1946)

7. J. V. Lagerwerff, G. H. Bolt, Soil Sci. 87, 217 (1959)

8. M. Tecilazic-Stevanovic, Doctoral Thesis, The Faculty of Technology and Metallurgy, Bel

grade 1965

9. E. Eriksson, Soil Sci. 74, 103 (1952).





TJIACHHK XEMHJCKOr flPyiUTBA BEOrPAj;

BULLETIN DE LA SOClETE CHIMIQUE BEOGRAD

47 (11) 637—642 (1982)

GHDB-871 UDC 678.56:66.092

Original scientific paper

SPLITTING OF THE S-S BOND IN DISULFIDE POLYMERS BY THE

SULFIDE ION IN THE PRESENCE OF SULFITE

VLADIMIR J. REKALIC, MIRJANA E. TENC-POPOVlC, SLOBODAN D. RADOSAV-

LJEVIC and JELENA ZOZUK

Faculty of Technology and Metallurgy, University of Belgrade, P.O. Box 494, YU-11001

Belgrade, Yugoslavia

(Received 6 December 1982)

It is shown that disulfide polymers obtained from bis-2-chloroethyl formal

can be depolymerized, i.e. the S-S bond can be heterolytically split by the reaction

of the sulfide ion in the presence of sulfite ions. During this investigation the possibility

of depolymerization with the ratio Na2S:Na2S03 0.25:0.5, 0.5:0.5 and several

ratios from 0.1:1 to 1:1 were examined. It was also found that depolymerization

is possible with a mixture of hydrosulfide and sulfide ions in the presence of sulfite

ions. The obtained results show that in all the mentioned cases liquid polysulfide

polymers are obtained the average molecular mass of which ranges from 380 to 6680

depending whether a larger or smaller amount of sodium sulfide and sulfite was taken.

Liquid polysulfide polymers are used as adhesives, sealants, for casting,

coating or impregnating. These polymers of low molecular mass (between 400

and 5000) the molecules of which have terminal thiol groups

HS (-R-S-S-)„ | +- RSH

are obtained by the splitting of bonds between divalent atoms of sulfur in disulfide

polymers of high molecular weight.

The splitting of bonds among sulfur atoms is performed by a nucleophilic

agent among which the following ones proved to be successful.

— hydrosulfide ion in the presence of sulfite ion1-3

— dithionite ion in the presence of alkaline hydroxide4.5

— hydrazine in the presence of alkaline hydroxide6.

As the initial substance for obtaining liquid polysulfide polymers, the ap

propriate tetrasulfide polymer is prepared by the polycondenzation of an alkyl

dihalogenide (most frequently bis-2-chloroethyl formal) and alkaline tetrasulfide:

n Hal-R-Hal + n Na2S4 -> (-RS4-)„ + 2« NaHal.

The obtained polymer can be desulfurized later on with no difficulty, by heating

with sodium hydroxide:

5(-RS4-)» + 6nOH- -> 5(-R-S2-)„ + 2nS4~ + SaOa" + 3«H20

637
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The product obtained in such a way can be depolymerized by splitting the S-S

bond in one of the above mentioned methods. In case this is performed with hy-

drosulfide ions in the presence of sulfite ions, the reaction can be shown by the

following equations:

-R-S-S-R- + HS" ~ -RS - + HS-SR-

HS-SR + S03— RSH + S2O3--

The mode of performing the reactions, as done in this study will be explained

in detail in the experimental part.

A question which we always asked was why the sulfide ion was not used

for depolymerization for which it was well-known to split the disulfide bond,

e.g. in cystine.

Fettes and Mark9 tried to find an answer to that question by studying the

efficiency of splitting the disulfide bond in the presence of sodium sulfite and

found that sodium hydrosulfide was a very efficient agent, that sodium sulfide

was fair, while sodium disulfide and hydroxide did not split the disulfide bond.

In addition to that, they ascertained that the yield of polymers decreased by the

increase of quantity of sodium sulfide, however, in view to Shore hardness they

came to the conclusion that the molecular weight slightly increased.

We have, therefore, made investigations in this work, endeavoring to obtain

a reply whether the sulfide ion splits the S-S bond in the disulfide polymer.

EXPERIMENTAL

Preparation of the tetrasulfide polymer

We used a freshly prepared solution of sodium tetrasulfide and bis-2-chloroethyl formal

for the synthesis of tetrasulfide polymer. In a 500 cm3 four-necked, round-bottomed flask equipped

with dropping funnel, reflux condenser, thermometer and stirrer, were placed 150 cm3 of a 2

mol dm"3 solution of sodium tetrasulfide (0.25 x 1.2 mol), two drops of sulfonated ricinoleic

acid, and 1.6 g (0.04 mol) of sodium hydroxide dissolved in 5 cm3 of water. A solution containing

4.0 g (0.02 mol) of magnesium chloride (MgCl2 • 6H2O) in 10 cm3 of water was then added dropwise

to the mixture. The flask was heated to 75° with constant stirring and 43.3 g (0.25 mol) of bis-

-2-chloroethyl formal was added dropwise through the dropping funnel, after which the reaction

system was heated to 98—100 with vigorous stirring for another hour. During this time the

condensation of bis-2-chloroethyl formal and sodium tetrasulfide was completed and a tetra

sulfide polymer dispersion of high molecular mass was formed. The polymer particles were

allowed to settle and to cool to 50° then the supernatant liquid was decanted.

The polymer was redispersed in 500 cm3 of warm water, stirred, and separated once again

from the washing liquid. This procedure was repeated twice to remove inorganic salts.

Desulfurization of the tetrasulfide polymer

The dispersion of the tetrasulfide polymer (about 120 cm3) was heated in a little water

to 75° and 24 g of 50% carbonate-free solution of sodium hydroxide (0.25 x 1.2 mol) was added

to decrease the sulfur content from 4 to 2 atoms per segment.

The reaction was carried out at 90—95° with vigorous stirring for another hour. The

disulfide polymer was washed again before depolymerization.

Depolymerization of the disulfide polymer

The thoroughly washed polymer (about 125 cm3) was heated in a reaction flask to 70°

with constant stirring. Then, the selected weight of anhydrous sodium sulfite and selected volume,
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of solution of sodium hydrosulfide or sulfide were added. The reaction system was then heated

to a temperature of 80° for another hour.

When the depolymerization was completed, the obtained product (polymer and mother

liquor) was cooled to a room temperature and coagulated with constant stirring by adding 20%

H3SO4 to pH 4. After the settling of the polymer, it was thoroughly washed and dried under

pressure of 2.5—4.0 kPa at a temperature of about 70°.

Analysis shows that the sulfur contents these polymers corresponds to that of disulfide

polymers. It ranges between 38.2 and 39.0%.

The average molecular imsses of the polymers were determined by iodimetric titration

of the terminal thiol groups, in polymers soluted in toluene or benzene.10

The sulfur contents were determined by the Wurzschmitt semimicro method, by oxi

dation with sodium peroxide and by determining the sulfate as barium sulfate.11

Preparation of sodium hydrosulfide and sodium sulfide solution

To a weighed Erlenmeyer flask of 300 cm3 with a ground stopper 40 g (1.0 mol) NaOH

p.a. and 100 cm3 of distilled water are added. The Erlenmeyer flask is fitted with a rubber stopper

through which a tube is placed for instilling H2S, coming from a Kipp apparatus. In the course

of instilling H2S, the solution weight is inceased due to the absorption of H2S :

NaOH r HsS -> NaHS + H20

The Erlenmeyer flask is weighed from time to time and when the first reduction of weight is

perceived, the reaction is completed. In theory, the absorbed quantity of HSS should be 34 g.

In the course of instilling, the original red color is converted into green. The reaction is exothermic.

The solution obtained in the Erlenmeyer flask is transferred into a volumetric flask of

250 cm3 to which boiled and cold distilled water is added .The solution such obtained contains

approximately 4 mol dm'3 NaHS and a small quantity of NasS.

The exact concentration of NaHS and NasS is determined by titration. Sodium sulfide

solution is prepared by the addition of an equivalent quantity of sodium hydroxide solution.

Determination of the mixture of hydrosulfide and sulfide ions

To an Erlenmeyer flask of 500 cm3 25 cm3 HC1 0. 1 mol dm~3 and 25 cm3 solution of

I2 0.05 mol dm-3 are added. The solution is diluted with distilled water up to 400 cm3 and the

solution containing hydrosulfide and sulfide ions is added from a burette till the iodine solution

becomes light yellow. During this operation the following reactions occur:

Na2S + 2HC1 -» H2S + 2NaCl

NaHS + HC1 -* H2S + NaCl

H2S + I2 -► 2 HI + S

After the volume of the added sulfide solution is noted, we add to it a starch solution and

the iodine excess is titrated by a solution of NaaS^Ch 0.05 mol dm-3.

The volume of iodine solution 0.05 mol dm~3 consumed during the reaction (Kis) is cal

culated from the difference of the consumed volume of iodine solution 0.05 mol dnr3 and the

volume of thiosulfate solution 0.05 mol dm-3.

Methyl orange is added to the solution which is titrated by a solution of NaOH 0.1 mol

dm-3. The difference between the volumes of solution NaOH 0.1 mol dm-3 and HC1 0.1 mol

dm-3 gives the volume of solution NaOH 0.1 mol dm 3 which is consumed in the titration of

hydroiodic acid (Knboh).

From the above data we calculated the quantity of NaHS and Na2S in grams in 250 cm3

of solution:

mN»Bs = 56.06 Kn«oh/Ks and »»n»js = 39,03 (Fi»-2FNaOH)/Ks

RESULTS AND DISCUSSION

The influence of the sulfide ion on the splitting of the S-S bond in disulifde

polymers has been examined for a constant quantity of sulfite ions. With one

group of experiments the quantity of sulfite ions was 0.5 mol per segment of pol

ymer, and with the other 1.0 mol. The total quantity of sodium hydrosulfide

and sulfide in the mixture by means of which the depolymerization was performed,

was 0.5 mol per segment of polymer.
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The results in Table I show that depolymerization can be effected by means

of sodium sulfide in the presence of sodium sulfite and also by a mixture of so

dium sulfide and hydrosulfide. Experiments 2—7 and 10—15 show that the mo

lecular masses of products obtained by depolymerization by 0.5 mol NaHS, 0.5

TABLE I. The influence of the mole ratio of sodium sulfide in a nucleofilic mixture on the

depolymerization efficiency of disulfide polymer

NaHS NaiS NasSOa Mn Yield

mol/segment polymer %

1 0.4
 

0.5 1465 74

2 0.5 — 0.5 1220 72

3 0.4 0.1 0.5 1300 69

4 0.3 0.2 0.5 1215 63

5 0.2 0.3 0.5 920 61

6 0.1 0.4 0.5 965 82

7 — 0.5 0.5 1050 77

8 — 0.25 0.5 6625 91

9 0.4
 

1.0 691 64

10 0.3 — 1.0 525 62

11 0.4 0.1 1.0 400 63

12 0.3 0.2 1.0 370 58

13 0.2 0.3 1.0 435 56

14 0.1 0.4 1.0 322 48

15 — 0.S 1.0 450 65

mol Na2S and their mixture are approximately the same. By comparing exper

iments 2—7 and 10—15 it could be ascertained that in the presence of 1.0 mol

of sodium sulfite products of considerably lower molecular masses are obtained

than when working with 0.5 mol. In most cases polymers are obtained the mo

lecular weights of which are reproduced with acceptable deviations ranging

± 20—30%. For example, under the conditions of experiment No. 7, a polymer

was obtained having a molecular weight of 1300, while under the conditions of

experiment No. 15, a polymer of the molecular mass 365.

Polymers to which greater deviations as to the value of molecular mass are

ascertained are rarely obtained, while scarcely rubbers are obtained. Such de

viations occurred, according to us, due to non-adherence to the optimum condi

tions during synthesis, washing and especially drying the products or due to long

storage of solutions of hydrosulfide and sulfide.

Experiments 7 and 8 show that when using half the quantity of sodium

sulfide a polymer of considerably higher molecular mass is obtained.

The results of experiments 3 and 5, Table II, show that the same phenom

enon also appears in the presence of 1 mol sodium sulfite, but the differences

in molecular masses are considerably smaller.

In Table II molecular masses of the products obtained by depolymerization

by 1 .0 to 0. 1 mol of sodium sulfide are listed. The presence of 1 .0 mol of sodium

sulfite undoubtedly has an effect on obtaining products of lower molecular masses.

This is quite evident when comparison is made between the results of experiment

8 (Table I) and 6 (Table II).

As regard to yield, records in Tables I and II show that it is lower the lower

the molecular mass. Reproduction of yield is considerably slighter with products

of lower molecular masses due to better dissolution.
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TABLE II. Effect of the quantity of sodium sulfide on the depolymerization efficiency of

disulfide polymer

Na2S Na2S03 Mn Yield

JVa mol/segment polymer %

1 1.0 1.0 395 58

2 0.7 1.0 380 69

3 0.5 1.0 450 65

4 0.4 1.0 691 64

5 0.25 1.0 1495 87

6 0.1 1.0 4200 70

In view that the molecular mass of one polymer is, in fact, the average value

of the fractions of higher and lower molecular masses and since during heating

in the course of drying complete redistribution of molecular masses does not

happen, it is quite evident that polymers of very low molecular mass are lost due

to dissolution.

TABLE III. The influence of time of storage of the polymer prepared with sodium sulfide

Na2S Na2S03

mol/segment polymer

Mn T Mn T Mn

days months

1 0.5 0.5 1050 62 1040 8 1115

2 0.25 0.5 6625 35 6630

3 0.5 1.0 450 45 480 5.5 560

4 0.7 1.0 380 35 405 6 365

5 1.0 1.0 395 35 415

In connection to the stability of polymers, the results in Table III show

that by the depolymerization of sodium sulfide in the presence of sodium sulfite

the polymers the molecular masses of which are not changed over some period

of time are obtained.

H 3 B O

PACKHJIAHjE S-S BE3E Y JJHCyjIOWIHHM IIOJIHMEPHMA CyjIOHJ-JOHOM

y npHcycTBy cyjioHT-joHA

BJIAJIHMHP J. PEKAJIHH, MHPJ'VHA E. TEHU-nonOBHH, CJIOEOflAH fl. PAflOCABJLEBHTi ■

JEJIEHA 303YK

TexiioAOUixo-MeuiaAypiuKu tfiaxyAuieui, EeoipadcKU ymsepmiueui, u. tip. 494, 11001 Eeoepad

HcnHTHBaifea y obom paay noKa3yjy «a ce flHcyjnhHflHH nojiHMepii flooHjeim H3 6hc-

-(2-xjiopeTHJi)-dx>pMyjia Mory aenojiHMepH30BaTK, ij. S-S Be3a ce Mo«e xeTepojnrnwKH pac-

KHHyrH flejcTBoiw cyji(bHfl-joHa y npHcycTBy cyji<pHT-joHa. IIphtom je HcrurraHa MoryhHocr

AenojiHMepH3amije ca oahocom Na,S:Na8SO, 0,25:0,5; 0,5:0,5 h Bmue oAHoca on 0,1:1 «o

1:1. Hcto TaKo Ha^eHo je «a je AenojntMepiraamija Moryha h ca CMeuioM xHAporeH-cyjHpHA-

-joHa h cyji<bnA-joHa y npHcycrey HaTpnjyM-cyjidJHTa. JIoowjeHH pe3yjrraTH noKa3yjy aa ce y

cbhiw HaBeoesHM cjiytajeBHiwa Ao6Hjajy tcihh nojiHcyjicpHAHH nojiBMepn HHja je cpeflaa pe-

jiaTMBHa MOjieKyjicna Maca oa 380 flo 6680, 3aBHCHo oa Tora Aa mt je y3era Beha hjih iwatba ko-

junHHa HaTpHjyM-cy^cbHAa.

(IIpHMJbeHO 6. fleue,«6pa 1982)
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The first order rate constants for the reaction of thermal dealkylation of th:

compounds of the general formula 2,4-bis[XQHiCH(CH3)NH]-6-Cl-$-triazines

where X = H, p-CH.3, p-Cl, p-Br, w-Cl and p-NO„ were determined. Kinetic para

meters k, Ea, log A and AS4 are listed, together with the rates relative to the unsub-

stituted compound at 230°C. The logarithms of these latter quantities when plotted

against a+ yield a straight line of a slope p = — 2.46. It is concluded that the reaction

involves a cyclic transition state with a partially positive a-carbon atom.

Former reaction studies of thermal degradation of 2,4-bis-(alkylamino)-6-

-chloro-s-triazines have shown that by heating these compounds, the reaction

of dealkylation of the N-alkyl group occurs, along with formation of olefin and

2-alkylamino-4-amino-6-chloro-5-triazines, most likely via the intramolecular

six-membered cyclic transition state1-4 (Scheme 1), similar to other p-syn-pyro-

lytic elimination.

Scheme I

Ci 

Influence studies of the N-alkyl group structure have shown that yields

of this reaction and orientation, represent the result of combined influence of

steric, statistical, thermodynamic and entropy factors.1-4 In our previous work5

we studied the influence of a-methyl substitution on the dealkylation reaction

rate and it was stated that the rate increased along with the degree of Ca atom

alkylation and that the sequence of a-methyl substituted i-triazine derivatives

reactivity is as follows: tertiary> secondary> primary. This sequence of reactivity

has been maintained even after the correction for statistical and thermodynamic

factors, which suggested that in the transition state of this reaction, the heterolytic

breakage of the Ca-N bond is more important for the reaction rate, than the for

643
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mation of the Ca-Cp double bond, in other words, that the Ca atom to a certain

extent has in the transition state a character of the carbonium ion.

In order to determine more precisely to what extent a positive charge on

the Ca atom develops in the transition state, a synthesis was carried out and the

reaction kinetics of thermal dealkylation of m- and p-substituted 2,4-bis(a-phenyl-

ethylamino)-6-chloro-s-triazines within the temperature interval from 200° to

280°C was examined.

RESULTS AND DISCUSSION

The reaction rate constants of thermal dealkylation of m- and ^-substituted

2,4-bis(a-phenylethylamino)-6-chloro-5-triazines, the compounds of general formula

2,4-bis[XC6H4CH(CH3)NH]-6-Cl-i-triazine, are determined by measuring quan

tities of evolved olefins supposing that 1 mmol of the olefin is produced by 1 mmol

of the substrate. The degradation follows first order kinetics, and values of the

rate constants at certain temperatures as well as the value for log A, Ea and AS*

are given in Table I.

TABLE I. Reaction rate constants and activation parameters for reaction of thermal dealkylation

of 2,4-bis[XC,H4CH(CH3)NH]-6-Cl-i-triazines

X t(°C) lO'fcCs-1) corr. coeff. log A £^(kj mol-i) A5*(Jmol-1 k

H

210

230

250

0.70

3.37

10.50

0.9975 11.30 142.72 -40.21

p-CH3

200

210

230

1.82

3.35

14.70

0.9992 12.06 143.50 -26.42

p-Cl

200

230

250

0.14

1.25

3.60

0.9978 10.32 137.55 -58.80

p-Br

210

230

250

0.18

0.91

2.80

0.9966 10.93 144.71 -47.31

m-Cl

230

250

270

0.22

1.10

3.30

0.9964 11.42 154.55 -39.50

P-NO2

250

270

280

0.15

0.53

1.26

0.9919 11.98 168.51 -27.57

* Determined at 230°C

Accordingly, it is possible to see from the data in Table I that the sequence

of reaction rate constants depends on the nature of substituents present on the

a-phenyl ring. Such a sequence of reactivity is in compliance with the general

statement achieved on the basis of numerous investigations of pyrolysis of sub

stituted a-phenylethyl acetates6 and chlorides7, that electrondonating substituents

accelerate and that electronwithdrawing substituents decelerate the pyrolysis re

action. This is explained by the influence of substituents on the heterolytic breakage
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TABLE II. Relative rates of substituted 2,4-bis[XCeH4CH(CH3)NH]-6-Cl-j-triazines and

corresponding o and a+ values"

log k/k.

p-CH3

H

p-Cl

p-Br

m-Cl

P-NO2

0.640

0.000

-0.431

-0.568

-1.185

-2.009

-0.17

0.00

0.23

0.23

0.37

0.78

-0.31

0.00

0.11

0.15

0.40

0.79

0.6

0

•02

-OA

■12

-22

\p-CH3

\ "H

-OA -0.2 \ 02 0.4 0.6 Ofl d-

\p-CI

\P-Br

\m-Cl

\ P-N0,

Fig. 1 . Plot of log k/k0 against a+

of Ca-0 or Ca-Cl bonds while the Ca atom in the transition state partially has

a character of a carbonium ion, and to a smaller extent by the increased thermo

dynamic stability of evolved olefins.

Applying the Hammett equation of the form log k/ko = pa+ on the py-

rolysis of substituted a-phenylethylacetates6 and a-phenylethylchlorides7, excellent

correlations of relative pyrolysis rates with substituent a+ values were obtained,

that in conformity with many former papers8-10 shows that the pyrolysis reaction

includes electron deficient structures which could stabilize in the transition state

by the electrons from the aromatic ring bonded to the electron deficient carbon

atom.

A sign and value of the reaction constant p, which is for the pyrolysis re

action of substituted a-phenylethylacetate6 and substituted a-phenylethylchloride1

p = — 0.66 and p = — 1.4 respectively, show that in the transition state of these

reactions heterolytic breakage of Ca-O or Ca-Cl bond occurs to a certain extent,

with the Ca atom having a partially positive charge.

Following the above mentioned explanation and in order to show to what

extent the positive charge on the Ca atom occurs in the transition state of the

dealkylation reaction of investigated s-triazine derivatives, relative rates (in log
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arithmic form) at 230° were correlated with substituents a and o^. The values

of relative rates and these of a and o+ are given in Table II and the correlation

diagram is given in Figure 1.

The fact that the correlation of the reaction relative rates is better with

electrophilic substituent constants a+ (corr. coef. 0.9963, p = — 2.46) than with

a (corr. coef. 0.989) as well as the negative value of the reaction constant p show

that the C* atom in the transition state of this reaction has a character of a carbo-

nium ion, which was also indicated in our previous work.5

This simultaneously shows that the accelerated dealkylation reaction in

the investigated series of substituted a-phenylethylamino-s-triazine derivatives,

starting from p-NOz to p-CHs derivatives, is to be explained by an easier het-

erolytic breakage of the Ca-N bond, having in view that the statistical factor

is identical in the whole series.

Negative changes of entropy of activation show that most likely in this case,

as well as in the case of investigated a-methyl substituted j-triazines, the tran

sition state is of a six-membered cyclic structure.

Comparing the dealkylation reaction rate constant of 2,4-bisO-phenyl-

ethylamino)-6-Cl-j-triazine which at 270° has a value k = 0.90 x lO^s-1 with

the constant of dealkylation rate of 2,4-bis(a-phenylethylamino)-6-Cl-5-triazine

(determined by approximation) k = 11.72 x lO^s-1, shows that the latter is

26 times more reactive (having in view the statistical factor) than the derivative

with the phenyl group on the C3 atom. As these two derivatives differ only in

the position of the phenyl group and as the olefin obtained by dealkylation of

either compound is identical, it is possible to conclude that heterolytic breakage

of the Ca-N bond is a dominating reaction step. The stated difference in reaction

rates points to an uneven electron density in the transition state with a carbonium

ion character of the C* atom.

EXPERIMENTAL

Kinetic experiments. Thermal dealkylation of investigated s-triazine derivatives was carried out

by heating substrate (0.1 and 0.25 mmol) at different temperatures, in glass ampoules in an

oil-bath (±0.5°). Dealkylation products were analysed chromatographically in dodecane and

hexad'-cane. Bearing in mind that styrene and substituted styrenes appear as a product of the

investigated reactions, certain quantities of hydroquinone were added into the ampoules which

prevented polymerization of the reaction products within a certain period of time at the exper

imental temperature. Each of i-triazine derivatives were dealkylated at least three times, and

kinetic data fitted a first order equation in all cases. The rate constants were calculated from

the slope of the line of best fit determined by the least squares method. The average values of

k are given in Table I. Average deviations from the mean were within 5—10%. Activation energies,

log A value and entropies of activation were calculated from the Arrhenius and Absolute Rate

Theory equations and the transmission coefficient was taken as unity.

The degrees of conversion of the i-triazines under experimental conditions were between

17—90, 27—93, 6—57, 7—48, 5—42, 3.5—20 per cent respectively for a-phenylethylamino-,

a-(p-methylphenylethylamino)-, a-(p-chlorophenylethylamino)-, a-(p-bromophenylethylamino-, 1-

-(m-chlorophenylethylamino)- and a-(p-nitrophenylethylamino)-j-triazines. The degree of con

version of 0-phenylethylamino-j-triazine was 7.5% at 270°.

G.l.c. A Varian Aerograph 1400 gas chromatograph was used with nitrogen as the carrier gas.

The injector temperature was 250°, the flame ionization detector temperature was 280° and the

column temperature (1.5% OV—101 on Chromosorb G.H.P.) was 200°. Standards were pre

pared by adding 50 and 100 ji.1 of authentic samples into a measured quantity of dodecane or

hexadecane. High purity liquid olefins, exept for p-nitrostyrene, were commercial products

(Fluka). p-Nitrostyrene was prepared by the know method.11
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Materials. All s-triazines were synthesized by the general procedure of Thurston.18 The purity

of the recrystallized compounds (from ethyl acetate) was checked by t.l.c. and elemental analysis.

2,4-bis(a-phenylethylamino)-6-chloro-j-triazine had m.p. 148—150°; yield 90%. (Found: C,

65.00; H, 5.40; N, 19.30; CHtcN.Cl requires: C, 65.3; H, 5.70; N, 19.8).

2,4-bis(ot-p-methvlphenvlethylamino)-6-chloro-s-triazine had m.p. 140—142°; yield 80%. (Found:

C, 66.00; H, 6.45; N, 18.10; C3,HmN,C1 requires: C, 66.20; H, 6.30; N, 18.24).

2,4-bis(a-^-chlorophenylethylamino)-6-chloro-i-triazine had m.p. 138—140°; yield 75%. (Found:

C, 54.20; H, 4.05; N, 16.8; C^H^Cls requires: C, 54.00; H, 4.30; N, 16.60).

2,4-bis(a-/>-bromophenylethylamino)-6-chloro-j-triazine had m.p. 145—148°; yield 70%. (Found:

C, 44.20; H, 3.30; N, 13.20; CItH„N,ClBr2 requires: C, 44.60; H, 3.54; N, 13.70).

2,4-bis(a-w-chlorophenylethylamino)-6-chloro-s-triazine had m.p. 128—130°; yield 80%. (Found:

C, 54.20; H, 4.10; N, 16.10; C„H„N,Cl3 requires: C, 54.00; H, 4.30; N, 16.60).

2^4-bis(a-p-nitrophenylethylamino)-6-chloro-j-triazine had m.p. 155—159°; yield 70%. (Found:

C, 51.20; H, 3.90; N, 21.8; CwHuN,04Cl requires: C, 51.40; H, 4.10; N, 22.10).

2,4-bis(^phenylethylamino)-6-chloro-j-triazine had m.p. 244—246°; yield 90%. (Found): C,

64.20; H, 5.80; N, 19.20; C„H„N,C1 requires: C, 64.50; H, 5.70; N, 19.80).

Amines used in the present investigation, exept for <x-(p-nitrophenyl)ethylamine and

fJ-phenylethylamine, were prepared from the corresponding substituted acetophenones.13 oc-

-(p-nitrophenyl)ethylamine was prepared as a hydrochloride by direct nitration of a-phenyl-

ethylamine'4, and (J-phenylethylamine was prepared by reduction of benzyl cyanide1'.

We thank the Serbian Republic Research Fund for financial support.

H3BOJ1

KHHETHKA PEAKU.HJE TEPMH^IKE flEAJlKHJIAOHJE 2,4-EHC(AJlKHHAMHHO)-6-

-XJIOPO-J-TPHA3HHA. E<1>EKAT oc-<t>EHHJI CynCTHTYUHJE

HCHBOPAfl fl. TAflHU, MHJIAH JX. MyinKATHPOBHH, h EPATHCJIAB X.. JOBAHOBHH

3aeod 3a opiancny xeMtijy, TexHO/wtuKO-Meuia/iypiuKU (fraxyAiueui, YHuaepmmeiu y Beoepady,

u.up. 494, 11001 Eeoipad

Oflpe^eHe cy KoHCTairre 6p3HHe peaKUHje TepivuniKe aeajiKHJiauaje jeflHH>eH>a oniirre

dpopMyJie 2,4-5hc [XC,H1CH(CH,)NH]-6-Cl-*-TpHa3HHa r«e je X = H, p-CH„ p-Cl, p-Bi,

m-Cl h p-NOs, npH paanHMHTHM TeMnepaTypaiwa, Kao h BpeflHocra Ea> log A u AS*. Kope-

jmcaH>eM peJiaTHBHiix 6p3ima peaKimje Tep/viiwKe AeajiKHJiauiije Ha 230° ca a+ BpejuiocrHMa,

Ao6nja ce npasa jiHHHja ca HarHooM p = —2,46. Ha ocHOBy Ao6iijeHJix pe3yjrraTa 3ambyweHo

je aa ce peaKimja OABHja npeKo uHKjurqHor npejia3Hor cn&a y Kojeiw ce Ha Ca arOMy jaBJba

flejiHMHMHo no3HTHBHo HaejieKTpHcan>e.

(ITpHMJieHo 12. janyapa 1983)
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Iron anodic dissolution was studied in buffer borate solutions, 0.5M NaaSCU

solutions and a mixture of both in the pH region 6—8 by steady state measurements.

In all the solutions the rate of the anodic reaction is pH independent (won- =0), while

the rate is higher in SOS" ion containing solutions. Tafel slopes obtained experi

mentally were 120mV/dec in borate, and 60mV/dec at lower and 120mV/dec

at higher current densities in sulphate containing solutions. The results obtained

are explained by the Bockris, Dra2ic, Despic (BDD) reaction mechanism (or

branching mechanism, as its improved variant) with 8FeoH-> 1 for borate so

lutions. The catalytic effect of S04~ ions and two Tafel slopes are explained by

the bridging effect of SO?" among FeOHads, which decreases the Gibbs free

energy of the intermediate in the BDD mechanism, changing the second reaction

step to a barrierless one.

Anodic processes on iron have been studied extensively, but mostly in acidic

solutions in which the reproducibility of measurements is fairly satisfactory. This

resulted in a considerable amount of experimental work obtained by different

techniques. This, however, produced more or less reproducible but different

diagnostic criteria for the mechanism of the anodic reaction, depending on whether

the transient or steady state measuring technique (e.g. one obtains K 60, 40

or 30 mV/dec), annealed or coldworked iron (ba fv 40 or 30 mV/dec) or electrolytes

containing different types of anions (e.g. SOJ", I~, etc.) were used. For some

time two basically different reaction mechanisms were generally accepted. Since

1958 experimental results that included an anodic Tafel slope of ba <^30mV/dec

were interpreted as a consequence of the so called „catalytic" mechanism, after

Heusler1.

On the other hand, Tafel slopes of b& «s 40 mV/dec were interpreted by

two consecutive one electron exchange reactions, proposed by Bockris, Drazic

and Despic2 in 1961, which we call the BDD mechanism.

The reasons for these differences were found by Lorenz et al.3 to be due

to the properties of the electrode material (annealed or strained wire) or to the

lattice deformations induced by the absorption of cathodically evolved hydrogen4.

Recently, Drazic and Vorkapic5 suggested a further improvement of the original

BDD mechanism, the ..branching" mechanism which accounts for the observed

♦Permanent address: Department of Chemistry, Shandong University, Jinan, China
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changes in the diagnostic criteria. The latest results' of quasi steady state meas

urements in KOH solutions indicate that the same general mechanism can be

extended to these solutions, as well, taking into account the differences in the

thermodynamic stabilities of the reaction products at high pH, and the effects

of Temkin type adsorption of the reaction intermediates.

Neutral solutions, even though of great practical importance, were not the

subject of much experimenting. Passivation currents in these solutions are small

so that active dissolution occurs in a rather short current density range. This,

together with high iron affinity for oxygen makes great problems in achieving

reasonable reproduction of experimental results.

Most of the studies in neutral solutions were devoted to the elucidation

of the properties and structure of passive films and passivation7-10 in general.

There are only a few papers in which anodic dissolution in neutral solutions was

studied. Hoar and Farrer11 obtained an anodic Tafel slope of about 60 mV/dec

by steady state measurements, while Asakura and Nobe12 obtained 40 mV/dec

by the fast and about 80 mV/dec by the slow transient technique. Both papers

report results in chloride solutions. Nord et al.13 obtained about 85 mV/dec in

neutral acetic acid and sodium acetate by the slow sweep method. Katrevich et

■al.1* obtained about 60 mV/dec in neutral phosphate solutions using a rotating

disc. Sulphate, perchlorate or borate buffer solutions used in many passive layer

studies were not the subject of experimental work directed towards the active

dissolution mechanism elucidation except the very recent paper of Burstein and

Davies15 who studied the behaviour of a scratched iron surface in the pH range

■0—14, including borate buffer of pH = 7.6. One should mention here the re

sults of Freimen and Kolotyrkin who in their passivation studies on iron pre

sented the experimental curves obtained in neutral Na2SC>4 solutions16 and borate

buffer with addition of Na2SC>417. From the Fig. 2 in reference 16 one can es

timate two linear Tafel regions in the active dissolution part of the curve with

about 60 and 120mV/dec slopes while in reference 17 an accelerating effect of

sulphate ions on the anodic reaction is evident.

In this work we attempted to obtain the diagnostic criteria from steady

state measurements in neutral buffered (borate) and unbuffered (0.5M Na2SC>4)

solutions.

EXPERIMENTAL

Armco iron rods about 2 mm in diameter sealed in epoxy resin were used for experimen

ting. The electrode areas were 2.5 mm2 and 59 mm2 for unbuffered and buffer solutions, re

spectively. Prior to each experiment the electrode surface was grinded with 3/o emery paper,

washed in ethanol and triply distilled water (used also for solution preparation) and left for 30

min in the cell to obtain reproducible corrosion potentials. A standard three compartment glass

cell flushed with purified nitrogen was used for experiments. 0.3 M boric acid and 0.15 M borax

solutions in different ratios were mixed to obtain pH in the 6.6 to 8.0 range. In some experiments

adequate amounts of KC1 or Na,SC>4 were added in order to obtain the solution composition

stated later in the text. In the second set of experiments 0.5M Na2SC>4 solution was used, the

pH of which was adjusted by adding a few drops of 0.1M NaOH or 0.05M N3SO4 solution.

After immersing the electrode and waiting for 30 min. to achieve a fairly stable corrosion

potential, the electrode was polarized potentiostatically in 10 mV steps in the anodic direction

with a 1 min wait for each point. This was sufficient to achieve the steady state of the snodic

reaction, but did not allow the interference of other much slower processes (e.g. ageing, adsorp

tion of impurities, oxygen, etc.). All the measured values are corrected for IR drops determined
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in separate galvanostatic pulse measurements in the microsecond time range. A saturated calomel

electrode was used as the reference electrode, but all the potentials were expressed on the standard

hydrogen scale. All the measurements were carried out at room temperature (23 ± 3°C).

RESULTS

The results of the steady state polarization measurements in the active po

tential range are depicted in Figs la and lb. Fig. la is for borate buffer solutions

of pH 6.6, 7. 1 and 8.0. Except for the part near the corrosion potentials which

are different for different pH of the solution, at more positive potentials all three

curves coincide in the linear Tafel region with a slope of about 120 mV/dec. This

overlapping of the three Tafel lines should be interpreted as the apparent reaction

order in respect to OH~ ions noH^^O.

Fig. lb presents the results of similar measurements but in 0.5MNa2SO4

solutions with pH 6.4 and 7.9. These curves also coincide showing the independ

ence of reaction rates on pH, but Tafel slopes are much smaller (about 60 — 70

mV/dec). However in sulphate solutions the reaction rate is faster, e.g. at —400

mV about 8 times.

In order to be able to correlate our measurements with the availab leliter-

ature data for neutral electrolytes11-17, KC1 was added to the borate buffer so

lution. Its concentration was 0. 1M or 1M. The effect of the CI- ions added can

be seen in Fig. 2 on curves 2 and 3 respectively, compared to curve 1 for Cl~ ion

free borate solution. Here the polarizations were measured in a larger span of

potentials including the passive potential region. In the active region, before the

passivation peak, curves 1, 2 and 3 have a linear Tafel region with ca. 120mV/

/dec slope, which follow practically the same line within the reproducibility limits

of the experiments. However, large differences are observed between these curves

in the passive potential region. While in borate solutions iron is passive with small

variations of the passive dissolution current, the presence of CI- ions increases

the anodic current density in the passive region up to rather large values. One

should note that intensive pitting was observed in chloride solutions, so that the

measured anodic currents for curves 2 and 3 in the potential region —0.1 to 0.1 V

are average current densities, while the actual current densities in the pits must

be several orders of magnitude larger. Hence, the presence of chloride ions does

not act uniformly preventing passive layer formation, but rather destroys the

passive layer at the „weak spots", producing pits.

The presence of Na2S04 in borate solutions acts differently, as shown by

curve 4 in the same graph- The reaction rate is somewhat increased compared

to pure borate solution, but in the active potential region two linear parts with

about 60 and 120mV/dec slopes can be visualized. In the passive region the pre

sence of 0.5M Na2S04 acts in a similar way as the presence of 1M KC1, leading

to the formation of pits and an increase in the apparent current density in the

—0.1 to 0 V potential range.

The appearance of the second linear portion in sulphate containing solu

tions led us to expand the potential limit of anodic polarization in pure sulphate

solution to more positive values than shown in Fig. lb. The results of these meas

urements in 0.5 Na2S04 solution of pH 6.2 are represented by curve 3 in Fig.

3. The characteristics of this curve are: (i) it has two Tafel slopes, similar to the

curve for borate plus sulphate solution shown in Fig. 2, and (ii) a linear Tafel
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Fig. 1. Anodic polarization curves for ARMCO iron: a) in borate buffer so

lutions of pH 6.6, 7.1 and 8.0; b) in 0.5M Na2S04 solutions of pH 6.4

and 7.9.
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Fig. 2. Anodic polarization curves for iron in the active and passive regions

of potential: 1. borate buffer solution (pH = 7.1) without any additions; 2.

with 0.1MKC1; 3. with 1M KC1; 4. with 0.5M Na2S04

line of up to ca 10~2 A/cm2 was obtained without any sign of passivation in the

whole potential range (—0.5 to —0.2 V) in which iron in borate solutions was

already passive. In the graph shown in Fig. 3 curves 2 and 1 are drawn for com

parison, representing curves 4 and 1 from Fig. 2, respectively. Acceleration of

the dissolution reaction in the presence of sulphate ions is obvious from this graph.

DISCUSSION

(i) Interpretation of the l20mV\dec Tafel slope.

As observed experimentally in borate buffer solutions three polarization

curves for pH 6.6, 7.1, and 8.0 have the same linear Tafel part with a 120 mV/

/dec slope, apparently being independant of pH. This indicates: firstly, that

there is no local pH change at the electrode surface which affects the reaction

rate (in principle pH change could be induced by the formation of FeOH+ or

Fe(OH)2 as the stable reaction products), and secondly, that the reaction rate

is pH independent, i.e. non- = 0. Similar behaviour is shown by polarization

curves in sulphate containing solutions at higher current densities.

Since it is widely accepted that the anodic dissolution reaction of iron in

acidic2-18.19 and alkaline6.20 solutions is pH dependent (non- = 1) and includes

two succesive single electron exchange steps, the observed diagnostic criteria
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Fig. 3. Anodic polarization curves for iron: 1. in borate buffer solution; 2.

borate buffer solution containing 0.5MNa2SOj; 3. 0.5M NasSO* solution.

could be interpreted as, either the mechanism in which the first electron exchange

reaction step involving Fe and H2O species is rate determining, or that the second

step in e.g. the BDD mechanism is rate determining, but if surface coverage with

FeOHads (0FeOH) has its maximal value and becomes independent of potentia

and pH. 1

An interesting diagram was obtained, as shown in Fig. 4, when anodic current

densities at —0.49 V obtained by one of us2 in sulphate solutions in the pH range

0.5—4.6 were plotted as a function of pH, together with the corresponding values

for pH 6.4 and 7.9. Obviously they can be connected by a smooth curve having

the slope — I (i.e. »oh- = 1) up to pH 5, changing gradually to 0(i.e. noH- = 0)

for pH 6—8. It was rather surprising how these points representing the results

of two experimentators, performing measurements 20 years after one another,

with two practically different kinds of iron samples, fit well into a single curve.

Since that cannot be a simple coincidence, one has to conclude that the mechanism

of the anodic reaction in neutral solutions has to be the same as in acid solution,

with possible small changes induced by increased pH. Hence, we are ruling out

the possibility that the first electron exchange step of the anodic reaction can be

the rate determining one, and accept the BDD mechanism as being operative

in neutral solutions as well, assuming that Ofcoh -»■ I. The similar change of

slope from 1 to 0 in log> — pH diagram was obtained by Katrevich et al.14 in

phosphate solutions for pH range 4—7.

A somewhat more realistic version of the BDD mechanism was given re

cently5 in the following form, designated as the branching mechanism:
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I i i i i i i 1 l m
l 2 3 4 5 6 7 8

pH

Fig. 4. Dependence of anodic current density at constant potential on pH.

Negative value of the slope is won-.

1. Fe + H20 (FeOH)ad8 + H+ + e

2. (FeOH)a(ls ^(FeOH+)adB + e

/ \

3. (FeOH+)a<i8 + H20 Fe (OH)2.ad8 + H+ 3' (FeOH+)»ds *2 FeOH+

4. Fe (OH)2,ads *2 Fe (OH)2 4' FeOH+ + H+ — Fe2++H20

5. Fe(OH)2 + 2H+ — Fe*+ + 2H20

Reaction path A is the same as the BDD mechanism if reaction 2 is taken

as the rate determining step, and 3' and 4' are in pseudoequilibrium. However,

if the desorption step 3' (or 3 in path B) becomes the rate determining by increasing

the rate constant of reaction 2 (e.g. by mechanical strains (3) or hydrogen absorp

tion (4) one should obtain a 30 mV/dec Tafel slope and the reaction order «oh- =

= 1, or «oh- = 2, if path A or path B is operative, respectively. Hence, the ob

served diagnostic criteria, often interpreted in the past by the Heusler catalytic

mechanism1 can be explained by the proposed branching mechanism in a simple,

logical way. Introduction of the parallel path B, which is probably in acid and

neutral solutions a path that consumes only a minor portion of the overall anodic

current, together with the introduction of desorption step 4 (and 3' as well), leads

to the rather slow attainment ofthe stationary surface coverage 8pe(OH)2[(or 6 peoH+)
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which influences the number of free sites for reaction 1, so that one can consider

this effect as a kind of a self inhibitive effect in longer time periods, until all the

steps reach the real stationary state. It is possible that the so called ageing effects

considered by many authors (cf. ref. 21) can simply be the slow attainment of

stationary coverages by the reaction intermediates.

Hence, the observed 120mV/dec Tafel slope and «oh- = 0 can be inter

preted as a consequence of the BDD (or branching) mechanism in which reaction

2 is rate determining with the equilibrium of reaction 1 shifted to the right hand

side by increased pH (compared to acid solutions) so that OFeOH has the highest

possible value (i.e. 6 FeOH -*■ 0 and hence becomes independent of potential and pH.

.(ii) Interpretation of the 60 mVjdec Tafel slope

The observed 60 mV/dec Tafel slopes in sulphate solutions, (Fig. 1 .b) in

dependence of the anodic reaction rate on pH, and change of the Tafel slope from

60 to 120mV/dec at higher current densities as observed for pure 0.5MNa2SO4

and borate solution containing 0.5M Na2SC>4, as shown in Fig. 3, are difficult

to explain in terms of standard electrochemical kinetics.

One can expect a Tafel slope of 60 mV/dec in four different cases:

(i) a two electron exchange reaction in one step;

(ii) an ECE mechanism with single electron exchange reactions in the E

steps;

(iii) two consecutive single electron exchange reactions with Temkin ad

sorption of intermediates;

(iv) a barrierless process.

Analysing these possibilities case (i) can be ruled out as energetically un

favourable compared to the two consecutive single electron exchange reactions.

Case (ii) is possible in principle, but none of the mechanisms for iron dissolution

proposed till now belong to the ECE type. Hence one has to assume for sulphate

solutions a completely different mechanism in the neutral pH range than for the

same solutions in the acidic range, which is highly improbable. Case (iii) is also

possible, if one takes into account some indications22 that Temkin type adsorption

might be of importance in the iron dissolution reaction. However, under no circum

stances can Temkin adsorption lead to an apparent reaction order nor = 0,

as obtained experimentally.

Finally, case (iv) should be considered. As shown by Krishtalik barrierless

processes appear in chlorine and hydrogen evolution and azide ion oxidation23

with the characteristic 60mV/dec Tafel slope, which at higher current densities

increases to 120mV/dec. In all these reactions the first electron exchange reaction

step is the one that is rate determining. Having the symmetrical energy barrier

at higher current densities (i.e. (3 = 0.5), while at lower current densities the

potential energy curves intersect at the bottom of the curve for the reaction prod

uct, leading formally to p = 1.

This approach can be applied to the iron dissolution reaction for both single

electron steps in the BDD, or branching mechanism.

(i) If we take that reaction 1 is r.d.s. it is easy to conclude that the barrierless

process would give two slopes 60 and 120mV/dec at lower and higher current

densities respectively, and pH independency of the reaction rate.
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(ii) If we take that reaction 2 is the r.d.s. and apply the same concept of the

barrierless reaction for the second electron exchange step in the consecutive BDD

mechanism one can derive that the anodic slope at lower current densities instead

of fra=2.3 RT/1.5F should be b& = 2.3 RT/2F, i.e. 30mV/dec, with n0H- = 1.

It is interesting to note here that the often obtained value of 30 mV/dec

for the iron dissolution reaction, interpreted by the Heusler catalytic mechanism

can also be treated as a consecutive BDD mechanism with a barrierless second

reaction (reaction 2). However, we prefer the earlier given interpretation of the

30 mV/dec slope by the branching mechanism and switch from reaction 2 to de-

sorption steps (3' or/and 4) as r.d.s. which gives better interpretation of the ex

perimentally obtained reaction order «oh- = 1.5— 1.9, than the barrierless reaction

2, when one expects moh- = 1.

(iii) Good agreement between experiments and theory can be obtained

however, if one assumes as in (ii), reaction 2 to be barrierless and r.d.s. but with

©FeOH -*> 1, as assumed for borate solutions. Then, 60mV/dec, at lower and

120mV/dec at higher current densities are expected, and «oh- = 0. A schematic

representation of the potential energy curves for the intermediates of the branch

ing mechanism is given in Fig. 5. The full line curve for FeOHads corresponds
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Fig. 5. Schematic representation of the potential energy curves for the BDD

mechanism2. Broken line represent the possible effect of SOJ- ions. Note that

the barrier between the two intermediates vanished.

to the most common situation in which due to the symmetrical barrier ((3 = 0.5)

for OFeoH <^ 1 one obtains 40mV/dec and for OFeoH -> 1, a 120mV/dec slope,

as was the case for borate solutions. Sulphate ions are known to adsorb intensively
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at the iron surface24 and also to make bridges between oxo-complexes25. Hence,

there are good reasons to believe that the contact of SOJ~ ions with nearly a full

monolayer of (FeOH)aas can stabilize this species at the surface, and hence change

its potential energy profile to a position indicated by the broken line, in Fig. 5.

If this effect is sufficiently large, a symmetry of the barrier at the intersection

point disappears and (1 becomes unity. Now, the overall barrier is smaller and

at the same potential the reaction rate should be larger (cf. Fig. 3).

Among all th; suggestions, only the mechanism given in (iii) is in good

agreement with the experiments. Therefore, we assume that it is valid for neutral

solutions in the presence of SOJ~ ions, and perhaps some others that can change

the energy state of the adsorbed intermediate. However, this has to be proven.
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H 3 B O il

AHO.HHH riPOUECH HA TB03JIEH0J EJIEKTPOJIH Y HEYTPAJIHHM

EJIEKTPOJIHTHMA

flPATVTHH M. flPAJKHH h CHEN SHEN HAO

TexHOjiouiKo-Meiua.iypuiKii <p"aKyAiueiu u HHcCuuiuym 3a eMKuipoxeMujy IIXTM, Eeoipadcxu

yHueep3uiueiu, it. up. 494, 11001 Eeoipad

Aho^ho pacrnapaite rBO>Kr)a npoyuaBaHO je y nyebepHOM GopaTHOM pacTBopy, y pacTBopy

0,5M Na2S04 h h>iixobhm ovteuiaMa y o6jiacTH pH 6—8 crauHOHapHOM MeioaoM mepeifea. y

cbhm HcnuTiiBamLM pacTBopH.ua 6p3HHa anoAHe peanuHje He 3aBHcn on pH (hoh- = 0), noi<

je 6p3HHa peai<uHje Beha y paciBopiLMa kojh caflpwe SOf- joHe. Ei<cnepHMeHTa.iHO oapeljeHH

Tacpe.ioBH HaruSn 6iijih cy 120 mV/dek y 6opaTHOM ii 60mV/dek npii hhh<iim ii 120mV/dek

npH biihihm rycTimaMa crpyje y cyji(paTHHM pacTBopHMa. JIo6HjeHH pe3yjiTara o6jauiH»eHH

cy peaKmioHHM MexaHH3M0M kojh cy npeflJiommiH EoupHC, JIpa»CHh h iJecnnh (BDD) (ofl-

hocho rpaHajyhniH MexaHiraMoiw Kao no6oJt>uiaHOM BapujaHTOM BDD Mexanro.wa) y3 Ofcoh -»

-» 1 3a 6opamH pacrBop. KaTajiHTiWKH yrHUaj SOJ- joHa h flBa TacbejioBa Hanioa y cyjicpar-

HitM paciBOpHMa oGjamibeim cy ecbcicroM SOJ- .wocTOBa H3Mel)y FeOH»ds \'3 c.Ma&eibe ThGcobc

cjio6oflHe eHepnije HHTepiweaiijapa y BDD Mexamra.My, urro apjth, cnopH CTynan> npeBoflH

y 6e36apHjepHy peaKUHjy.

(ripHMJteHo 10. fleqeM6pa 1982)
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By cyclic voltammetry it was demonstrated that monolayers of adsorbed

Fe (OH)« on pyrolytic graphite (PG) and gold electrode can not be washed out of

the electrode surfaces even if the electrodes are kept for 60 minutes in solutions

as acidic as pH x 3, even though thermodynamic data predict the otherwise known

fact, that Fe(OH)2 dissolves in solutions more acidic than pH X 7. The effect

is ascribed to the change of the Gibbs free energy of Fe(OH)8 by adsorption,

and the adsorption energy AGada is estimated to be about 95 kj mol-1 for Au,

and somewhat larger for the PG surface.

It has been demonstrated in the recent years1 that the attractive interaction

energy between the atoms of metals adsorbed on the electrode surface, if suffi

ciently large, can produce up to a monolayer of partially or completely discharged

adatoms at the potentials which are up to several hundred millivolts more pos

itive than one would expect from the data of bulk thermodynamics. The phe

nomenon is termed underpotential deposition (UPD). It is reasonable to expect

that all thermodynamic properties of any adsorbed particles will be changed as

much as its chemical potential is changed by adsorption. On the other hand, in

the analysis of iron dissolution reaction mechanisms it is often assumed that ad

sorbed hydroxo compounds of iron play an important role in the reaction mech

anism. This is assumed to be valid also in acidic solutions2-3 even though one

would not expect them to be thermodynamically stable in the usual sense. The

purpose of this communication is to give experimental evidence that adsorbed

ferrous hydroxide behaves differently than known from its bulk properties

and that it might be a reaction intermediate or the precursor for iron passivation

even inacidic solutions.

EXPERIMENTAL

The experiments were carried out using gold and pyrolytic graphite (PG) as the electrode

materials on which ferrous hydroxide was adsorbed. A thin foil of pyrolytic graphite (Union

Carbide Co.) cleaved from the larger speciemen and insulated on the edges and on one side with

Simplex, so that the active bare surface was about 0.5 cm2, served as the PG electrode. Gold

* Presented at the 33rd ISE meeting, Lyon, 1982.
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Soil (99.99% purity, 0.5 cm2 active surface) served as the Au electrode. Such an electrode was

put into a 0.5M NajSO« solution adjusted to pH 1 1 with NaOH. To this a FeSO< solution was

added until the appearance of visible Fe(OH). precipitate. Then, the electrode was taken oci

of this suspension, washed with an iron free Na,SCXi solution of pH 11 to remove the excess

Fe(OH}a and put into a standard type three-compartment cell containing the same iron free

sulfate solution of pH 11, flushed all the time with N«.

Cyclic voltammetry curves were taken with a Wenking fast potentiostat (68FRO.S) coupled

with a PAR Universal Programer (model 175) and a Houston 2000 X—Y Recorder. A calomel

electrode was used as the reference electrode, but the diagrams were recalculated to the standard

hydrogen scale. All the measurements were carried out at ambient temperature (25 ± 2X/.

RESULTS AND DISCUSSION

Voltammograms of the adsorbed iron hydroxide layers in solution of pH

11 are shown in Fig. 1 for pyrolytic graphite (PG) (full line) and Au (broken line)

as the substrate electrode material. Six well expressed peaks or shoulders can

be seen, marked with th: corresponding roman numerals, three of them in the

anodic and three in the cathodic branch of the voltammogram. The peaks were

better expressed when the sweep rate was higher. The peaks II and V are rather

broad peaks, in some experiments showing the overlapping (as shown in Fig.

1) of the two very close peaks. The voltammograms for Au electrodes exhibited

two additional peaks (or shoulders) at potentials more positive than 0.1 V, one

in the anodic and one in the cathodic branch, shown in Fig. 1, but not marked
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•with numbers. They are due to the oxidation or reduction of the Au surface itself.

The potentiodynamic analysis of the iron electrode in 1M KOH solution carried

out by Schrebler Guzman et al.A revealed generally the same structure of voltam-

mograms with three (sometimes four) peaks in the anodic and a shoulder and

two peaks in the cathodic branch of the curve. The potentials of these peaks,

however, were more negative than those shown in Fig. 1 , which could be expected

if the difference in pHs of the solutions is taken into the account. One should

note that the heights of certain peaks (e.g. II and V) were changed somewhat

with cycling, but after ca. 10 cycles they stabilized in the forms shown in Fig.

1 . However, a slow decrease of the heights of the peaks with time was observed

after a longer stay of the electrode in the solution (typically to one half of the initial

values after 5 hours for Au of 1 1/2 hours for the PG electrode).

From the analysis of Schrebler Guzman et al* the peaks II and III with

the corresponding cathodic shoulder IV and peak V are related to the oxidore-

duction of Fe(II)/Fe(III) hydroxides, the differences between the heights of them,

and their change with cycling, being a consequence of ageing, i.e. change of the

hydroxide structure (e.g. polymerization), and hence the thermodynamic and

possibly kinetic properties of the adsorbed hydroxide layers. From the area under

peaks II and III one can calculate a charge of ca. 400 y.C cm-2 used for the oxi

dation of Fe(OH)2,ads to Fe(OH)3,ads- Approximately the same area is under the

cathodic peaks IV and V. This corresponds roughly to the oxidoreduction of a

monolayer of adsorbed hydroxide5 8. The relatively slow decrease of peak heights

with time indicates the rather strong irreversibility of adsorption of both forms

of hydroxides to the PG or Au surface. Shoulders I and VI are at more negative

potentials than the peak potential for Fe(II)/Fe(III) transition. It is not possible

presently to provide the proper explanation for them. Zerbino et al.1 assumed

that shoulders at a similar position on voltammograms for iron in neutral solution

indicate the formation (or oxidation) of atomic hydrogen; Schrebler Guzman

et al* for similar shoulders obtained in alkaline solutions assumed that the for

mation of monovalent Fe(OH)ads species is the cause for them; there is also a

thermodynamic possibility for the reduction of iron to the metallic state at the

surface, or its oxidation in the anodic direction (shoulder I) ; and finally the un-

derpotential deposition of iron adatoms on the PG or Au surface is also possible.

The area under these shoulders is much smaller than expected for a monolayer.

This would support the view that FeOHads in amounts much less than a mono

layer is formed, as expected from the reaction mechanism8, but does not rule

out the possibility of the underpotential deposition of iron adatoms. More de

tailed studies are necessary for a more adequate explanation.

In order to find out whether the adsorption of ferrous hydroxide to the

substrate can change the pH range of its stability in the precipitated form, PG

or Au electrodes prepared in the previously described way were put into sulfate

solutions of lower pH values, kept in them for 60 minutes in the potential range

— 650 to — 750 mV (in order to keep the hydroxide in the ferrous form), than

the solution replaced with the original pH 1 1 sulfate solution and voltammograms

recorded again. The area under peaks II and III representing the charge necessary

for the oxidation of the remaining Fe(OH)2,ads was estamated for each pH and

electrode used and the results are shown in Fig. 2. They represent the dependence

of the remaining charge after washing PG or Au electrodes in sulfate solution

on the pH of solutions used for washing. As seen, there is a steady decrease of

the remaining amount of hydroxide (i.e. equivalent charge) up to pH «s 3, when
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Fig. 2. Change under anodic peaks II and III (transition Fe(II)/Fe(III) hydroxide) as

a function or pH of 0.5 M NajS04 solution in which the electrodes were kept for 60 min

before the recording of the voltammograms.

for Au it abruptly drops practically to zero, while for the PG electrode some charge

still remains even for solutions more acidic than pH 1. Having in mind that

Fe(OH)2 dissolves in solutions more acidic than pH 7, and that all the time

while being in solutions more acidic than pH 7 the electrodes were kept at

the potentials when only ferrous hydroxide could be present at the surface, one

has to conclude that the adsorbed ferrous hydroxide, Fe(OH)2,acu> increased its

thermodynamic stability. Namely, as calculated by Drazic and Vorkapic8, change

of the Gibbs free energy of Fe(OH)2 for the assumed Gibbs free energy of ad

sorption of 80 kj mol-1 can change the equivalent solubility product for Fe(OH)2

from 10-u-5 to 10-2B. From the results shown in Fig. 2 one can calculate, taking

the same approach, that Fe(OH)2,ads is stable up to pH 3, having an equivalent

solubility product of ca. 10 32, or that the free energy of adsorption, AGads> of

Fe(OH)2 to the Au surface is about 95 kj mol-1. The AGaas for the PG surface

is somewhat larger. The rather continous decrease of the curve for the PG elec

trode in the pH region A—0 indicates that adsorption of Fe(OH)2 occurs at sites

with different adsorption energies, which is reasonable for the heterogeneous

PG surface.
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H3BOJ

CTAEHJIHOCT A^COPBOBAHOr <t>EPO-XH,HPOKCHflA Y KHCEJIHM

PACTBOPHMA

flPATyTHH M. flPAHttTR, BEPA J. flPAHWE h MHJIOPAU ATAHAUKOBPTE

TexHo.ioiuKo-MeuiajiypuiKU (fxtxyAiueui u Hucuiuuiyut 3a ejiemiipoxemijy HXTM, ymieep3uuieui

y Beozpady, u. up. 494, Kapneiujeea 4, 11001 Eeoepad

KopHcrehH MCToay mnunnme BOjrraMCTpHje noK33aHo je aa mohocjioj aflcop6oBaHor

Fe(OH), He Mowe fla 6y«e cnpaH ca ejieKTpojme noBpunme hslk hh Kaa je ejieKTpofla ApwaHa

u no 60 MHHjrra y pacTBopHMa khcchocth h ao pH x 3, nano TepMOAHHaiHHKa npe«BH^a, ima^e

no3HaTy unbeHimy, aa ce Fe(OH), pacTBapa y pacTBopHMa khccjihikm Beh ofl pH x 7. OBaj

ecpeKaT je npurmcaH npoMeHH rn6coBe cno6oflHe eHepraje Fe(OH)4 ancopiumjoM, a eHepraja

aAcopniwje AGad>> npoueH>eHa je Ha oko 95 kj/mol 3a Au, a Heurro BHiue 3a ejieicrpoAy <w

nHpojnrnwKor rpacpirra.

(IlpHMJbeHO 10. AeueMopa 1982)
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Abstract. Gas chromatographic conditions and the order and the moment of the appear-

liave been determined for the separation of ance of different linear and cyclic polydimethyl

a mixture of cyclic and linear polydimethyl- siloxanes in the chromatogram were determined,

siloxanes. Using gas chromatography combined On the basis of these data it is easy to perform

with mass spectrometry this mixture was sep- a gas chromatographic analysis of a mixture

arated and each compound identified by its containing cyclic polydimethylsiloxanes as well

fragmentation pattern in the mass spectrometer as linear ones.

One of the most reliable methods of ana

lysing a polydimethylsiloxane mixture is the

gas chromatographic method, but in order to

identify the components of the mixture it is

necessary to have test substances available.

On this basis Carmichiel et al.1 developed a

gas chromatographic method for the separation

of dimethylsubstituted linear and cyclic si

loxanes using a column with diphenylsiloxane-

-dimethylsiloxane copolymer which is not pro

duced commercially. Some other columns

were proposed by other authors2,3. On the

other hand Luskina et al.* have separated a
■mixture of polydimethylsiloxanes using a col

umn with SE-30 on Chromosorb AW HMDS

and have determined the components of the

mixture on the basis of the dependence of

the logarithm of the retention time on the

number of silicon atoms in the molecule.

However, in such a case it should be borne

in mind that cyclic as well as linear oligomers

with the same number of silicon atoms in the

molecule are present and so this method does

not enable the identification of cyclic and linear

oligomers with the same number of silicon

atoms.

Our studies of the solvent effect on the con

densation of tetramethyl-disiloxane-LS-diol5''

induced us to develop a method for the anal

ysis of a polydimethylsiloxane mixture ob

tained by the condensation of tetramethyl-

-disiloxane-I,3-diol in different solvents. Using

the gas chromatography—mass spectrometry

combination we have determined the conditions

of separation and identification of the com

ponents of a mixture of linear and cyclic

polydimethylsiloxanes and the moment of their

appearance in the chromatogram.

A volume of 30 [xl of the mixture of linear

and cyclic polydimethylsiloxanes was treated

with 20 jxl of trimethylsilyldimethylamine in a

screw capped vial with a Teflon lined seal,

for 30 minutes, for silylation of the silanol

groups of linear polydimethylsiloxanes. From

this mixture a sample of 2 ul was used for

the analysis.

A Varian 1720 Model linear programmed

temperature gas chromatograph was used for

the gas chromatography — mass spectrometry

analysis with the column of the gas chromato

graph directly connected to the ionization

chamber of the mass spectrometer. A 3.6 m

long capillary column packed with SE-52 as

the stationary phase on Chromosorb AW

DMCS (a Perkin-Elmer product) was used.

The injection part temperature was 320°C,

and the temperature of the column was changed

from 40° to 240° at a rate of 4°/min. Helium

was used as the carrier with a flow of 30 cm3/min

The mass spectrometer was a Varian CH 7

with the electron source operated at 70 eV

and 135°.

The separated compounds were identified

from their fragmentation patterns in the mass

spectrometer. The spectra were identical to the

667
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spectra of cyclic and linear polydimethyl-

siloxanes recorded and discussed by Orlov.'

On the basis of the determined order and

the moment of the appearance of definite

cyclic and linear polydimethylsiloxanes in the

chromatogram routine gas chromatography was

performed on the same column. A Perkin-Elmex

F 7 instrument equipped with a flame ionization

detector was used, the detector temp, being

260°, the injector temp. 320°, the column

temp. 40 — 240° with the temp, rate 4 and

a sample of 0.1 ul. Nitrogen was used as the

 

Fig. 1. Chromatogram of a mixture of linear and cyclic polydimethylsiloxanes recorded

on the instrument Perkin-Elmer F-7. D„ = [(CH3)2SiO]„,Z.„ = (CH3)3SiO[Si(CH3)sO]„-

OSi(CH3)3

carrier, the pressure of nitrogen being 223

kPa. A typical chromatogram of a mixture

of linear and cyclic polydimethylsiloxanes ob

tained by the condensation of tetramethyl-

-disiloxane-l,3-diol given in Fig. 1, recorded

under the mentioned conditions, shows that

under the mentioned conditions very distinct

separation is possible. It can be concluded

that this method offers a simple and usable

chromatographic procedure for the analysis

of a mixture containing linear polydimethyl-

siloxane-a, co-diols and cyclic polydimethyl

siloxanes.

*
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H3B0A

TACHO XPOMATOrPA*CKO PA3HBAJArbE CMEIUE J1HHEAPHHX H LIHKJ1HHHIIX

nOJIHJIHMETHJICHJIOKCAHA H IfcHXOBA H^EHTH*HKAUHJA MACEHOM

CriEKTPOMETPHJOM

JbYBHHKA J. EOrVHOBHTi a MHJIOCAB fl. aPArOJFBHTi

TexHOAOiuKO-MeuiaAypiuKU $aKy.iuieui Ymieepmiueiua y Eeoipady, u. up. 494, 11001 Eeo.'pad

Pa3par)eHa je racHo-xpoMa-rorpacbcKa jwe-

Tiua pa3ABajait>a CMeuie miKJimmjix n juwe-

apmrx noJiHAHMenuicHJioKcaHa. KopmnheH>eM

racHe xpoMaTorpacpiije h Macene cneKTpoiwe-

Tpnje OBa CMeuia je paaABOjem h cbsko je-

flJlH>CH>e je HAeHTHCDHKOBaHO B3 OCHOBy CBOr

MaceHor cneinpa. OapeheH je pe«ocne;i h

MOiweHT nojaBn>HBaH>a paamrwrirx jiHHeaprarx

h muanwHiix noJUtanMeTiLiicHJioKcaHa y xpo-

MaTorpaMV TaKo aa je oMoryheHa jiaKa h no-

V3aaHa raaio - xpoMaTorpadpcna ana;iina .ni-

HeapHHX H UHJOUPatHX noJIWOIMeTHJIClLIOK-

caHa.

(IIpHMACHo 9. «eue.M6pa 1982)
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nPETXOaHO CAOniUTEH>E - COMMUNICATION PRfiLIMINAIRE

nOKYUIAJ JIOEHJAlfaA XEKCA*JiyOPOXPOMATHE(III) KHCEJIHHE

MAPHJA C. PAflOBAHOBH-E, BEPA nTB.EIIAHOBH'B K CJIOBOflAH fl. PAAOCABJBEBH'B

3aeod 3a oiuuiuy u neopeancKy xeMujy, TexnoAouiKO-MexuanypuiKU (jjaxyAuieui yHUsep3uuteuia

y Eeotpaby, u. up. 494, 1 1001 Eeoepad

(IlpHMJbeHO 6. fleiieiviopa 1982)

Iheod. H3BpmeH je noKyuiaj cinrre3e xeKca-

(p-^yopoxpoMaTHe(III) KHcejnme aejioBaiteM

KoHueHTpoBaHor pacTBopa HF Ha cBexce ciih-

TeTH30BaHH Tajior Cr(OH)3 • xHsO. OBaj Tajior

KBaHTHTaTHBHo pearyje ca pacTBopoM HF h

Aajc jaKo KHceo pacTBop, 3ejieHe 6oje (pH =

= 0). y flo6HjeHOM flcceTocrpyKo pa35na>Ke-

hom pacTBopy yTBp^eHo je npncycTBo cjio6oa-

hhx F~-joHOBa (oko 49%). ripn pa36naHCCB>y

pacrBopa pacre KOHueHTpaunja cjio6o«hhx

F~-joHOBa. ripeTnocTaBiba ce fla je iipeocTanH

aeo duiyopa, oko 51% oa yi<ynHO yHeTor

dwiyopa, Be3aH y KOMiuieKCHe joHOBe xpoiua

oniiiTe cpopjuyjie [CrF6~r(H20)xp-3 (rAe je

x = 0 ao 5). flooHjeHH pacTBop He caapwH

KOMiuieKCHH joH [Cr(H20)8]+* j noiHTO y H>e-

roBOM ancopniyioHOM cneKTpy HHje HaFjeH

MaKCKMyM Kofl 575 nm, Beh cy HaJ)enii c&wo

MaKCHMyMH KojH cy 6jimckh MaKCHiwyiwy 3a joH

[CrF»]-', KojH je koa 658 nm.

XeKca(pjiyopoxpo.MaTHa(III)-KHcejiHHa3

Hs[CrFe] ao ca^a HHje oiutcaHa y jnrrepaTypH

hh y mhctom craH>y hh y pacTBopy.

CHHTe3a HalCrFs] BpuieHa je no nocrynKy

aHajiorHOM nocrynnHMa1-2 3a cHwre3y xei<ca-

(pjiyopoajiyMHHaTHe(III) KJicejume, Ha[AlF»]

h xeKca^)jiyopocpepaTHe(III) KHcejiHHe,

H3[FeF,].

IIoKyuiaj CHHTe3e HalCrFe] y boachom

pacreopy cacrojao ce y flejioBan>y 40%-Hor

pacrBopa HF Ha Tajior Cr(OH)s • xHiO y

crexHOMeTpHjcKOM oflHocy npeMa jeAHawHHH:

Cr(OH)3(s) + 6HF -» HalCrFe] + 3HaO (1)

Tanor Cr(OH)a ca He^etpHHHcaHHM caApwajeM

BOfle [Cr(OH)a ■ jcHsO] flo6njeH je Ha Teivuie-

paTypn oa 20° H3 2 mol/dm* BoaeHor pacr

Bopa CrCU • 6HaO h 25%-Hor pacrBopa

NH4OH y3eror y cyBHUiKy oa 5%, npeMa

jeAHa<jRHH:

CrClj + 3NH4OH -f Cr(OH)3(s) + 3NH«C1

3a peaKUHjy (1) ynoTpeojteH je cbokc chh-

TCTH30BaHH h BJia>KaH Tanor Cr(OH)3 • xHaO,

iicnpaH BoflOM ao HeraraoHe peaKUHje Ha

Cl_-joH. PeaKunja npeMa jeAHUWUH (1) je

er30TepMHa. Tajior Cr(OH)3 ■ xHtO KBaHTH

TaTHBHo pearyje ca 40%-hhm pacTBopoM HF

tokom jeAHor uaca, y3 nocreneHO AOAaBaH>e

HF h nopacr TeMnepaTvpe oa 20 ao 50°.

3a peaKiwjy (1) ynoTpeSjbeHa je anapaTypa

H3pa^eHa oa njiacrmnior MaTepnjana meMaTCKH

npni<a3aHa Ha cjthuh 1.

 

CjiHKa 1-Fig. 1 LUeiwa anapaType 3»

peaKuiijy ( 1 ). 1. PeaKTop, 2. Mai-Heraa

Meuiamma, 3. nocyAa 3a A03HpaH>a

HF, 4, ynowaK 3a TepMOiweTap, 5. Tep-

MOMeTap, 6. Bonemi xjiaAH>aK HcnyneH

KyrjiimaMa. 7. HrjnreacTH bcbirji.

Schematic view of the apparatus for

rection(l). 1. Reactor, 2. Magnetic stirrer,

3. HF supply, 4. Thermometer well, 5.

Thermometer, 6. Water jacket filled with

beads, 7. Needle valve.

671



■672 PAHOBAHOBHH, IUHEnAHOBHH h PAflOCABJbEBHTi

PacTBop aooHjeH peaKtuijoM (1) iicnirraH

je Ha cjreaehH nanu: a") onpeijeHa je pH-

-BpeflHocr noTemmoMerpiijcKH, npHMeHOM

xiiHXHflpoHOBe ejieKTpofle, 0) o;rper)eHa je ko-

.iiiunna cjio6oahhx F_-joHOBa y pacTHopn.ua

joHCKe jamme / = 0,5, npiLMeHOM cji:iyopn,THe

joH-cejieKTHBHe ejieicrpofle H Saw/japHor a,H-

jarpa.ua aoonjeHor ca CTan^apflHHM pacTBO-

pn.ua NaF H b) chii.MjI.ch je ancopnuHOHH

cneicrap y oojiacTH TanacHnx flyjKHHa o« 900

flo 280 nm.

IlpOH3Boa pcaKunje (1) je Cmcrap nciciin

pacTBop; KOHueHTpaujije 4,74 • 10_1 mol/dm'

paqyHaTO Ha Hs[CrF«]; HAia pH = 0.

PanG. ia/Ken.e.u oBor pacTBopa pacTBop ce

npHMCTHo He MeH>a (6oja pacTBopa ocTaje Hera

h nocne 4 Heaejbe), ami ce ueiba pH (bh«h

Taojumy I).

TABJIHUA I TABLE

IIpoMeHa pH pacTBopanpn pa30Jia>KeH>y

H3[CrF,]

A change of pH with dilution of HsfCrFs]

solution

Pacreop

H3[CrF«]

Concentration

of H3[CrF«]

solution

mol/dm3

pH

24 iaca 4 Heaejbe

noaie CHirre3e nocne cHHTe3e

24 hours after 4 weeks after

the synthesis the synthesis

4,74 • 10-1

4,74 • 10-a

4,74 -10-3

0

1,1

2,2

0

1,08

2,2

IIpH fleceTocrpyKOM pa36jiaj«eH>y pacTBopa

pH nopacre 3a 1,1 pH-je;niHHu;e h oBa Bpea-

hoct ocraje HenpoiweH>eHa h nocne 4 Heflejbe.

PacTBop KOHqeHTpauHje 4,74 • 10-2 mol/

/dm8 Hs[CrF8] Hjwa 48,9% cjio6oamrx F~-jo-

HOBa, pavyHaTO Ha yKyrmo yHdH dwryop y

peaiouijy (1), ohhocho 51,1% dwryopa je

BeaaHO y KoiwnjieKCHe joHOBe xpo.ua h (pjiyopa :

[CrFe-xCHjOi]*-3 r«e je x = 0 «o 6. Pa3-

6jia>KeH.eM OBor pacTBopa pacre KOJiKvtHa

CJioooflHHx F~-joHOBa (bhah ra6jiHiry II).

TABJIHUA II TABLE

ripoiweHa KOjnwHHe F_-joHOBa npn pa3&nra-

»eH>y Hs[CrF«]

A change of the amount of F- ions in a

Hi[CrF«] solution with dilution

PacTBop

H3[CrF8] Con

centration of

Hs[CrF6] so

lution mol/dm3

24 laca nocjie

CHHTe3e

24 hours after

the synthesis

pH

4 Heaejte no

cne CHHTe3e

4 weeks after

the synthesis

4,74-

4,74-

10-2

lO"3

48,9

54,4

48,9

55,6

IIpH pa36jia>KeK.y KojnrtHHa cjtoooahjix

F~-joHOBa pacre iuto 6h ce iworjio npoTyMa-

THTH n03HaTOM XHflpaTHOM H30MepH)OM KOM-

njieKCHHX Cr(III)-xajioreHHAHHX joHOBa tj.

3aMeH0M F~-joHOBa MOJieKyjimwa BOfle:

[CrF8]-3 + *HaO ->■ [CrF6_«(HsO)I]i

+ xF-

trs je x = 0 flo 6.

-

CneKTpodwTOMeTpHjcKOM anajui3ou pac-r-

Bopa 4,74 ■ 10~2 mol/dm3, paiynaTo Ha

Hn[CrF«], aoCmjeit je ancopnuiioHH cneicrap

npHi<a3aH Ha cjihuh 2.

Ha ancoprruHOHOM cneiopy npacyTaH je

H3pa>i<eHH MaKciiMy.u Ha Tajiacnoj AJOKHHH

613 nm n flBa .uan>e ii3pa>i<eHa .uaKCii.uy.ua Ha

oko 630 h oko 665 nm. no3HaTO je3 fla ce

ancopnnnoHH .uaKcn.uy.u (10Z>9) 3a [CrFe]-8-

-joH Hana3H Ha TajiacHoj pynamsi on. 658 nm.

Orora ce 3a floonjciie ancopnuiiouc MaKCHMyMe

 

COO 500 600 700 800

WWELENGTH . „.

Cjihk* 2. AncopnuHOHH cneKTap pacraopa flponjeHor peaKisijoM (1).

Figure 2. Absortion spectrum o« she solution obtained by reaction (1).
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Ha rajiacHH.M AywHHaAia oko oBe bpcahoctii

MO>Ke npeTnocraBHTH fla npwnaAajy hckom oa

Ko.vuuieKCHHx joHOBa xpoMa h dwiyopa onurre

(popMyjie: [CrF6-s(HiO)z]*-3 (x = 0 ao 5).

CneKTpo<pOTOMeTpH)CKOM aHajiii30M Hcror pa-

CTBopa nocie vempn Heaeibe yTBpbeHO je fla

He.wa npo.MeHa, oahocho Ao6HjeH je ancopn-

umohk cnei<Tap HAewrHMaH ca cneiorpoM Ha

cmmH 2. y ancopnuHOHOM cneKTpy Heiwa jviaK-

auiyMa koa 575 nm, KapaKTepHCTiraHor 3a

[Cr(H20)6]+3 )OHe, na ce M0H<e pehu Aa obh

johh HHcy npHcyTHH y Ao6njeHOM pacTBopy.

Ha ocHOBy ao6njeHHX pe3yjrraTa, c 063H-

po.M fla y ancopnuHonoM cneifrpy Hiicy Har)eHH

MaKCHMyMH kojh oAroBapajy [CrF8]_3-joHy,

He iwowe ce 3awi>ywni Aa cy obh )ohh npn-

cyTHH y CHHTerH30BaHOM pacTBopy. MehyTHM,

lOKO HHCMO CHHJttajIH KOHUeHTpOBaHH paCTBOp,

Beh AecerocTpyjo paaSnaxceHB pacrBop, urate

ce npeTnocraBHTH Aa cy [CrF«]_3-joHH Bepo-

BaTHO npncyTHH y KOHueHTpoBaHOM pacTBopy,

jep cy HcnnTHBaH>a nona3a^a Aa ce pa36.ua-

>KHBaibeM pacTBopa noBehaBa KOHneHTpamija

cjio6oahkx F~-joHOBa. y HUmm flajkHM hc-

rurrHBaibHMa HacrojaheMo a* oBy npemo-

CTaBKV nOTBpflHJWO.

SUMMARY

AN ATTEMPT TO SYNTHESIZE HEXAFLUOROCHROMIC(III) ACID

MARIJA S. RADOVANOVlC, VERA C. SCEPANOVlC and SLOBODAN D. RADOSAVLJEVlC

Institute of General and Inorganic Chemistry, Faculty of Technology and Metallurgy, University of Belgrade, P. O.

Box 494, YU-1I001 Belgrade, Yugoslavia

Synthesis of hexafIuorochromic(III) acid

was attempted by reacting concentrated hydro

fluoric acid with freshly prepared Cr(OH)3 ■

• xHiO precipitate. This precipitate reacts

quantitatively with HF, giving a very acidic,

green solution (pH = 0). In the obtained

tenfold diluted solution the presence of free

F~ ions (a 49%) was detected. Upon dilution

of the solution the concentration of free F~

ions increases. It was assumed that the re

maining fluorine, about 51% of the original

amount, is bound in a chromium ion complex

of the general formula [CrF8-,(H20)xp-3,

where x can take any value between 0 and

5. There is no [Cr(H20)e]+3 ion present in

the obtained solution since there is no maximum

at 575 nm in the absorption spectra. On the

other hand, there are maxima around 658 nm,

where a maximum for the [CrFa]-3 ion should

occur.

(Received 6 December 1982)

JIHTEPATyPA

1. V. Scepanovic, S. Radosavljevic, J. MiSovic, J. Fluorine Chem. 3, 403 (1973)

2. B. UlhenaHOBHh, C. PaflocaBJbeBnh, C. MapHHKOBHh, Fjiochuk Xeu. dpytuiuea Eeoepad

44, 303(1979)

3. J. E. Huhlly, „Inorganic Chemistry, Principles of Structure and Reactivity", Harper and Row,

New York 1978, p. 363.





TJIACHHK XEMHJCKOr JIPyillTBA EEOrPAJJ

BULLETIN DE LA SOCIETE CHIMIQUE BEOGRAD

47 (11) 675—676 (1982)

GHDB-877 UDC 666.112.92:546.15

Note

nPETXO,UHO CAOniIlTEH>E-COMMUNICATION PRELIMINAIRE

ON THE PREPARATION OF FLUOROPHOSPHATE GLASSES

SMILJKA B. STEVlC

Faculty of Technology and Metallurgy, University of Belgrade, P. O. Box 494, YU-11001 Belgrade, Yugoslavia

Abstract. The procedure for preparing alu

minium, iron and chromium fluoride glasses

with a sodium metaphosphate basis is described.

The limits of the vitreous domain were deter

mined by the ratio: 0 <

Al, or Fe, or Cr

Na
< 1.

Fluorine enrichment of phosphate glasses is

obtained using fluorinating agent (NH4HF2).

The degree of fluorination depends on the

molar fraction of MeF3(Me = Al, Fe, Cr) in

the initial mixture. By introducing the metal(III)

fluoride in the sodium metaphosphate glass

it was posible to obtain glasses with a high

F/O ratio.

It is known that the introduction of fluorine

in oxide glasses may lead to improved optical

properties1. Therefore, it was interesting to

study the conditions for obtaining fluorine rich

glasses.

It was shown in a previous communication2

that the systems xA1F3-( 1 -\ONaPO3 are suitable

for production of such glasses. In the synthesis

of those glasses ammonium hydrogen fluoride

was used as the fluorinating agent. By this

procedure it was possible to obtain sodium

aluminium fluorophosphate glasses with high

fluorine content. The purpose of the present

investigation was to produce, by the same

procedure, fluorophosphate glasses of iron and

chromium. Fluorine was introduced in the

form of FeFa and CrFa.

The procedure of glass preparation utilizes

the conditions used in the glass industry. A

mixture of fine roasted powders of sodium

metaphosphate, iron or chromium fluoride and

ammonium hydrogen fluoride used as the

fluorinating agent is melted in a covered Pt

crucible. Fluorination is followed by evolution

of different gaseous products. The fluorinating

time depends on the heating regime and takes

from 20 to 60 min. When there are no more

volatile products escaping from the crucible

the melt is intensively heated by a burner

for 5 min to accomplish fusion and quenched

at air conditions. The glasses are then casted

into molds and annealed in a muffle furnace.

Comparison of synthetic and analytical data

on the composition of aluminium, iron and

chromium fluorophosphate glasses is given in

Table I. The obtained data show that the

possibility of introducing fluorine into the

glass was limited by the MeF3 ratio in the

TABLE I. Compositions of investigated

fluorophosphate glasses.

Glass

composition

Composition of initial III III

mixture (+NH4HF2) Me/Na Me/F

(mol/ (mol/

/mol) /mol)

O.IAIF3—0.9NaPO3

O.IAIF3—0.9NaPO3

0.30A1F3—0.70NaPO3

0.41A1F3—0.59NaPO3

0.48A1F3—0.52NaPO3

0.02FeF3—0.

0.03FeF3—0.

0.08FeF3—0.

0.19FeF3—0.

0.39FeFs—0.

0.05CrF3—0.

O.lOCrFs—0.

0.15CrF3—0.

0.30CrF3—0.

0.40CrF3—0.

98NaP03

97NaP03

92NaP03

81NaP03

61NaP03

95Na03

90NaPO3

85NaP03

70NaPO3

60NaPO3

0.11

0.11

0.43

0.69

0.29

0.02

0.03

0.09

0.23

0.64

0.05

0.11

0.18

0.43

0.67

0.16

0.13

0.29

0.30

0.36

t0.02

0.03

0.16

0.28

0.42

0.06

0.15

0.15

0.28

0.30

AF

(mol)

+0.32

+ 0.46

+ 0.14

+ 0.13

-0.09

+0.83

+0.83

+ 0.25

+ 0.09

-0.25

+ 0.57

+ 0.56

+ 0.45

+ 0.42

+ 0.30

starting mixture. As the metal(III) fluoride

content increases, the fluorinating effect de

creases.

By this procedure it was possible to obtain

materials with a very high molar F/O ratio.
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In iron fluorophosphate glasses this ratio was

near 0.75 and in aluminimum fluorophosphate

glasses it reached 1.45 (Fig. 1).

The limits of the vitreous domain for all

investigated systems were between:

Al, or Fe, or Cr

0 < <1

Na

For compositions richer in metal(III)

fluoride a vitroceramic or ceramic material was

obtained.

*

U
MF} fatal)

W" Fig. 1. Dependence of the F/O ratio on the

molar fraction of A1F3

H 3 B o a

flOEHJAIfcE *JiyoPOd>OC*ATHHX CTAKAJIA

CMHJBKA B. CTEBUB

TeXHO/iomKO-uemaApyxuKU fciKu.iwew YHUteprnwiWa y Eeoipagy, n. np. 494, 11001 Eeoipag

Ormcan je nocrynaK 3a Ao5HjeH>e tpjiyo-

(poabaTHHX cnuaum ajiy.MHHHjyMa r«o>Ktja h

xpoma . TpaHHue oSjiacTH ocTaKJbHBaita ofl-

Al, Fe ili Cr

peheHe cy oahocom: 0< <1. Ilo-

Na

Beha&e caflpwaja cpjiyopa y CTaKJiy nocra-

rHyro je KopmuheHjCM aMOHHjyM-xHAPoreH-

(pjryopHAa i<ao tbjiyopoHpajvher areHca. CTe-

neH dwiyopoBaita 3aBiicn on MOJiCKor yae.ia

MeF, (Me=Al, Fe, Cr) y nona3Hoj owenm.

YBO^ejbe MeTaji(III)-dwryopHAa y HaTpHjyM-

-MeTacbocipaTHO crraKjio OMoryhnjio je A°E>nja-

H>e 4>Jiyopo(boc(paTHHX craKajia ca bhcokhm

OAHOCOM F/O

(ripHMJbeHO 10. AeueMBpa 1982.)
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ERRATA

y paay ay-ropa B. Bajieirra, A. Tacnha, B. "Bop^eBHha h J3,. rpo3flaHHha: TepMOflH-

HaMJWKe jonyHCKe (pyHKiwje 3a chctcyi aueroH-UHKJioxeKcaH, FjiacuuK XtM. dpytuiiita Eeoipad

46 (7) 349—355 (1981) yoieHe cy cnenehe rpeuiKe Ha cTpann 352:

c t o j h: t p e 6 a:

A -- a0 + aiT + a2T* A - aa r ai(T- 273,15) + <jg(r- 273,15)*

B = b0 + biT + b*T* (6) B = bo + bi(T- 273,15) + k(r- 273,15)* (6)

C = co f cjT + ctT* C = co + ci(T- 273,15) f ct(T- 273, 15)a

A* = -/?T*[(xi—x!)ai f 2a»r f (*i + AE = -/^[Od-xDa, + 2a2(jT- 273,15) +

+ 2*»T)(2xi-l) + (ci + 2c,r)(2xi- [6i + lb%{T- 273,15)](2*i- 1) + [d +

-l)2] (7) H 2c2(r-273,15)](2xi-l)» (7)

OBe H3,ueHC He Men>ajy pe3yjiTaTe h He yroiy Ha 3aKJbywe flo kojhx ce aouuio y naBe-

aeHOM pa«y.
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