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„rjiacnuK XeMujcKOi dpywTsa Eeozpad" je jednoapejieHO

u Hayv.Hu naconuc 3a reopujcKy u npuMetbeny xeMujy:

yHUBep3UTera y Eeozpady, MucTUTyra 3a xeMujcKa,

TexHOAomna u MerajiypiuKa ucrpaDicuBatba, Eeozpad u

YHUBep3UTeTa y Hobom Cady

ypel)MBaHKH ofl6op:

IIpocp. Hp mhjk. E. Eooicuh, npocp. pp B. Bajzand, pp hhx. J. Be-

jiUHKOBuh, npocp. pp fl. BuTopo8uh, pp B. ByKanoBuh, pp M. Tatuuh,

npocp. pp mhjk. /f. flejiuk, npocp. mhjk. pp A. flecnuh, npocp. mhjk.

T>. fluMUTpujeBiih, npocp. flp mhjk. M. flpazojeBuh, pp mhjk. R.

Rpaycuh, npocp. mhjk. pp C. TboplyeBuh, mhjk. R. JoBanoBuh, pp mhjk.

C. JoaaHOBuh, npocp. pp mhjk. C. Kounap-'hyp^eBuh, npocp. pp A.

JleKO, npocp. pp M. Muxavuioauh, npocp. pp B. Muhoauh, npocp. pp

M. MjiadenoBuh, pp mhjk. M. MyuiKarupoBuh, npocp. pp mhjk. U.

nyranoB, npocp. pp mhjk. C. PadocaajbeBuh, npocp. mhjk. C. Patuaj-

cku, pp mhjk. B. PeTca^iwft, npocp. pp C. Pucruh, pp mhjk. M. Pozy-

Auh, pp mhjk. If. CTCMieKKoetife, npocp. ap T>. Cre(paH08uh, npocp.

pp M. CrecpauoBuh, pp A. CrojujbKOBuh, npocp. pp ft. CynKO, Mp

mhjk. M. TeHv,-IIonoBuh, npocp. pp. II. Tpnuuav,, npocp. pp M. Tie-

Aan, npocp. pp mhjk. B. I^anuh, npocp. pp mhjk. B. IIIhenanoBuh
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XVI CABETOBAH>E XEMMHAPA CP CPEMJE

CA CMMII03HjyMOM O AHAJIMTHHKOJ XEMMJH

roAHm&A CKyimiTMHA cpncKor xraaucsor .npyiirrBA

na TexHOAouiKO-MeTdAypniKOM (patcyjireTy ywueepsurera y Beozpady

18—20 janyapa 1971. z.

onnrnf nporPAM cabetobah»a

tloHedeJbdK

18. I

Oreapatbe caeeToaatba (B. A.)

IljieHapno npeAaBaite (B. A.)

Cu.vn03UjyM O CLHaAUTUVKOj xeMUju

I HaynHa caorrtirreii>a (B. A.)

HayHua caonwreiba U3 dpyzux

o6ao.ctu xejuiije

II HeopraHCKa, opraKCKa

h 6noxeMHja (cajia 42)

III 4>M3HHKa xeMHja (cajia 40)

10.00 — 10.30

10.30 — 11.15

15.00 - 18.00

15.00—18.00

11.30—13.10

YropaK

19. I

CuM.no3U.jyM o anaAUTUVKoj xeMuju

IIjieHapHO npeflaBaite (B. A.)

I HaynHa caonurreifea (B. A.)

9.00 — 9.45

10.00 — 12.40

■

15.00—18.00

Hayv.ua caonmrerba U3 dpyzux

o6Aacru xeM-uje

10.00 — 13.00

II HeopraHCKa, opraHCKa h

6noxeMnja (cajia 42)

III *M3MMKa xeMHja (cajia 51)

IV MeTajiyprwja (cajia 91)

10.00 — 12.40

10.00 — 12.40

15.00 — 18.20
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Cpeda

20. I

Toduvntbu cacranaK ceicnuja

CpncKoz xeMujcKOt dpymrea

— HacTaBHa ceKqiija (cajia 40) 10.00 — 12.00

M

15.00 — 17.00

— CeKijnja 3a TeKCTHJiHy xeMMjy m

TeKCTMJiHy TexHOJiorwjy (cajia 52) 10.00 — 12.40

15.00 — 16.20

— CeKijHja 3a KepaMHicy (cajia 89) 15.00 — 18.00

rodumibu cacranmi ccxHuje CpncKoz

xejuujCKoz dpymrea

CeKquja 3a xeMMjcKO MHxeH>epcTBO (B. A.) 9.00 — 12.00

CeKuwja 3a aHajiMTHHKy xeMHjy (cajia 42) 10.00 — 12.00

CeKiiHja 3a paanoxeMnjy (cajia 40) 10.00 — 12.00

CeKtjMja 3a ejieKTpoxeMMjy (cajia 51) 10.00 — 12.00

CeKUMja 3a cneKTpoxeMMjy (cajia 52) 10.00 — 12.00

CeicijHja 3a 6noxeMnjy (cajia 89) 10.00 — 12.00

CeKqwja 3a ijenyjicoy w xapTHjy (cajia 90) 10.00—12.00

CeKuwja 3a yrajb, HacpTy m neTpoxeMMjy

(cajia 91) 10.00—12.00

roAMuiK>A CKynuiTMHA cpncKor

XEMMJCKOr flPyiUTBA 16.00

(noneTaK ce oflaaxe 3a 17.00 yKOJiHKO He 6yp,e

npucyma Cap je^Ha nojioBMHa HJiancTBa)



XVI CABETOBAHbE XEMMHAPA CP CPEHJE

■

CMMn03MjyM O AHAJIHTHHKOJ XEMMJM

BEOrPAA

18. — 20. jaHyapa 1971.

nporPAM

noHeneAas 18. jaHyap 1971.

BeAUKU aMcpuTearap

OTBAPAHbE CABETOBAHjA 10.00 — 10.30

— yBOflHa pen IIpeflceflHMKa CpncKor xeMwjcKor

ApyuiTBa

CMMn03MJyM O AHAJIHTHHKOJ XEMHJH 10.30 — 13.10

npeAceaaBajyhM: BAacrvMup He-Koauh

CexpeTap: HeanKa Kocruh

— UneHapHO npeflaBaifce

ERNO PUNGOR

Ion-selective membrane electrodes 10.30 — 11.15

OflMop 11.15 — 11.30

— HaynHa caoniiiTeH>a

npeflceflaBajyhM: Bacujiuje Tojiy6oev.Yi

CeKpeTap: Jby&uvfl Ooruft

I— 1. C. ByKOTHR

CneKTpoMeTpMjcKo oflpebnBaH»e 15 cneMeHaia

y TparoBHMa y bhcokohhctom Saxpy

1—2. J. MHIIIOBHR m Jb. «DOTHTi

KBaHTMTaTHBHa peHflreHCKa flwppaicijHOHa

aHajiM3a SoKCMTa

1—3. 3. H. flH3flAP m 3. HBAKOBHR

CneKTpoMeTpMjcKo oflpel)HBaH>e flMMenui

cyjicpoKCMfla

1—4. A. PAJKOBHR

CneKTpo<poTOMeTpnjcKO oflpel)MBaH>e TparoBa

ejieiaeHaTa y jiaHTaH oKCHfly BMCOice HHcrohe

11.30—11.50

11.50 — 12.10

12.10—12.30

12.30 — 12.50
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I— 5.

I— «.

1—7.

I— 8.

1—9.

I — 10.

I — 11.

1 — 12.

1—13.

1 — 14.

fl. PAJKOBWR

yjiora pH koa oApebnBan>a cnjiiiu,njyMa y ypaH

flMOKCHjy MeroAOM MOJin6aeHCKor miaBor 12.50 — 13.10

IIonoABeBBH cacTaHaK 15.00 — 18.20

IIpeAce;iaBajyhn: Tomucaob Jatbuh

CexpeTap: Mapuja Todopoeuh

T. J. JAHjWR m T. MMJIOBAHOBPTR

OflpebHBaH>e yjiTpaMHKpo-KOJinHiiHa xo6ajiTa

KaTajiHTHHKOM OKCMflaunjoM nnpoicaTexwH-jby-

6nHacTor BOAOHMK-nepoKCHAOM 15.00 — 15.20

B. BAJrAHfl, B. HMKOJIMH w Jb. 'ByPH'B.

OApe))MBaK>e apceHa (III) m aHTMMOHa (III)

Kajiiijy m-AMxpoMaTOM 15.20 — 15.40

B. BAJrAHfl, B. HMKOJIM-R h

B. AHTOHMJEBWR

AMnepoMerpdjcKa TUTpai^wja apceHa (III)

M aHTMMOHa (III) AMXDOMaTOM 15.40 — 16.00

B. BAjrAHA m M. CnMPEBCKA

IIpoyHaBaH>e CTa6njiHOCTH najiaflnjyM (II) au.e-

TaTHor KOMnjiexca noTeHU,noMeTpnjcKHM m no-

jiaporpacpcKMM nyTeM 16.00 — 16.20

B. BAJrAHfl m M. MMJIOBAHOB

OjpehHBaibe najiaflo-jOHOBa noTeHu.noMeTpnj-

CKOM I I ITpamijoM Ha jkmbmhoj ejieKTpoflii 16.20 — 16.40

OflMOp

B. BAJrAHfl h T. IIACTOP

McmiTMBaibe yc.noBa 3a KOHflyKTOMeTpnjcKy

THTpaijnjy 6a3a y CMpheTHoj KucejiHHH 17.00 — 17.20

B. BAJrAHfl m M. -BEJIMHEO-JiyKATEJIA

OApet)iiHan.c hckiix MHceKTHUHfla kmhcthhkom

MeTOflOM npeno 6p3MHe XHAPOJinse KOHAyKTOMe-

TpMjcKMM nyTeM 17.20 — 17.40

M. IHyiUWR m Jb. PAJKOBWR

EneKTpoxeMHjcKH npoqecw Ha paBHoj m Kanjfey-

hoj JKMBMHOj ejieKTpOAM y CMCTeMHMa jOH

MeTaJia-acKop6MHCKa KHcejiMHa 17.40 — 18.00

G. EL INANY h fl. C. BECEJIHHOBOTR

OApei)MBaH»e TMTaHa y pacTBopmia XHApoxuHOHa 18.00 — 18.20

HEOPrAHCKA, OPrAHCKA M EHOXEMHJA

CaAa 42

IIonOAHeBHH CMTCHBB

npeAceAaBajyhw: MujienKo "ReAan

CexpeTap: Oaio. HyKoeuh

15.00
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II — 1. M. B. "REJIAn, C. M. HEUIM-R, M. J. MAJIMHAP,

T. J. JAIbOTR m n. H. PAflMBOJIUA

CnHTe3a h oflpebMBaite KOHCpwrypaqiije trans

(NOs)-cis (N)-, trans (NO)-trans (N)- m cis (NOi)-

cis (N)-M30Mepa flHHMTpo-bis (aMMHO-auHflaTO)-

-Ko6ajiT(III)-joHOBa 15.00 — 15.20

II — 2. T. J. JAHbWR m L. B. PFENDT

McnMTHBatbe cacTaBa a cTa6miHOCTH KOMiuieKCHHX

jeflHtbeiba y pacTBopy Cu(II)-joHOBa h DL-cepMHa 15.20 — 15.40

II— 3. F. WOLDBYE m C. P. HMKETMH

KoH(J>opMai4MOHa aHa.iM3a tris (TpMMeTHJieH-

fluaMMH) Ko6ajiT(III) cwcTeMa 15.40 — 16.00

II— 4. B. HMKOJIWR m A. MYK

YTMijaj cyjicbo rpyne Ha npcroHaijMjy m amcoijh-

jaqwjy peareHca ^epMBaTa bis-a3o-xpoMOTponHe

KucejiMHe 16.00 — 16.20

II— 5. M. TiOCWB., £. PAKMH m 3. BMHEHOEJIA

CMHTe3a h oco6nHe 0-eTHJi-S(2-N-MeTHJi-N-

-apnJiaMUHoeTMJi)MeTHJiTHOCpoccboHaTa 16.20 — 16.40

Ofliuop 16.40—17.00

II— 6. O. A. TiyPKOBM-R m "B. M. AMMMTPMJEBWR

O peaKiinjn aHXMAPiifla 3—HMTpocpTajme

KucejiMHe ca amuinHOM 17.00 — 17.20

II — 7. M. CTEcJ>AHOBWR, 3. T&APMATM w M. rAIHWB.

<t>yHKMMOHncaH.e CTeponflHHx jiaKTOHa 17.20 — 17.40

II— 8. M. Jb. MMXAMJIOBWR, Jb. JIOPEHI1,

M. JJAEOBWR, M. jyPAHWB. h M. rAUIPTR.

CojiBOJiHTMHKe peaKU.Mje u,MKJiofleu,eHnn-CHCTeMa 17.40 — 18.00

4>H3HHKA XEMMJA

Cajia 40

IIonoABeBHH cmtmu 15.00

III— 1. M. P. JOBAHOBWR

yTuqaj TeMnepaTypHor pejKHMa o6pafle Ha npw-

poay KwcejiocTM noBpniMHe Y-3eojiHTa 15.00 — 15.20

III— 2. n. C. nyTAHOB, b. r. ajiekcwr h

A. TEPJIELIKM—BAPMHEBWB.

McniiTMBaffae TpoKOMnoHeHTHnx u,nHK-6aKap-xpoM-

hmx KaTajiH3aTopa 3a CMHTe3y MeraHOJia.

III. McnMTMBaK>e TepHepHMX cncTeMa ca oahocom

KOMnoHeHaTa Kojn Oflrcmapa MHflycTpMjcKMM Ka-

TanM3aTopMMa 15.20 — 15.40



Ill— 3. C. H. MJIAflEHOBM'R, JL>. BAPrA h B. HOBOKMET

XeMwjcKa oTnopHOCT jierypa oJioBa

y pacTBopmna 3a xpoMwpan>e 15.40 — 16.00

III— 4. C. H. MJIAflEHOBMR m n. PAflOBAHOBMR

XpoMHpaH>e y npiicycTBy cmiHicotpjiyopoBOflOHmiHe

mjim 6opcpJiyopoBOflOHMHHe KHcejiHHe 16.00 — 16.20

III— 5. R. 'BOPT.EBMTi, C. nETPOBHR h B. AJIMMnMR

ynmaj TeianepaType h oflHoca noBpuiMHe y3poKa

npeMa 3anpeMHHM pacTBopa Ha xesrajcicy aeno3n-

UHjy HHKJia 16.20 — 16.40

OjMop 16.40 — 17.00

III— 6. B. MJIHR, fl. "BOPREBM'R, H. nETPOBWR m

B. AJIMMnMR

IlojaBa HanoHCKor CTaita kojs, xcmmjckm iiohh-

KJiOBaHMX SasapHMx TpaKa 17.00 — 17.20

III— 7. G. EL. INANI m JJ. C. BECEJIMHOBMR

nojiaporpacpcico noHamaH>e MOJin6fleHa y koh-

u,enTpoBaHoj cyMnopHoj KwcejiHHM y npwcycTBy

XHflpoxwHOHa 17.20 — 17.40

III— 8. JJ. C. BECEJIMHOBM'R h G. EL. INANI

CneKTpocpoTOMeTpMjcKO ncnnTHBan>e KOMiuieKca

6aKpa h XMflpoxMHOHa y Kwcejioj cpeflHHM 17.40 — 18.00

YTopaK, 19. jaiiyap 1971.

CHMn03HjyM O AHAJIHTHHKOJ XEMMJH

BejiuKU ajucpurearap

IIpenoAHeBHM cacTaHaK 9.00 — 12.40

npeflceflaBajyhw: MoMiip Joeanoauh

CeKpeTap: MuAutifl ffpazojeauh

— IlneHapHO npeflaBaite

BJIAflMMMP ByKAHOBM'R

JlejcTBO MarHeTHnx nojba Ha ejieKTpwHHH jiyK

y uiijny cneKTpa;iHMx OApei)MBaH>a TparoBa

ejieMeHaTa 9.00 — 9.45

Oamop

I — 15. M. JOBAHOBM'R h B. PEKAJIM'R

nojiaporpacpcito noHamaH>e 6epminjyMa 10.00 — 10.20

1 — 16. M. JOBAHOBM'R, F. F. GAAL h JI. EJEJIHHA

npMMeHa HeiinepTHMx ejieKTpoflHHx napoBa 3a

Oflpet)HBaibe opraHCKwx 6a3a m KHcejiHHa y He-

BOfleHMM cpeflMHaiua 10.20 — 10.40
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I — 17. M. C. JOBAHOBWR, F. F. GAAL h JL J. EJEJIMIJA

TajioxHO TMTpuMeTpHjcKO oflpe^HBaifce cyjKpaTa

npHMeHOM MHflMKaTOpCKOr CMCTeMa 6M3MyTOBMX

ejieKTpofla 10.40 — 1 1.00

1 — 18. B. ByHyPOBM-R m M. C. JOBAHOBWR

HoBa HHflMpeKTHa 0flpeJ)MBaH»a xjiopwfla

XMflpOKCMJiaMMHa 1 1.00 — 1 1.20

OflMop 11.20 — 11.40

1 — 19. M. flPArOJEBWR m M. C. JOBAHOBWR

IIpMMeHa 3enojiapn3aqnoHe MeTOfle 3aBpuiHe TaiKe

3a OApet)HBaH>e xjiopiifla h joflMfla y ciuecn 11.40 — 12.00

1 — 20. M. C. JOBAHOBJfR, M. flPArOJEBWR

m b. BynypoBHTi

IIpMMeHa HHflHKaTopcKor CMCTeMa HenojiapM-

30B8HHX njiaTMHCKMX ejieKTpOfla KOfl peflOKC

TMTpaquja 12.00 — 12.20

1 — 21. B. BAJrAHfl, P. MHXAMJIOBWR

m M. PAKOHEBPTR

KyjioiweTpHjcKa TMTpaujija CMece ajiMcpaTMHHHX

h apoMaTMHHMx aMMHa y aueTOHMTpHJiy 12.20 — 12.40

IIonoAHeBHH cmishsk 15.00 — 18.00

IIpeflceflaBajyhH: JeAuv,a Mumoeuh

CeicpeTap: Miuiena JobclhobuH

1 — 22. B. BAJTAHfl h F. F. GAAL

IIpMMeHa flwcpepeHmijajiHMx TexHMKa

y KaTajiMTMMKo TepMOMeTpnjcKMM THTpauMjaiwa 15.00 — 15.20

1 — 23. B. BAJrAHA m A- CTOJAHOBMH

Oflpei)HBaH.e »HBe KaTajiHTMHKO noTeHUMOMe-

TpwjCKOM TMTpaqwjoM 15.20 — 15.40

1 — 24. B. BAjrAHfl h T. TOflOPOBCKM

MHTepcpepoMeTpwjcKO m KOHflyKTOMeTpwjcKO Oflpe-

buBaite HeKwx CMeca khhctmhkom MeToaoM 15.40 — 16.00

1 — 25. T. TOflOPOBCKM, Jb. KEIJKAPOBCKA,

JI. UIOnTPAJAHOBA m M. CIIMPEBCKA

MHTep45epoMeTpnjcKO-BOJiyMeTpwjcKo oflpe-

t)HBaH>e yrjteH-flMOKCMfla 16.00 — 16.20

O fl m o p 16.20 — 16.40

1 — 26. J. JIHIITAK m E. ULRICH

AHajIHTMHKa KOHTpOJia CMHTe3e nHpilflOKCMHa

(BMTaMMHa Be) 16.40 — 17.00

1 — 27. M. TOHKOBMlx m III. MECAPITR

OflpebnBaH»e yrjBeHMKa h BOflOHHKa y opraHCKMM

cyncTaHiiaMa Koje caapxce cpjiyop 17.00 — 17.20
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1— 28. A. MAPKOTWR

KBaiiTMTaTMBHo OApebMBatt>e Fes04 y napa m flua-

MarHeTMHHMM vaTepujajiHMa MarHeTCKOM BaroM 17.20 — 17.40

I — 29. B. rA3HBOflA, L. PUTZ n B. CTMJIHHOBWR

KeMiijcKo h CiioJiouiKO iicTpa>KUBaH.e Tajiora

u BOfle no ASTM-y npnMeH,eHo npmiHKOM yTBp-

biiBaiba CTynita arpecHBHocTM mjih iirreTHOCTH 17.40 — 18.00

HEOPrAHCKA, OPrAHCKA H BHOXEMMJA

Com 42

IIpenoAHeBHM cacTBBaK 10.00 — 13.00

npeflce«aBajyhn: Afapjau Jlahan

CeKperap: Mtuian MywKarupoBuh

II— 9. M. CTEtHAHOBUTi, M. B. MWROBHTi

M fl. MMJbKOBITR

PeayKTMBHe uiiKJin3au,nje a, P-He3acnheHMX

crepoMflHMX Kero CHereMa ca xerepoaTOMOM

y Y-nojiowajy. CwHTe3a Hop-Men«i-n30

CTepoMflHHX ajiKajioiua 10.00 — 10.20

II — 10. M. Jb. MMXAMJIOBWR, C. KOHCTAHTMHOBM'H

H 5K. HEKOBHTi

MHTpaMOJieKyjicKe aflnu.nje He3acnheHMX

ajiKOKCM paflMKaJia 10.20 — 10.40

II— 11. O. -ByPKOBWR, Jb. TAJIEBOBHTa,

•B. AMMMTPHJEBWR, C. MMJIOCABJbEBITR.

M fl. JEPEMMTi

MaceHM cneKTpw 3 (6)-hmtpo- m 3 (6)-au.eTaMMHO-N-

(pennjicyncTMTyncaHMX cpTajiaMiiHCKMX KiicejiHHa 10.40 — 11.00

11 — 12. fl. JEPEMWR. Jb. MHXAMJIOBH-R,

B. AHflPEJEBMH h M. JAKOBJbEBMTi

OflpebnBaH>e crpyKType H30MepHwx

8-eTmi-7-oKca6HUMKJio (4.3.0) HOHaHa 11.00 — 11.20

OflMop 11.20 — 11.40

11 — 13. C. MMJIOCABJbEBPTR h fl. JEPEMWB.

NMR cneKTpM cis- h trans-2-eTMJi-4-XMflpoKCH-

Meraji-1, 3-flMOKcojiana n cis- m trans-2-eTHJi-5-

-XMflpoKcn-1, 3-flnoKcaHa 11.40 — 12.00

11 — 14. r. T. XAJflyKOBWB.

ymqaj pacTBapana y HyKjieapHO-MarHerHO pe3o-

HaHTHOj CneKTpOCKOnMjH ■— I;i-IKJ1H<1HM KeTOHH

y pacTBopMMa 6eH3eHa 12.00 — 12.20

II — 15. M. JIATiAH, J. XPAHMJIOBWH, 3. BAJTHEP,

M. TABAKOBMTV n 3. CTyHWR

EjieKTpoxeMnjcKa pe^yKUMja HHTepiuefliijepa

y npoiMBOflffcH BMTaMMHa B«. II. EneKTpoxeMHjcKa

peayKqiija cyncTHTyiipaHiix mipHflOKCMHa 12.20 — 12.40
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11 — 16. K. KJbAJMTV h M. nPOLUTEHMK

Il30Jiaijnja m cTpyKTypa cyjicparafla

KOifcCKor M03ra 12.40 — 13.00

IIOIIOAHeBHM eacnBSK 15.00

IlpeflceflaBajyhM: JbyduHKa Jlopenv,

CeKpeTap: Jbujbana MajdaHau,

II — 17. B. JIECKOBAIJ, A. TyPHAH>M H Jb. BPBAIIIKM

Peryjiaipija rjiyKOHeoreHe3e ko« KBacua ripn

nopacTy Ha rajiaKT03H 15.00 — 15.20

11—18. M. CTE*AHOBJrR, A. JOKMTi

m ABDULAZIZ BEHBUD

XeMHjcKo McnHTMBaffce flOMahnx BpcTa apTeMMCna 15.20 — 15.40

II — 19. O. TAUUTR h M. nEPrAJI

McnMTMBaibe nanaBepy6nHa D y OTnaflHMM

npoflyKTwua npH npepaflH onwjyMa 15.40 — 16.00

11 — 20. C. CTAHKOBPTR, Jb. MAJAAHAII

H Jb. rAJIEBOBM-B.

MfleHTHCpMKauHja npoueca flo6njaH>a BMCOKOonjie-

MeibeHe cyjKpaTHe uejiyjio3e 3a xenmjcKy npepany 16.00 — 16.20

Oamop 16.20 — 16.40

n— 21. c. a. rpyjifR. m b. m. rpyju'R-MBbAij;

XpoMaTorpacpcKo pa3flBajaH.e HyKjiei-iHCKMx

KMcejiHHa KyKypy3a Ha kojiohh off MeTmioBaHor

xyiwaHor aji6yMMHa 16.40—17.00

n — 22. O. JAHHWR u M. CMMJbAHM'B.

Xnflpo^HTMHKa flerpaaatiHja KyKypy3Hor

cKpo6a noMohy a30THe KMcejiHHe 17.00 — 17.20

11 — 23. O. JAHHMTV w A. 'BOP'E.EBM'R

Ammho ctpm CKpoSa ca cpjioKyjiau.MOHHM oco6nHaMa 17.20 — 17.40

11 — 24. A. -BOPTbEBWR h O. JAHHWR

ynopeflHa OKCMflau.nja KyKypy3Hor, KpoMimpHor

h nuieHMHHor CKpo6a 17.40 — 18.00

11 — 25. O. JAHHMTi m A. 'BOP'BEBM'R

McnnTHBan>e cpJiOKyjiaunoHnx oco6ffHa aMMHO

eTapa CKpo6a 18.00 — 18.20

4>M3HHKA XEMHJA

Com 51

cacTaHan 10.00 — 1 2 .40

npeflceflaBajyhw: Cnacoje Tbop^eauh

CeKpeTap: flamca JoeaHoauh



10

III— 9. C. 'BOP'BEBM'R, M. IUEIUHH'R, 3. CTAHKOBJTR

M B. JTnbVTB.

<I>M3MHKO-XeMMjCKe BejIMHMHe 3a CMCTeM

KynpucyjitpaT-cyMnopHa KncejiMHa-BOfla. II 10.00 — 10.20

III— 10. J. JABbJTB, fl. nEUIMB. m fl. JAHKOBJTR

Emhcmohm ejieKTpoHCKM cneKTap "ClsO+ MOJieKyna.

I HeraTMBHH chctcm 10.20 — 10.40

III— 11. R. XAIXH m C. MMJIMHEB

Bn6pau,njcKn cneKTpM aflyicaTa HeKMX TpMxa-

jioreHMfla ejieMeHaTa nere rjiaBHe BepTHicajie

nepwoflHor CMcreMa ca TpncpeHMJicpoccpHH okchaom

M TpMCpeHHJiapCHH OKCHflOM 10.40 11.00

III — 12. fl. XAUM, M. OBPAAOBMTi, II. TPAMnyjK

m J. KHflPMH

BM6pai;noHa aHajnwa no HopMajiHHM

KOopflMHaTaMa 3a BH6pau.nje y paBHM AHMepa

TpMXJiopcMpheTHe KwcejiHHe 11.00 — 11.20

Ohm op 11.20 — 11.40

III— 13. fl. -BOPTdEBM-H, K. HHKOJIMTV m H. nETPOBM'R

yTHijaj pejKMMa CHHTepoBatba Ha cpjiyope-

cqeHTHe cneicrpe jiyMHHHCu.eHTHHx MaTepwjajia

Ha 6a3M 3eMHoajiKajiHHX cyjupiw m cyjicpaTa 11.40 — 12.00

III — 14. H. nETPOBJTH, R. "BOP-BEBMIi

M A. CTE<t>AHOBWR

IIpoyHaBaH>e CTeneHa TepMMHKor pa3JiaraH>a

cineuie KajmwjyM Kap6oHaT — CTpoHU.MjyM

Kap6oHaT y iipotohhom CMCTeMy 12.00 — 12.20

III — 15. H. nETPOBITR, K. HMKOJIITR h R. -BOP-BEBUB.

ynmaj peTKMx 3eiwaJba Ha cpJiyopecijeHTHe

cneKTpe jiyMMHOcpopa Ha 6a3M ciueme cyji(p*ma

m cyjicpaTa 3eMHoajiKajiHMX TijeTajia 12.20 — 12.40

METAJiyPrHJA

CaJia 91

IIpenoAHeBHM oaonuBSK 10.00 — 12.40

IIpeflceflaBajyhH: Ryuian Bynypoeuh

CeKpeTap: PajKO Bpanap

TV — 1. M. CnACWR, fl. ByHyPOBHTi H M. HJIJTR

EKcnepHMeHTajiHa HCTpaxcHBaH»a h npaKTiniia

peajiM3au,nja npepa«e jkhbhuc pyae „IIIynjba

CTeHa" ABajia 10.00 — 10.20

IV— 2. B. "ByPKOBHB. h fl. CMHAflMHOBWR

Konqeiirpaunja imaHjyMa y pacTBopy eKCTpaK-

Mmjom opraHCKMM pacTBapaHMMa 10.20 — 10.40
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IV— 3. C. MAPKOBJTB. h P. BPAHAP

I^eBHM peaKTop m Jiysceite 6oKCHTa

BajepoBMM npOLiecoM y H.eiwy 10.40 — 11.00

IV— 4. "B. IIBETAHOBini

floBujaibe cpepo-cmiMKO-ajiyMMHHjyMa ejieKTpo-

TepMMHKOM peflyKqwjoM 6ejior 6oKCTHTa 11.00 — 11.20

OflMop 11.20 — 11.40

IV— 5. fl. ByHyPOBMH h m. mjim-r

npnoior npoynaBaity npou.eca xjiopoBaH.a

HMKJiCMJinKaTa h MoryhHoc™ H>eroBe

HHTeH3MCpmcaijHje, racoBHTHM xjiopom 11.40 — 12.00

rv— 6. b. r. JioroMEPAu;

Tonjteibe hhkjiohochhx jKejbe3Hwx pyaa 12.00 — 12.20

TV— 7. H. rAKOBHH, Jh. HEflEJbKOBM'E,

n. BOrOCABJbEB m A. HABJfB.

ynnjaj OKCMflaai-ioHe racHe cpa3e Ha MoryhHOCT

yKJiaibaifca cyMnopa M3 CHCTeiaa rBO>Kbe-TpocKa 12.20 — 12.40

IIonoAHeBHH cacTaaaK 15.00 — 18.20

IIpeaceflaBajyhM: BpaHKO Boxuh

CenpeTap: Bojuu MujieHKoeuh

IV— 8. B. IIEPOBWR. m JK. CTE<&AHOBMTl

YTimaj nocTynira ae30KCMflaijiije vt pejKHMa

3arpMjaBaH>a MHroTa Ha TexHOJioniKy ruiacTHHHOCT

ne^HKa H. 1190 15.00 — 15.20

iv— 9. m. nEirorH. c. touopobm-r. b. mmjiehkobm-r.

m M. JOBAHOBJTR

IIpMJiarobaBaH>e NEMA- TecTa 3a oqeHy

cnoco6HOCTM }KapeH>a 6e3KHceoHMHHor 6aKpa 15.20 — 15.40

IV— 10. C. TOflOPOBJTE.

ynmaj ojiOBa y 6e3KnceoHMHHOM 6aKpy Ha

TeMiiepaTypy peKpncTajiM3ai<jije 15.40 — 16.00

IV— 11. M. nEUIM'R, C. EMJIWR, H. BOPOHIJOB

m B. MMJIEHKOBJTR

yTHijaj cpaKTopa oSjiHKa Ha tok xapeifca

ajiyMMHujyMCKMX jiMMOBa 16.00 — 16.20

O « m o p 16.20 — 17.00

— roduiu«.u cacranaK MerajiyptuKe ceicu,uje 17.00 — 18.00
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rOAHIIIH>H CACTAHIW CEKUMJA CPDCKOr

XEMHJCKOr aPyiUTBA

— HACTABHA CEKUMJA

Com 40

IIpenoAHeBHM cacTaHax 10.00 — 12.0C

IlpeflceflaBajyhM: nae.ie Tpnunav,

CeKpeTap: GtasKa JSoiuH>aKoeuh

1 CTAHMMMP APCEHMJEBMTi

JIaBoa3nje pecfropMaTop xeMMje 10.00 — 11.00

2 AJIEKCAHflAP JIEKO

O caflpxajy cHMno3njyMa o Hac-raBu xenmje

noBOAOM npocjiaBe 75-roflMmifeMu.e Cpncxor

xeMMjcKor ApyiiiTBa 1 1 .00 — 1 1 .20

flncicycHja

IIono^HeBHH cacTaHax 15.00 — 17.00

IIpeflceflaBajyhM: Joean Ulena

CeKpeTap: Mupjana IIla6aH

3. MMXAMJIO MAPKOBMTi

TaKMHHefte cpeAH.omKOJiaua M3 xeMMje npeico

noKpeTa „HayKa MJiaflMMa" 15.00 — 15.30

4. BMJIMM BAJrAHA

HeKa MCKycTBa ca caBe3Hnx TaKMnnen.a

CTyaeHaTa H3 aHa.iHTMHKe xeMMje 15.30 — 16.00

5 PyjKMUA BJIAJHWR m JbMJbAHA 3MHflOBMTi

AHajima KBajiMcpMKauMOHHx ncriHTa Ha MejH-

miHCKOM cpaKyjiTeTy uiKOJiCKe 1970/71 roflMHe 16.00 — 16.30

flnci<ycnja

— CEKUMJA 3A TEKCTMJIHy XEMMJY

M TEKCTMJIHy TEXHOJIOrMjy

CaJia 52

IIpenoAHeBHH cacTaHaK 10.00 — 12.20

npeaceAaBajyhn: RuMUTpuje UokuH

CeKpeTap: Tpajjcoeuh Pucra

1. UOKMTi fl., nEPKyHMH J.

yTnuaj ajjKajiwja Ha fleicpncTa.nM3au.Hjy nainyica 10.00 — 10.15

2. UOKMTi fl., nEPKyHMH J., HAJIMTi n.

KnHeTHKa 6ojeH.a naiuyKa pa3JiMHMTor CTeneHa

«eKpHCTajiH3ai;Hje 10.00 — 10.30

3. P. JOBAHOBMTi m H. C.HABEJKOB

npoynaBafte MoryhHocTM npwMeHe xeinnjcKHx

areHaca Kao aeTeKTopa npoMeHa y cTpyKTypn

nojiMKanpoaMMflHHX BJiaxaHa 10.30 — 10.50
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4. P. JOBAHOBMTi, T. CJIABEJKOB H A. JiyHWR

yTMqaj napameTapa MCTe3aH>a Ha opujeHTHcaHOCT

nonHKanpoaMMflHHx BJiaKaHa 10.50 — 11.10

OflMop 11.10 — 11.30

5. M. JATiOBWR, M. JAHHH m £. UOKWR

ITpMJior npoynaBaifcy CMHTe3e peaKTHBHHX 6oja

ca aTOMHMa TeiiiKHX MeTajia 11.30 — 11.45

6. fl. UOKMTi, P. TPAJKOBJ-TR

npoynaBaifce MoryhHOCTH o6pa/je o6ojeHor

naMyica coJiHMa TeuiKiix MeTana 11.45 — 12.00

7. P. JOBAHOBWR.

KajieMJbette ByHe bhhhjihhm MOHOMepHMa 12.00 — 12.20

nonooHeBHH cacTaHax 15.00

IIpeflceflaBajyhM: PadMUAa Joeanoeuh

CeKperap: CAotodana Kobo.h

8. fl. UOKJTR, P. MAHOJJIOBWR. H B. MEMHELCLER

YTHqaj peaRTHBHOCTH npeflKOHfleH3aTa Ha CTeneH

yMpeHteHocTM qejiyji03e 15.00 — 15.15

9. fl. UOKH-R n M. nOJIWREBWR

AenoHOBatbe cojim TeuiKwx MeTajia y naMynHO

BJiaKHO 15.15 — 15.30

10. fl. UOKMTi m B. MMPOBCKA

yTMqaj npupofle KaTjcwa Ha oco6wHe pacTBopa

cojim flOflemwi6eH30JTcyjicpoHCKe KMcejWHe h h>m-

xobhx CMeuia 15.30 — 15.45

11. fl. UOKM-R h M. -BOKMTi

OqeHa Merofla Kajiyruteifea noiaynHMx BJiaKaHa

3a yjITpaMMKpOTOMCKa H ejieKTpOHCKO MHKpOCKOn-

CKa McnuTMBaifca 15.45 — 16.00

— CEKIJHJA 3A KEPAMMKy

Com 89

IIpeflceflaBajyhH: #ejaH Rejiuh

CeKpeTap: JlyKa Knexuh

VI — 1. C. CTOJAflHHOBWR

flonpMHOc no3HaBaH.y reHe3e rwiCHor KaMeHa 15.00 — 15.20

vi — 2. n. CAnyHOB, m. matkajimeba

h B. IIABJIOBCKH

IIpMMeHa 6enor Tycpa y qeiueHTHOj HH/jycTpwjH 15.20 — 15.40



Cpe.ua, 20 jaHyap 1971.

CEKIJMJA 3A XEMMJCKO MHXCEHbEPCTBO

(BejiuKii aMtpurearap)

npeflceaaBajyhn: CAo6odan Konvap-Bypfjeeuh

CeKpeTap: AAettcaudap Tacuh

EOIIIKO nABJIOBMTi

XeMMjcKe peaKUMje y nna3Mn ejieKTpMHHor Jiyica

m MoryhHOCT K.nxoBe npHMeHe 9.00 — 9.45

H. A4>rAH, fl. MAJIM-R, E. 'BOP'BEBM'R

M A. TACM-R

<t>enoMt'nn npeHoca c acneKTa TepMOflHHaMHKe

HenoBparaMX npoueca 10.00 — 10.45

CEKUMJA 3A AHAJIMTMHKy XEMMjy (CaAa 51) 10.00 — 12.00

CEKUMJA 3A PAflMOXEMMjy 10.00 — 12.00

CEKUMJA 3A EJIEKTPOXEMMjy (CaAa 51) 10.00 — 12.00

JAKUIPTR MMJIAH:

Pa3Boj Teopuje m npaKce ejieKTpoxeMnjcKHx

npoqeca Ha pacTBopuMa ajiKajiHHx xjiopMfla 10.00 — 10.45

CEKUMJA 3A CnEKTPOXEMMjy (CaAa 52) 10.00 — 12.00

CEKUMJA 3A EMOXEMMjy (CaAa 89) 10.00 — 12.00

CEKUMJA 3A UEJiyjI03y M XAPTMJy (CaAa 90) 10.00 — 12.00

CEKUMJA 3A yrAJb, HA<X>Ty

M IIETPOXEMMjy (CaAa 91) 10.00 — 12.00

roflMiuifcA CKyninTMHA cpncKor

XEMMJCKOr flPyiUTBA (eeAUKV. ajupurearap) 16.00

IIOMeTaK ce onnaxe 3a 17.00 yKOJiwco He 6yae

npMcyTHa 6ap je^Ha nanoBHHa nuaHCTBa



CHHOIICHCH HAY^HHX CAOniUTEH>A





I. CHMn03HjyM O AHAJIHTHHKOJ XEMHJH

I—1.

cnEKTPOMETPMJCKO OflPET.MBAH>E 15 EJIEMEHATA

y TPArOBMMA y BMCOKOHMCTOM EAKPy

C. ByKOTMTi

Research & Technical Center "Anaconda", Waterbury (USA)

flaTa je Merc-aa 3a oflpe^MBaifce B, S, Se, Te, Ag, Zn, Cd, Hg, Sn, Pb, Ni,

P, As, Sb w Bi y KomjempamijaMa ofl 1 flo 15 ppm y bhcokohmctom 6aKpy,

nperxoflHO peayKOBaHOM 6opoM. OraHflapflH 6aKpa ca 1, 2, 5, 10 m 20 ppm

obhx ejieMeHaTa npnnpeMJbeHH cy no noce6HOM nocTynKy m o^pebeHe cy h>h-

xoBe Kajiw6pau,noHe KpHBe. CTaHflapflHa 0flCTynan.a n3Hoce oko 4°/o.

1—2.

KBAHTMTATMBHA PEHflrEHCKA flPKUPAKIJMOHA

AHAJIM3A BOKCMTA

J. MMIUOBM-R it Jb. <X>OTH"R

TexHOAOtuKO-MeraAypuiKU cpanyjiTeT, Beoipad u MncTuryT 3a xeMujCKa,

TexnojiouiKa u MerajiypiuKa ucrpaxusaiba, Beoipad

y pasy je BpmeHo ncnnTMBaH.e KBaHTHTaTHBHor MimepajioniKor cacTaBa

6oKCHTa noMOhy peHflreHCKe flHCppaKmTOHe MeToae. ^o6njeHe KpwBe 3aBH-

choctm HHTeH3MTeTa flucppaKTOBaHor 3paHeH>a on npoqeHTHe KOHijeHTpauwje

nojeflMHMX cacTojaKa SoKCMTa TyinaneHe cy npeKO Teopwje Alexander h

Klug-a, Kao m npeKO ceflMMeHTaqMOHe TeopHje. IIpHMeHOM M3pa3a 3a irapa-

HyHaBaH>e MHTeH3HTeTa flucppaicTOBaHor 3paneH>a ko]h cy flajiw Alexander

m Klug flo6njajy ce Kajin6pai;noHe KpMBe 3a oflpeljMBaHe KOMnoHeHTe Koje

ce MeJ>yco6HO floSpo cjiaxy, nofl ycJioBOM fla ce aHajiH3npajy KBajiHTaTHBHO

hcth Sokcmtm. CeflmieHTaijHOHy Teopwjy hhcmo moivih «a npwMeHHMO, jep je

OHa pa3BMjeHa h noTBpJjeHa caiao Ha CMCTeMMMa r^e cy MaceHH ancopnu;HOHH

KoecpMMMjeHTM KOMnoHeHaTa Smjih bpjio Sjimckh, a pa3Jinice y cneijHcpHHHHM

TejKHHaMa Bejimce. McnMTMBaHH chctcm 6eMHT-rnncnT HMa MeljyTHM bpjio

pa3JiMMMTe ancopni;HOHe KoecptmnjeHTe KOMnoneHaTa, a He Taxo pa3jniHHTe

cneqwcpHMHe TeacwHe.

2 17
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1—3.

CnEKTP04>0T0METPMJCK0 OflPE'BMBAIfoE

flMMETMJI CyJI4X3KCM.HA

3. 1IL /OOflAP m 3. M. -BAKOBITR

MncTUTyr 3a nyiuieapne Hayne „Bopuc Kudpun", Buhho.

Pa3BMjeHa je cneKTpocpoTOMeTpiijcKa MeTOfla 3a oapebHBaibe MHJinrpaM-

ckmx KonwHMHa flMMeTMJi cyjicpoKCn.ua y BOfleHOM pacTBopy. MeTO,«a ce 3a-

CHHBa Ha yTaqajy Kojn flHMeTHJi cyjicpoKcufl bpiiim Ha cneKTap raojKbe (III)-

-xjiopMfla y BOfleHOM pacTBopy. OceTJbMBOCT MeTo^e HHje BeJiwca, ajiH je

TanHOCT 3aflOBOJbaBajyha.

1—4.

CnEKTPO<E>OTOMETPMJCKO OflPE'BMBAIfcE TPAPOBA

EJIEMEHATA y JIAHTAH OKCMfly BMCOKE HMCTCRE

fl. PAJKOBWB.

MncTuryr 3a Texnojiotujy nyKJieapnux u dpyiux MimepaAHUx

cupoeuna, Beozpad

Pa3pr.beHe cy MeTOfle 3a cneKTpocpoTOMeTpnjcKO oapebuBaifee rBOJKba,

MaHraHa, Ko6ajiTa, TopnjyMa m cnjiMu,MjyMa y jiaHTaH OKCM^y Biicoite HHCTohe.

3a oflpebMBaHae cy SwpaHe MeTOfle Koje ce cwiHKyjy TaHHOinhy, oceTjbM-

BOtuhy, cneqMCpMHHomhy m jeAHOCTaBHomhy. McnHTaH je yTnu.aj jiaHTaHa Ha

0flpebnBaH>e CBaKor noje^MHor ejieMeHTa m «aT je ojjroBapajyhw nocTynaK.

IIpoBepeHe cy TanHOCT m npeu,H3HOCT npMKa3aHHx MeTOfla m yTBpbeHO #a ce

Hajia3e y rpaHHijaMa yo6nHajeHHM 3a cneKTpocpOTOMeTpwjcKe MeToae.

TBOJKbe ce o^pebyje opTOCpeHaHTpojiHHOM, MaHraH nepMaHraHaTHOM Me-

TOflOM, K06ajIT C HMTP030-P COJIH, TOpHjyM C TOpHHOM, a CMJIHU.MjyM KaO MO-

jin6fleHCKO nJiaBo. CBe MeTOfle cy jjupeKTHe, M3y3eB OApebHBaH>a TopwjyMa,

rfle ce bpluh oflBajaifce Ofl JiaHTaHa.

1—5.

yjIOrA pH KOH O^PE-BMBAIBA CMJIMIJ,MJyMA y yPAH

flMOKCM^y METOflOM MOJIMEflEHCKOr nJIABOr

fl. PAJKOBWR

MHCTUTyr 3a Texnojioiujy nyKJieapnux u dpyiux MunepaAnux

cupoeuna, Beozpad

Upn pa3paflM MeTOfle ospebnBaH>a cminu,njyMa y ypaH fliioKCHfly 3acHo-

BaHe Ha rpaben>y MOJin6«eHCKor njiaBor McniiTHBaH je ynmaj pH. OBaj yTH-

u,aj ce HcnojbaBa kor rpabeita m peayKmije cminu,njyM — MOJinSflaTHor kom-

njieKca, Kao m y MoryhHocTM Tajio»en>a npncyrHor ypaHa.
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McnMTaH je h yTHuaj (JuiyopMfla Ha pH npH KOMe ce «o6nja MaKCHMajmn

HHTeH3MTeT 6oje HacTajior MOJin6fleHcitor njiaBor.

y3MMajyhn y o63Mp pe3yjiTaTe obhx McnHTMBaita 3a npeflJiwKeHH aHa-

jimtmhkm nocTynaK ycBojeH je pH 1,1 icao onTHMajiHH nofl flaTMM eKcnepH-

MeHTajIHMM yCJIOBMMa.

1—6.

OflPE'BMBAIfcE yjITPAMMKPO-KOJIMHMHA KOBAJITA

nPATiEH>EM KATAJIMTMHKE OKCMflAUMJE

nMPOKATEXMH-JbyEMHACTOr

BOAOHMK-nEPOKCMAOM

T. J. JAH>WR h T. MMJIOBAHOBM-R

npupodHo-MaTeMCLTUwu (panyjiTeT, Eeoipad u Mhctutvt 3a xeJtujcKa,

TexHOAOWKa u xeTcuiypwica ucrpaxuBaiba, Eeoipad

Kara je HOBa KMHeninKa MeTOfla 3a oflpebMBaite yjiTpaMHKpo-KOJiHHHHa

Ko6ajiTa npMMeHOM peaKu,nje 0Kcnflau,wje nwpoKaTexHH-jbySiiHacTor (TLjb) bo-

aoHHK-nepoKCMflOM. Paaw M3Hajia3Keifca onTHMajiHHx ycjiOBa 3a npmueHy OBe

peaxmije 3a o;ipe})HBaifee KoBajiTa, McnMTaHa je KMHeTwca OBe peaKqHje m p.at

je H>eH KMHeTMHKM M3pa3:

dx

-~ = K[njb]tH202][H+]-''nCo2+]

dt

KiiHeTHHKM H3pa3 3a HeKaTajiH30BaHj' peaKuwjy, Koja ce ynope^o cnopo

OABHja, MOJKe ce npe^cTaBHTM OBaKo:

dx

-- = K0[njbj[H+]-1/"

dt

Ha ocHOBy kmhcthmkhx H3pa3a 3a 6p3HHy KaTajiMTMHKe m HeKaTajiHTMHice

peaKU,nje OKcnaaLuije nnpoKaTexnH-jT-y6HHacTor BOflOHMK-nepoKCHflOM M3pa-

HVHaTe cy KOHCTaHTe 6p3HHa KaTajiMTMHKe w HeKaTajmTHHKe peaKqwje, Koje

M3Hoce: K = 0,98 ± 0,02 X10" h Ko = 0,74 ± 0,03 X 10-4.

McnHTMBaiteM ymqaja Teinnepaxype na 6p3MHy KaTajiHTHHKe m HeKaTa-

.iMTHHKe peaKuwje HabeHO je «a eHeprwja aKTHBaiuije m3hocm 3a KaTajiMTHHKy

peaKi?njy 10,38 kcal no MOJiy, flOK 3a HejcaTajiMTHHKy peaKu,njy m3hocm

14,79 kcal no MOJiy.

Ha ocHosy flo6nBeHnx noaaTaica M3panyHaTe cy v, oflroBapajyhe eHTpo-

# #
nwje aKTMBauHjo: XS = — 4,38 e.j. no Mo.ny 3a KaTajiiiraHKy peaKUHjy h AS =

— 35,82 e.j. no MOJiy 3a HeKaTajiMTMHKy peaKUHjy.

HajMaH.a KOHu.eHTpau.wja Ko6ajiTa Koja ce npMMeHOM OBe MeTOfle Morae

oapebMBaTM M3paMyHaTa je no MeTOflM JauHMwpcKor m m3hoch: Cmin^ 0,65 X

X 10—5 Hg/ml.

Ha ocHOBy flo6wBeHwx pe3yjiTaTa npnMen>eHa je peaicunja oKCH^aqnje

nupoKaTexMH-jbyoMMacTor BOflOHMK-nepoKcwflOM 3a o^pebwBaite yjiTpaMMKpo-

xojiMMMHa Ko5ajiTa, KojH OBy peaKqvijy KaTajw3yje. OflpebuBaifca cy BpuieHa

MeTO^OM tangensa, a OApebHBaHe cy kojihhmhc Ko6ajiTa Koje cy ce KpeTajie

Ofl 2,0 X 10-8 flo 13,0 X 10-* Hg/ml.

2'
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Haj3afl, HcnMTaH je yTHijaj cneaehnx ctpshhx jfoHOBa Ha 6p3HHy obo

peamjHje: K+, Na+, Ca*+, Mg*1-, Cd^, Cu»+, Ni'+, Zn»+, Pb*+, Bi', FeJ+,

Cr»+, Mn*+, C1-, SOa*-, NOs- CHsCOO- m C1O41-.

1—7.

OflPE'BMBAIfcE APCEHA(III) M AHTMMOHA(III)

KAJIMJyM-aHXPOMATOM

B. BAJrAHfl, B. HMKOJIHU m Jb. "ByPH-R

npupodHO-MareMaTUHKU (panr/Arer, Eeoipad

M3BpiueHe cy noTeHu,HOMeTpHjcKe THTpaujije As*+ hjih Sb*+ y 3—8

N HsSO< hjih HC1 flMxpoMaTOM. IIoiuto ce paBHOTejKHo CTaH>e Ha Pt eneic-

TpoflH cnopo ycnocTaBJia, TMTpaqwje cy BpiueHe y npwcycTBy 10—*M KJ; joflwfl

je ynoTpe6n>eH Kao nocpeflHwc (MejjnjaTop) pa^M 6pxer ycnocTaBJi»aH>a ejieic-

TposHor noTeHn.nja.iia. ynopebHBaH>eM cneKTpod)OTOMeTpHjcKHM h noTeHUMO-

MeTpHjcKHM nyTeni flo6HBeHMX noflaTaxa o 6p3iiHaMa xenmjcKHX peaKU.Hja

yTBpbeHo je #a joflHfl He KaTa.7in3npa peaKi^njy M3Meby As'+, oflH. Sba+ h ah-

xpoMaTa. y npwcycTBy MeflwjaTopa paBHOTejKHH noTeHUHjaji ce ycnocTaBJba

3a 1—2 MHHyTa h Mory ce aoSmth TanHM m npeu,M3HH pe3yjiTaTH.

Oflpet)HBaHe cy kojihhhhc on 5 no 80 mg As hjih Sb ca npoceHHOM

rpeiuKOM on 0,2—0,4%> m CTaHflapflHOM fleBHjaunjoM on 0,2*Vo.

1—8.

AMnEPOMETPMJCKA TMTPAIJMJA APCEHA (III)

M AHTMMOHA (III) flMXPOMATOM

B. BAJrAHfl, B. HMKOJIMTi H B. AHTOHMJEBMB

npupodHO-MareMaTUHKU 0aKyATer, Beozpad

M3BpuieHa je aMnepoMeTpwjcKa THTpaunja apceHa (III) h aHTiiMOHa (III)

Kajinjyin AHxpoMaTOM npw noTeHU,Hjajiy or 0,25 V/ZKE, ynoTpe6.T>aBajyhH

poTannoHy njiaTMHcuy MHKpoejieKTpo/jy. THTpainije cy M3BobeHe y 0.5 no

8 N HiSO< hjih 2,5 jjo 8 N HC1. CHHMafteM I—V kphbhx ocHOBHor ejieKTpo-

jiHTa h y npwcycTBy As (III), Sb (III), Cr (III) h Cr (VI) 3ana3HJiH cmo fla

flH<py3HOHa CTpyja noTHne caiuo on eJieKTpope/iyKUHje flHxpoMaTHor joHa Ha

noTeninijajniMa no 1 V/ZKE. HcnwTHBaiteM 3aBHCH0CTH flH(py3HOHe CTpyje on

KOHu,eHTpau.Hje flMxpoMaraor joHa yoHHJin cmo jiHHeapHy 3aBHCHOCT y HHTep-

Bajiy ofl 2.10—5 no 2.10—4 g-joHa/1, HMMe cy aaTH ycjioBM 3a H3Boben>e a«.ine-

poMeTpnjcKe THTpau.Hje ceMHMHKpo KOJiHHHHa apceHa (III) h aHTMMOHa (III)

AHxpoinaTOM. KojiHHMHe ofl 0,4 no 20 mg apceHa (III) onpebHBaHe cy ca thm-

Homhy 99,45 ± 0,70°/o, a 0,6 no 20 mg aHTMMOHa (III) ca TaHHOinhy 99,65 ±

± l,02Vo.
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1—9.

nPOyHABAHbE CTABMJIHOCTM nAJIAflHJyM (II)

AIIETATHOr KOMnjIEKCA nOTEHUMOMETPMJCKMM

M nOJIAPOrPA*CKMM nyTEM

B. BAjrAHfl h M. CnKPEBCKA

TIpupodno-M.aTeM.aTuv.KU $)av:yjvreT, Eeotpad u TexHOJiouiKO-MeraAypuiKU

(paKyjvreT, Citonje

McnHTMBaHe cy Hene oco6nHe aijeraTHor KOMnjieKca najiaflHjyMa (II) joHa'

y pacTBopy. Oapet)eHa je npn6jinjKHa BpeflHoer KOHCTaHTe CTaSmmocTH kom-

njieKca u ncriHTHBaHa je MoryhHOCT iteroBe npmieHe y nojiaporpacpcKoj aHa-

JIM3M. ycjioBM rpal>en>a KOMiuieicca HcnwTHBaHM cy npM oflHocy MeTajia npeMa

^MraHfly oa 1 : 10 flo 1 : 2000. HajBepoBaTHnjH cacTaB KOMnjieKca H3Hafl oflHOca

najiaflHjyMa npeina aqeraTHOM jony 1 : 80 je /Pd/CHsCOOM2—; iteroB aHjoH-

ckm KapaKTep noTBpflmiH cmo ejieKTpo<pope30M, 6poj Be3aHnx jmraHfla no-

wohy JleaeHOBe Merofle, a KOHCTaHTy CTaBmmocTH va noTemn«>MeTpnjcKn

MepeHMx BpeflHocTM aKTHBMTeTa najiaflMjyM (II) -joHOBa Ha najiaflMjyMOBoj

ejICKTpOflM. KOHCTaHTa CTa6njIHOCTH OBOr KOMnJieKCa M3HOCH npMSjlHJKHO

1,2.101! npM jOHCKOj jaHMHM OKO 1 h pH 4.

y hctom ai;eTaTHOM ny<t>epy najiaflMjyM (II) — joHH flajy nojiaporpaepcKM

Tajiac, HMjM je nojiyrajiacHM noTeHU,wjaji Ha 0,22 V/ZKE. EjieKTpoflHH npou.ec

je upeBepcaH, a CTpyja flncpy3H0H0r KapaKTepa. Tajiac HMje nonecaH 3a nojia-

porpacpcKO 0flpel)MBaH>e najiaflwjyMa.

I—10.

O^PETdMBAHjE IIAJIAflO-JOHOBA nOTEHUMOMETPMJCKOM

TMTPAUMJOM HA 5KHBMHOJ EJIERTPOflM

B. BAJrAHfl h M. MMJIOBAHOB

TIpupodHo-MaTeMaTuvKu (paKyjneT, Eeoipad

Pa3JinKa y KOHCTaHTaMa CTa6miHoc™ najiaflo-aueTaTHor m nanaflo-EDTA

KOMnjieKca (10') OMOryhaBa aa ce y npwcycTBy Hg ejieKTpofle y aqeTaTHOM

peryjiaTopy, Kojw caflpjKM 10—*M Hg-EDTA c ycnexoiu THTpyjy najiajjo-joHM

pacTBopoM EDTA. noTeHUMOMeTpnjcKOM MeTOflOM je OflpebeHa npwoJiHJKHa

BpeaHOCT KOHCTaHTe CTaSHJiHocTM Pd-EDTA KOMnjieKca (10*8). TMTpauMje ce

Haj6ojbe M3B0Ae Ka«a je y pacTBopy oahoc nanaflo joHOBa npeina aueTaTHMM

joHOBMMa 1 : 80. XjiopuflM, HMTpHTH (h3 a30THe KHcejiMHe npw pacTBapaity Pd),

cyjKpaTH y Behoj KOHU.eHTpau.Mjw m aMOHnja«jHM johobh CMeTajy. OflpebHBaHe

cy KOJTMMMHe op, 10 no 50 mg naJiaflnjyMa m HaljeHO je 99,5 ± 0,3°/o Merajia.

ITpMMeHOM Hg ejieKTpofle H3BpuieHe cy y aueTaTHOM nycpepy noTeHn.no-

MeTpiijcKe TMTpaqMje TMorjiMKOjme Kuce^MHe pacTBopoM najiaaojniTpaTa hjih

nepxjiopaTa. Ckok noTeHu.nja.7ia oko TaHKe eKBHBajieHUMje je bpjio b&jihk.

OspebMBaHe cy kojihhuhc 03 0,5 flo 5 mg najiaflwjyMa h HafeeHO je 99,7 ± 0,9*/«

Meiajia.
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I—11.

MCIIMTMBAHjE yCJIOBA 3A KOHflyKTOMETPMJCKy

TMTPAUMjy BA3A y CKFRETHOJ KMCEJIMHM

B. J. BAJrAHfl H T. J. OACTOP

npupodHO-MareMaTUHKu (panyATer, Beoipad

y paAOBUMu HaBefleHMM y jiHTepaTypn omicana je caMO /iHpeKTHa koh-

AyKTOMeTpHjcKa THTpaqiija 6a3a y cwpheTHoj khccjihhh m MeTOfla peTMTpa-

u,nje y npwcycTBy aHXHflpwfla cnpheTHe KucejiHHe. 36or Tora cmo y obom paAy

McnwTajiM ycjiOBe 3a KOHflyKTOMeTpnjcKy THTpaijnjy 6a3a y HHCToj cnpheTHoj

KMcejiMHH Kao h y CMecH cupheTHe KMcejiMHe m n>eHor aHXHflpwaa flwpeKTHOM

TMTpaunjoM, MHBep3HOM THTpaqnjoM m MeTOflOM peTMTpainije. ITocjie^Hje ,aBe

MeTOfle «o5pe pe3yjiTaTe flajy h npw o«pehHBaH>y bpjio cna6Mx 6a3a y CMecM

cwpheTHe KHcejiMHe h H>eHor aHXMflpnaa. flnpeKTHOM TMTpau.njoM Bp.io cna-

6mx 6a3a y hhctoj cnphe™oj KMcejiMHH floBwBeHw cy npeHncKH pe3yjiTaTii,

a y CMecn pacTBapaia npeBMCOKM pe3yjiTaTn. HaheHO je, MehyTHM, «a ce nn-

peKTHOM THTpaLHljOM y HMCTOj CIipheTHOj KMCejlMHM MOry OflpeflMTM 11 OBe

6a3e, yKOJiHKO ce pacTBopy 6a3e npe TMTpaqHje ao;;a cjia6a KwcejiHHa y BeheM

BMiiiKy, Hnp. TpMXJiopcHpheTHa Knce.nnHa.

Taicohe cmo ncnMTHBajin yrvmaj y pacTBopy npwcyTHe BOfle h Behiix

KOJiMHHHa aHXMflpnfla cupheTHe KHcejiMHe, Kao m npupoae THTpaqwoHor cpea-

cTBa Ha oSjimk THTpau,MOHnx kpmbmx m Ha TaHHocT flo6nBeHwx pe3yjiTaTa.

1—12.

OflPE'BMBAIBE HEKMX MHCEKTMLtMAA KMHETMHKOM

METOflOM nPEKO BP3MHE XMflPOJIM3E

KOHAyKTOMETPMJCKMM IiyTEM

B. BAjrAHfl h M. "BEJIMHO-JiyKATEJIM

IlpupodHO-MaTeMaTWKU (pattyjiter, Beoipad

Ilpefljiasce ce npocTa h 6p3a KHHeTHHKa Merofla 3a OflpehnBatt>e DDVP

(0,0 flHMeTMJi 2,2 flMXJiop-BMHMJi-<l3oc4)aTa) y BOfleHOM pacTBopy. PerHCTpyje

ce npoMeHa npoBOAJbHBOCTH y TOKy BpeiueHa m M3 flooMBeHe KpMBe trapany-

HaBa ce noneTHa KOHU.eHTpau.Mja DDVP y pacTBopy. McnwTHBaH je yTHuaj

TeMnepaType, 6a3Hoc™ pacTBopa h KOHu,eHTpauHje DDVP Ha oSjimk KpuBe.

II0Ka3a.no ce «a ce Haj6ojbn pe3yjiTaTH flo6MBajy Ka«a ce y3HMa CToerpyKH

BHiuaK NaOH y oflHocy Ha DDVP. BpeMe noTpe5HO 3a H3BoheH>e aHajiM3e

je oko 20 MHHyTa. OflpehHBane cy KOHueHTpaquje pacTBopa p,o 0,3 mg/ml ca

rpeuiKOM flo 5°/o.
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1—13.

EJIEKTPOXEMMJCKM IIPOUECM HA PABHOJ H KAnJbyROJ

^KMBMHOJ EJIEKTPOAM y CMCTEMMMA JOH METAJIA —

ACKOPEMHCKA KMCEJMHA

m. inyniM-R « jb. pajkobwr

<J»U3UHK0iejitujCKM 3aeod — TIpupodHOMaTeMaTUHKU <J>oKyjireT

y Eeozpady u Mhctutijt 3a XeMujcKa, TexHOAOwna u Afera/iypuMca

McTpaomi8aH>a y Eeozpady

MeTOflOM nojiaporpacjawje m xpoHonoTeHijHOMeTpnje McnMTHBaHM cy Me-

xaHM3MH ejieKTp)OflHMX peaicmija y cucTeinnMa joH MeTajia-acKopSnHCKa Kiice-

jiHHa ripn penyKUftjn MeraJia Ha paBHoj m Kanjbyhoj jkmbhhoj ejieKTpoflH.

McnwTaHa je peBep3n6miHOCT, o«hocho CTeneH npeBep3H6njiHOCTn ejieK-

TpoflHMx peaKqnja npeKO KapaKTepHCTHHHor napaMeTpa a, m ojipeheHa je

KOHCTaHTa 6p3MHe xeTeporeHor npoijeca k°.

rionaporpacpcKa Mepeit>a cy, y nojeflMHMM cjiynajeBMMa, noKa3ajia yne-

iuhe opraHCKor jiwraH^a m OH-rpyne y ejieKTpoflHoj peaKi^njn.

XpoHonoTeHUMOMerpHjcKHM MepeibeM je yrapbeHO nocTOjaH>e flHpeKTHe

peflyKUHje KOMnjieKca 6e3 npeTXOflHe flHcouHjaunje, nan m y cnynajeBHMa

Kafla KOHcraHTa cra6tuiHOCTM KOMnjieKca wua pejiaTHBHO Hwcxy BpeflHOCT.

Oflpe^eHe cy 6p3HHe flHCou.Hjau.Hje h acouHjaunje KOMnjieKca, fle6jtMHa

peaKUMOHor cnoja m flM(py3HOHM KoecfrHUHjeHTH joHa.

1—14.

OflPE'BMBAIfcE TMTAHA y PACTBOPMMA XMAPOXMHOHA

G. EL INANI h C. BECEJIMHOBWR

IJpupodHO-jt,aTeMaTUHKU cpanyATeT, Beozpad u MncTUTyT 3a xeMujcxa,

rexHOAoruKa u MerajtyptuKa ucrpaxueatba, Beozpad

TnTaH Moxe fla ce oapebyje nojiaporpac£>CKH y pacTBopwina xHflpoxnHOHa

Kojn caflpwe 0,1 M HjSCX IIoJiaporpatjKKa h cneKTpo<t»oTOMeTpnjcKa Mcnw-

THBafta noKa3ajia cy fla THTaH ca xhapoxhhohom flaje BMiue BpcTa KOMnjieKca.

Job-OBOM MeTOflOM yTBpbeHo je nocTojafte KOMnjieKca ca oahocom Ti : HjQ =

= 1:1, 1:2 m 2:1. IIojiaporpacbcKOM MeTOflOM oflpebeH je oflHoc KOHCTaHTH

CTa6njiHOCTM npBor h flpyror KOMnjieKca npeiua oflroBapajyhHM KOMnjieKCMMa

rpoBajieHTHor THTaHa, 5,75.10* m 1,8.10s.
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1—15.

nOJIAPOrPA<UCKO IIOHAIIIAPfcE EEPMJIMjyMA

M. JOBAHOBIT& K B. PEKAJIJTB.

TexHOJiowKO-MeTaAypuiKu tpaKyArer, Eeotpad

McnMTaHO je nojiaporpacpcico noHamasbe SepMJiwjyM-joHa 6e3 m y npn-

cycTBy 0Kcajinji-flHxnflpa3Hfla. Kao ochobhm ejieKTpo.iMTH ynoTpe6jbeHH cy

KajIMjyM-XJIOpHfl, JIHTMjyM-XJIOpMfl MJIH TeTpaeTHJiaMOHHjyM-jOflHfl.

BepMJinjyM flaje iron pH 4,0 flo 4,2 y KajiHjyin mjim jiHTHjyM-xjiopiifly,

flBOCTpyKM Tajiac ca nojiyTajiacHMM noTeHqujajiiiMa oko -1,7 h -1,9 V npeina

3.K.E. BwcHHa oBor Tajiaca je nponopmioHajma KOHu,eHTpau.njn BepmiHjyM-

-joHa. y TeTpaeTMJi-aMOHnjyM-joflHfly npH mctom pH, 6epnjinjyM flaje jeflan

Tajiac, HHjn je nojiyTajiacmi noTeHUHjaji oko -1,8 V npeiwa 3.K.E. IIpn pH

ncnofl 4, obhm TajiacMMa lipeTxoflu boaohhkob Tajiac.

OKcajinji-flHXMflpa3Mfl flaje y npwcycTBy 6epminjyM-joHa npw pH 4,0 flo

4,2 flBa ranaca, npw neMy je BKCMHa npBor Tajiaca nponopu,noHajiHa KomjeH-

TpaqnjM 6epwinjyM-joHa. IIoJiyTajiacHH noTeHUHjaji m3hocm -1,45 flo -1,60 V

npeMa 3.K.E., 3aBMCHO ofl ocnoBHor ejieKTpojiMTa.

1—16.

nPMMEHA HEMHEPTHMX EJIEKTPOflHMX IIAPOBA 3A

OflPE'BMBAIfcE OPrAHCKMX EA3A M KMCEJIMHA

y HEBOflEHMM PACTBOPMMA

M. JOBAHOBWR, F. F. GAAL h JL EJEJIHUA.

TexHOAOUiKO-MeraAyptuKU (paKyATer, Eeozpad u TIpupodHO-MareMaTUHKU

(paKyArer, Hoeu Cad

Moho m nojiMKapSoHCKe KwcejiMHe cy oflpebwBaHe nojeflHHaiHO H y

cineiiiM y pacTBapany 6eH30Ji-MeTaHOJi (3 : 1) THTpain/ijOM MeTaHOjnoni pacTBO-

poM KajiMjyM-xMflpoKCMfla npMMeHOM nojiapn30Bamix u nenojiapiraoBaHHX hh-

AMKaTopcKHX napoBa 6n3MyT-6n3MyT m aHTHMOH-aHTHMOH OflpebMBaHe cy

kojihhhhc ofl 13,5 flo 25,0 mg KHcejinHa ca npoceHHMM oflCTynaiteM MaibMM

ofl 0,6%.

Taitohe cy npwueHOM mctmx MeTOfla OflpehMBami Tepu,njapHM aMtooi

h cojih opraHCKMX KMcejiMHa y aHXMflpwfly CMpheTHe KHcejiHHe Koja caflpxcn

5°/o cnpheTHe KwcejiMHe, TMTpauHjoM ca 0,1 N HCIO4 y CMpheTHoj KHcenMHH.

OflpebMBaHe cy KOJiHHHHe Ofl 13,5 flo 40,2 mg 6a3a ca npoceHHHM OflCTynan>eM

MaftMM ofl 0,3°/o.

Pe3yjiTaTn ,io6MBeHM Ha oBaj HanMH bpjio flo6po ce cjiaxy ca pe3yjrra-

TMMa, KojM cy floSMBeHH noTeHqwoMeTpujcKOM n KaTaJWTHHKOM TepMOMeTpwj-

ckom THTpaqnjoM, Kao m 6naMnepoMeTpHjcKOM TMTpauHjOM y3 ynoTpe6y nojia-

pM30BaHMx aHTMMOHOBHX ejieKTpofla no BajraHfly m IlacTopy.
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1—17

TAJI02KH0 TMTPMMETPMJCKO O^PE'BMBAHjE CYJIOATA

nPMMEHOM MH^MKATOPCKOr CMCTEMA BM3MyT0BMX

EJIEKTPOflA

M. C. JOBAHOBMTi, F. F. GAAL k JL J. BJEJUUQA

TlpupodHO-MaTeMaTWKU (paicyATeT, Hoeu Cad u TexHOAOWKO-MeraAypuiKii

(paKyATeT, Beozpad

Baudisch m capaflHHijH onMcajiw cy TajioscHo 0flpebnBaH>e cyjidpaTa th-

TpaqujoM ca cmccom 6apHjyM m ojiobo HMTpaTa ripn neiuy y 3aBpuiHoj TaiKH,

HeyTpaJiaH pacTBop nocTaje KMcenjijH 3a HeKOJiHKO pH iefliiHm;a. OBfle je 3a

oflpebuBaite 3aBpiiiHe TanKe TMTpamije nprnneaeH Haul Beh paHMje onucaH

MHflHKaTopcKH CMCTeM nojiapn30BaHiix 6n3MyTOBMX ejieKTpofla. Chctcm je no-

Ka3ao flOBOJbHy oceTJiaMBOCT aa y 3aBpuiH0j TanKH noKawe MHCpJieKcnjy Ha

TMTpai^MOHoj KpMBoj a 36or CBOje HMCKe ueHe m MexaHMHKe otiiophoctm Ha-

poHMTO je noroflaH 3a pyTMHCKe aHajiH3e. flo6njeHM pe3yjiTaTM cy y ncvrnyHoj

carjiacHOCTM ca pe3yjiTaTHMa flo6njeHHM noTeHijHOMeTpHjcKOM THTpaunjoM.

1—18.

HOBA MHflHPEKTHA OflPE'BUBAIfcA XJIOPMflA

XMflPOKCMJIAMMHA

b. BynypoHHK h m. a jobahobm-r

TexHOAOtuKO-MeraAypiuKu 0OKyjiTer, Beozpad

Tokom pamije caomirreHHX HcnnTMBaH,a pa3paanjin cmo HHHwpeKTHe

vierone 0flpebHBaH>a cojim xnflpoKcnnaMWHa, 6a3wpaHe Ha HeyTpajiw3au.MOHot

TMTpauwjH npoTOHa H>HXOBe coHe KOMnoHeHTe. Tom npmniKOM 6mjim cy oroi-

caHM nocTyim,H KJiaci-iHHor n KyjiOMeTpnjcKor fl03npaH>a THTpaHTa y3 noTeH-

MMOMerpujcKO, CHaMnepoMeTpnjcKO m KOHflyKTOMeTpHjcico 0Ape^MBaH.e 3aBp-

uiHe TaHKe. OBora nyTa, OBaj je npoTOH oflpebwBaH npwweHOM HHflmcaTopcKor

CHCTenia Hencwiapn30BaHMx 6ii3MyTOBnx ejieKTpofla m ocu,mioMeTpnjcKOM tm-

TpaunjoM. Ilopefl Tora, aHjOHCKa KOMnoHeHTa cojim oapebiiBaHa je apreHTO-

MeTpwjcKOM TMTpaqMjoM npHMeHOM noTeHmioMeTpwjcKe, aMneponieTpiijcKe,

KOHsyxTOMeTpHjcKe w ocu;MJioMeTpMjcKe TexHHKe, npH MeMy cy nocTHrHyrn

bpjio ao6pH pe3yjiTaTM.
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1—19.

nPMMEHA ^EnOJIAPM3AD;MOHE METOflE 3ABPUIHE

TAHKE 3A OAPETMBAPbE XJIOPM^A M JOAMflA Y CMECM

M. flPArOJEBUR m M. JOBAHOBMH

TexHOAOiuKO-jneraAyprnKU (paKyATer, Beozpad

^enojiapM3aunoHa MeTOfla 3aBpuiHe TanKe, pa3pal>eHa oa Hac joui pa-

HMje, ycneuiHO je npuMeiteHa y3 ynoTpeSy njiaTMHe Kao HHflWKaTopcKe ejieic-

Tpofle 3a apreHTOMeTpMjcKO oflpel)MBaH>e cMece joflMfla m xjiopuaa. fla 6m

njiaTMHCKa eJieKTpoaa 5mia oceTJbHBa hh npoMeHe KOHueHTpau,nje joHa

cpe6pa, noTpe6HO je fla 6yae KaTOflHO npe-TpempaHa npeTxoflHOM ejieKTpo-

jim30m y cyMnopHoj kmccjimhm. IIoiiito ce EMC cnpera njiaTHHa/3KE M36a-

jiaHcnpa npe THTpau,nje cnojbHOM EMC, joflHfl ce TMTpyje flo nojaBe npBor

CTpyjHor CKOKa. Ilocjie oBora, EMC oBa #Ba cnpera ce noHOBO M36ajiaHCMpajy

m ca^a xjiopwfl TMTpyje ao noHOBHor CTpyjHor CKOKa. Pe3yjiTaTH flo6njeHn

KaKo TMTpaunjoM y BoaeHOM, TaKo m y ai;eTOHCKOM pacTBopy y carjiacHOCTM

cy ca noTeHi;HOMeTpHjcKOM MeTOflOM.

1—20.

nPMMEHA MH^MKATOPCKOr CMCTEMA HEIIOJIAPM30BA-

HMX nJIATMHCKMX EJIEKTPOflA KOR PEflOKC

TMTPAHMJA

M. C. JOBAHOBMH, M. flPArOJEBWB. m B. ByHyPOBWR.

TexHOAOuiKO-jteTajiypuiKU (paKyjirer, Beozpad

IlpeMa jiMTepaTypHHM noflauHMa, aHO^HO nojiapn30Bana njiaTMHa npe-

3Jiann ce cpHJiMOM oflroBapajyher OKCM^a. Hauia je Mfleja 6njia fla OBaKO npe-

-TpeTwpaHy unaTHHy BesceMo npeKo ocewbMBor raJiBaHOMeTpa ca KaTOflHO

npe-TpeTwpaHOM miaTWHOM m OBaj rajiBaHCKH cnper npHiweHMMO Kao HHflMKa-

TopcKM cwcTeM. McnnTBaK.a cy noKa3ajia p,a OBaKaB chctcm noKa3yje e.neK-

TpOMOTOpHy aKTMBHOCT y paCTBOpy MpeBepCHOr CMCTeMa, flOK aKTMBHOCTM

cnpera Heiaa y pacTBopy peBepcHor CMCTeMa. Ilopefl Tora, KpaTKOTpajHa ejieK-

TpoMOTopHa aKTMBHOCT cnpera noKa3MBajia ce m y MOMeHTy, Kafla je jeflaH

peBepcHM CMCTeM 3aMeH>eH flpyrMM Kojw MMa no3MTMBHMjy BpeflHOCT peaoKc

noTeHUMjajia. Ha OBaj HaiHH, Ha ocHOBy HacTamta mjim npecTaHKa CTpyje

y 'jaispuinoj TanKM THTpoBaH je jofl TMocyjicpaTOM m oSpaTHo, a nope/; Tora

oflpebMBaHe cy m cojim xMflpoKCHJiaMHHa.
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1—21.

KyJIOMETPMJCKA TMTPAUMJA CMECE AJIMc&ATMHHMX

M APOMATMHHMX AMMHA y AUETOrMTPMJiy

B. BAJrAIiH, P. MMXAJJIOBMTi w M. PAKOHEBWR

npupodno-MareMaTUHKu tpaKynrer, Beozpad

<t>uA030&cKu. (paKyATer, IlpuvumiHa

KopncTehn ce flHcpepeHu.npajyhnM cbojctbom aueTOHHTpmia, oapebeHa

je KyjioMeTpMjcKOM TMTpaqHjOM ciaeca ajiHcpaTHHHor m apoviaTOHHor aMMHa

y hctoj npoSM. Ilpe KyjiOMeTpnjcKe TMTpamije aMMHa noTpe6HO je H3BpmiiTii

nperxoflHy TMTpaqwjy ocHOBHor ejietcTpoJiHTa (cjiena npo6a) y npMcycTBy

eo3MHa, TMTpyjyhM ra flo MoiueHTa Kafla ce najOpxte \iciba ancop6anLuija pa-

CTBopa. 3aTHM ce no flOflaTKy CMece TMTpyje ajn-icpaTHHHH auHH flo were npo-

MeHe 6oje; nocjie aoflaTKa KpHCTajiBHOJieTa mctom pacTBopy, HaeraBJba ce

Ky^oMeTpMjcKa THTpau.nja m oflpebyje ce apoMaTHHHH aMHH.

OapebwBaHe cy kojimhmhc op hckojimko mg cyncTaHU,e. TpeuiKe He npe-

Jia3e l°/o no KOMnoneHTy.

Moryhe cy KyjioMeTpwjcKe THTpau,nje h TpoKOMnoHeHTHHX cucTeMa (Hnp.

TpneTMJiaMMH + 6yTnjiaMMH + amuiHH), nojn caapste npmuapHe mjim ceicyH-

AapHe aMHHe. y tom cjiynajy ce y 3ace6Hoj npo6n H3BpniM au.eTnnoBaH>e npn-

MupHor hjih ceityHflapHor aMHHa m noTOM bpuim KyjioiueTpHjcKa THTpau,nja,

a y APyroj npo6n nocTyna ce Ha rope onucaHM Hannn. TpeiiiKa no KOMnoHemii

He npejia3M 1 no 1,5° 'o.

1—22.

nPMMEHA ^McUEPEHUMJAJIHMX TEXHMKA

y KATAJIMTMHKO TEPMOMETPMJCKMM TMTPAUMJAMA

B. BAjrAHA m F. F. GAAL

npupodHO-jnareMaTUHKu cpaicyATeT, ywueepaurer y Beozpady, IIpupodHO-

-MxiTeMaTUHKV, (fiaKyArer, ywu8cp3UTer y Hobom Cady u MucTUTyr

3a xeMujy, rexnoAozujy u MeraAypzujy, Beozpad

npMMeHOM flMCpepeHqi-ijajiHe TepMOMeTpwjcKe TexHHKe KaTajiMTHHKe Tep-

MOMeTpMjcKe TMTpaqwje cy 3HaTHO ynpouiheHe. Bennica oce-rjbHBOCT oflpebn-

Bafta 3aBpuiHe TaHKe THTpau,nje KaTaJiHTHHKO TepMOMeTpMjcKMM nyTeM omo-

ryhmia je THTpau.nje ca KyjioMeTpwjcKHM reHepncaH>eM TMTpaqMOHor cpeflCTBa.

HaKOH pa3pafle Ky^oMeTpnjcKHX au.tiAO-6a3HHX KaTajiHTMHKHX TepMOMeTpHj-

ckhx THTpau.nja y HeBOfleHMM cpeflMHaina ca reHepncaH>eM THrpau.noHor cpea-

CTBa y caMOM TMTpoBaHOM pacTBopy pa3pabeHe cy HOBe KaTanHTHHKe TepMO-

MeTpMjcKe TMTpauHje — aunflo-6a3He y HeBoneHHM cpegHHaMa h TanowHe

TiiTpauMje y boachhm cpe^HHaMa — ca cnojba reHepwcaHHM TMTpau,HOHHM

cpeacTBOM.
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y obom paay cy onucaHe hobc KaTajiMramce munKaTopcKe peauuHje 3a

OApei)HBaH>e 6a3a y aHxuRpupy CMpherae KHcejiirae, 38tmm oapebuBatte cpe6pa

h jKMBe ca KyjioMeTpMjcKM reHepMcaHMM joflHflHMa, Kao m naurw HajHOBHjii pe-

3yjixaTM ncTpa?KMBaH>a y oboj o6jiacTM.

1—23.

oflpet>mbah>e 2kmbe katajimtmhko iiotehijmometppij-

ckom tmtpaijpijom

B. BAJrAHA ra A. CTOJAHOBHTi

IIpwpodHO-MaTeMaTUHKV. 0aKyATer, Beozpad, MncruryT 30 npujueuy

Kyxjieopne enepzuje y noAonpuepedu, eerepuHapcray u vxyMapcrey

(MHETI), 3eMyn

3a OflpebnBaH>e Hg!+ KopnmheHa je peai«;nja H3Meby KajiwjyM-jOHHwa

h BOflOHMK nepoKCMfla y KMcejioj cpeflHHH, Koja ce KaTajiH3yje y npncycrBy

MHKpOKOJIHHMHa MOJiiiGaena.

Ka.na ce pacTBop Kojn cappxvt Hg2+ TWTpyje KajiwjyM joflHflOM npusje-

H>yjyhn KJiacMHHy noTeHU,noMeTpnjcKy TMTpaqHjy, noTeimMjaji ona^a y tokv

nejie TMTpauMje, a Hajjane y saBpuiHoj TMTpaqMOHoj TaHKM.

MebyTHM, aKo ce Kiicejiw pacTBop Hgl+ (KOMe ce npeTxoflHO HOjxa BOflo-

hiik nepoKCMfl m MOJiH6^aT) THTpyje KajiHjyM joanflOM, oHfla y TOKy TMTpauMje

noTeHu.nja.ji jiaraHO onafla 3aBpmKe TMTpaqwoHe Tanne, a 3aTHM Harjio

pacTe. IIopacT noTemj,Hjajia m3hocm m npeKo 100 mV.

OflpebHBatie cy kojihhhhc oh 20 «o 60 mg xcHBe. TaHHOCT npeflJioxeHe

MeTOfle jeflnana je TanHOCTH floSMBeHoj noTeHU,HOMeTpMjcKOM TMTpau.HjoM.

1—24.

MHTEPcUEPOMETPMJCKO H KOHflyKTOMETPMJCKO

OAPETaMBAHsE HEKMX CMECA KMHETMHKOM METOflOM

B. BAjrAHfl m T. TOflOPOBCKH

npupodHO-MareMarunKu cfiaKyATer, Beozpad, MncTUTyr 3a xejtujcKa,

TexHo.ioiuKa u MeraJiypuiKa. ucTpaoKuaatba, Eeozpad

u Texno.ioMKU (fiaKyATer, CKonje

MHTepepepoMeTpMjcKMM nyTeM Mowe ce npaTMTH 6p3MHa xeMHjcKe peax-

qwje 6nHapHnx CMeca vt npMMeHOM oflroBapajyhnx MeTOfla o6pa«e flo6wBeHHx

noflaTaKa oflpeflKTM h>hxob cacTaB. y obom pany npaheHa je 6p3MHa peaKU,njc

aHXHflpHfla cwpheTHe, ojn*. nponMOHCKe KuceJiMHe m h>hxobhx CMeca ca bo^om

Ha TeMnepaTypn op, 61,0 + 0,1°C. AflanTau,MjoM KMBeTe HHTepdpepoMeTpa 6iijio

je OMOryheHO HHTeH3HBHO Meuiaite pacTBopa npH HCTOBpeMeHOM xepMeTHi-

hom 3aTBapan.y McnHTMBaHor ciicTeMa.
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PaflH ynopebeita, pa3paflmiH cmo m KOHflyKTOMeTpiijcKy MeTOfly Sa HMCTe

cyncTamie m ibMxoBe CMece, BpiuehM MepeHba npw iicroj TeinnepaTypw. npw

cbhm HcnMTHBaitHMa noneTHa KOHijeHTpau,nja aHXHflpwaa y pacTBopy 6i«ia

je 10->M.

MHTepci)epoMeTpiijcKOM TexHMKOM cacraB CMece ce iioste oppepwrH ca

npoceHHOM rpeuncoM op + 3,5°/o (anc), a KOHflyKTOMeTpwjcKOM tcxhmkom

± 3,6*/o.

OflpebuBaite CMece KeTOHa npeKO peaitpuje c XMflpoKCHJiaMHHXJiopxH-

ApaTOM MHTepctsepoMeTpiijcKOM TexHMKOM MOJKe ce BpuiHTM y CMecaiia oape-

berofx cacTaBa, a KOHflyKTOMeTpujCKOM TexHMKOM npw cbhm OflHOCHMa. Tano

cMeca aqeTocfceHOHa h M3o6yTMjiMeTHJiKeTOHa oapebeHa je Ha 22,0°C y CMecaMa

Koje caflpste 30 po 70°/o ai;eTocpeHOHa c npoceHHOM rpemKOM op ± l,4°/o.

1—25.

MHTEP*EPOMETPMJCKO-BOJiyMETPMJCKO

OflPETiUBAHjE yrJBEH-flMOKCMflA

T. TOflOPOBCKH, Jb. KELpCAPOBCKA, JI. UIODTPAJAHOBA

K M. CnKPEBCKA

TexHOJiowKO-MeTdJiypuiKu (paKyATer, CKonje

HHTep4>epoMeTpnjcKO-BOjiyMeTpMjcKO oflpebHBaite COs 3acHMBa ce Ha

H>eroBOM yBobeay y cTaHflapflHM pacTBop Ba/OH/s, Kojn ce y3HMa y BMiuKy,

m Ha TMTpauHjM BMiiiKa 6a3e cTaHflap^HMM pacTBopoM coHe KucejiHHe.

JIa6opaTopMjcKn MHTepc£>epoMeTap Tpe6a rrpeTxoflHO pa ce aaannipa 3a

M3BobeH>e TMTpaqHja npeMa onucy flaTOM y HjiaHKy „MHTepcpepoMeTpiijcKe Ta-

JiowHe THTpau,nje" (rjiacmiK xeM. apyuiTBa Eeorpafl, 34, 261 (1969)). THTpau,wje

cy jOBobeHe u3Ban KMBeTe wHTepq^epoMeTpa y cyay Kojw je ' 3aiirrnheH op

aTMOC(J)epcKor COi. PacTBop y khbctm je 6ho TepMOCTanipaH Ha 22,0 ± 0,1°C.

3a ynopebeH>e je ynoTpeGjbeH pacTBop NaCl npn6jiM3KHO Mcror HHjjeKca npe-

jiaMaH>a Kao w HcnHTHBaHM pacTBop. IIocTynaK je 6ho pa3pabeH Ha npnnpeM-

jbeHHM BeiiiTaHKMM CMecaMa Koje cy caapjKaBajie 0,7 po 9,5 vol'/o COs, noMe-

iuaHe a30T0M. Tac je yBe^eH y 0,08 N pacTBop Ba/OH/2, a BwuiaK TMTOBaH

0,3 N cohom KHcejiHHOM. HarpabeHH TaJior BaCOs HMje CMeTao, jep je 6ho

oflCTpaH>eH H3 ajMKBOTa npujiHKOM yBobeH.a y KMBeTy MHTep<J>epoMeTpa. IIo-

CTojM MoryhHOCT m 0flpebHBaH.a CO2 wcnofl 0,7 vol°/o, kojom npmiHKOM Tpe6a

ynoTpeCMTO pacTBope Kojw cy 3 nyTa pa36jiaHceHnjn, a raTpainija ce mohci"!

M3B0flMTM flwpeKTHO y KMBeTM mrrepepepoMeTpa.

^o6nBeHe pe3yjiTaTe ynopeflmm cmo c BpeflHOCTMMa aoShbchmm 6e3 th-

Tpaqwje, flMpeKTHHM MHTepoJ>epoMeTpHjcKHM o#pet)HBaH>eM HHfleicca npejia-

MaH>a 3a HaBefleHe CMece. Pa3JiMKe H3Hoce y npoceicy 0,1 °/oanc. Merofla oape-

b"Batba Ha 6a3n KaJiiiOpannone KpuBe (6e3 THTpau,nje) je 6p»ca, ajiw 3axTeBa

npeuM3H0 npwnpeMaibe racHiix CMeca, ihto jowcKyje flocTa BpeMeHa; npea-

jieacHa TMTpauMOHa MeTOfla je npocTMja, jep ce npnMeK>yjy CTaHflapflHii pa-

ctboph KojM ce naKo npHnpeMajy, a TMTpaa.nja je 6p3a h TanHa. Ochm Tora,

OHa je m cejieKTHBHMja, jep npw 0flpebwBaH>y COs npeKO Kajiw6pai;HOHe KpHBe

eBeHTyanHo npwcyTHH flpyrn racoBM 3HaTHO yTHMy Ha TanHOCT, pok cy ohm

Kop npefljioateHe MeTo^e npaKTHMHO 6e3 yTHijaja.
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1—26.

AHAJIMTMHKA KOHTPOJIA CMHTE3E nMPMflOKCMHA

(BMTAMMHA B.)

J. LIPTAK m ULLRICH E.

McTpaxuaanKu Mhctutvt 3a (f>apM.av,uyTCKy xeMujy, Budapest

Pa3pabeHe cy HOBe MeTOfle m KOM6nnoBane cy ca nocrojehnM MeTo^aMa

y unjby KOHTpoJie npon3BOflH>e ruipiiAOKCMHa.

noane npBor cTymta cnHTe3e, MeTOKCuaijeTaT je 6mo oapebeH racHOM

xpoMaTorpacpMjoM y ripncycTBy Menui-xjiopai^eTaTa. UiiK.TinaunjoM ce ao6nBa

2-MeTMJi-4-MeTOKCiiMeTMJi-5-unjaHoniipMflOH-6, Kojn je 6no iiaeHTucpMKOBaH

TaHKOcJiojHOM xpoiuaTorpacpMjoin h o,zipebeH (pjiyopecueHTHOM MeTOflOM y UV

o6jiacTM. 3aTHM ce ao6nBeHM npoHSBOA HiiTpyje ii HHTpoflepuBaT ospebyje

noJiaporpacpcKUM nyTeM y HsSO<. McminiBHHo je ncuiaporpacpcKo noHaiuaite

je^iiH>eH>a Kao m yTrnjajw pa3Hiix cyneniTyeHaTa Kojn nHxiiSnpajy peAyKunjy.

XMAporeHM3aqiijoM HMTpoaepiiBaTa ce npn cMHTe3ii flo6nBa aMMHOMeTHJiflepn-

BaT, ajw ce Kao cnopeflHn npoinBoa cTBapa m hmtphji. Ojhoc o6a jeniivbeibn

OAPel>eH je HHTpHTOMeTpujcKOM TllTpaUHjOM Ca nOTeHUHOMeTpiljCKOM MHAHKa-

mijoM 3aBpmHe TMTpamioHe TaMKe. Ilocjie npeBoben,a Ao6nBenor aniHHa y ah-

XHflpoKCHeTapcKM npon3BOfl, osaj ce K0HaeH3yje ca 2.6-flnxjiopxnHOHXJiopn-

MMflOM m oflpebyje cneKTpocpoTOMeTpnjcKH Ha 650 rati.

OApebnBan.e KOHaHHor npon3BOfla (niipiiAOKCiina) o6hhho ce cpmn th-

TpaunjoM y rjiauiijajiHoj cnpheTiioj khccjimhm, nepxjiopHOM khccjiiihom. Me-

byTMM, aa 6m ce H36ei\ne CMeTH>e oa npeTxoamix npomBoaa, pa3pabeHa je

HOBa, ceneKTMBHa MeTOfla, Koja ce 3acmiBa Ha OApebwBan.y ono6oAHe xwflpoK-

cmiHe rpyne; obo je nocTMrnyro KOMnjieKcnpan>e.M n;ipn yKcnHa Ha pH 7 y 6o-

paTHOM nycpepy m Mepette.M a6cop6aHqiije 6opaTHor KOMn.ieKca.

rioUITO flHXMflpOKCMeTapCKM Meb.VnpOH3BOfl MMa aUTUBJITaMHHCKO flejCTBO,

noTpe6HO je KOHTpojiwcaTM xeiunjcKy m (papMaueyrcKy mhctoHv KpajH>er npoii-

3Boaa. OaBajaibe je BpuieHo TaHKocjiojHOM xpoMaTorpacpnjoM, a jeflHH>eH»a cy

;ioKa3aHa 2,6-Anx.nopxnHon-xjiopMMMflOM.

1—27.

O^PETdMBAHjE yrjLEHMKA M BOflOHMKA y OPrAHCKMM

CynCTAHU,AMA KOJE CA^P^E <t>JiyOP. II

M. TOHKOBM'B m III. MECAPWR

MncTUTyr „Pyt)ep BoiukobmH", 3azpe6

McnuTHBaHO je 3aflP«aBatt>e cpjiyopa m cnjinmiyM TeTpacpjiyopnfla Kojn

c.MeTajy rpaBMMeTpi-ijcKOM MMKpooflpebnBaH>y yrjtenHKa h BOflOHiiKa y cno-

jeBMMa Kojn caflpace cpjiyop.

Pe3yjiTaTH ncTpa3KMBan.a noKa3yjy fla MOJieKyjicKa CMTa (Na-Al-cmin-

KaTH) BejiHHHHe nopa 3 m 5 A m ajiyMMHwyM tphokcha pa3Hor nopnjeKJia

KBaHTHTaTMBHO 3aap}KaBajy CBe npoflyKTe nnpoJiM3e kojh ca^pjKe cpjiyop.
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Kao KaTajiM3aTop oKCHAamije ynoTpe6jbeH je npoflyKT TepMMHKor pa-

cna/ia cpe6pHor nepMaHraHaTa. Oflpe^eHH cy Kanau,HTeTH m onraMajiHe TeM-

nepaType Be3aita cpjiyopnflHMx cnojeBa.

KBAHTMTATMBHO OflPEToMBAIfcE FesCfc y nAPA M flMAMAr-

HETMHHMM MATEPMJAJIMMA — MArHETCKOM BArOM

A. MAPKOTHTi

TexHO.iow.Ku (paKyATer CaeymuiuiuTa y 3<«pe6i/, MeraJiypuiKii odjea, Cucwk

3a KBaHTMTaTMBHo Oflpe^MBaibe MaraeTMTa y CMjecw ca napa h flMaMar-

HeTMMHUM TBapwua, MCKopwiiiTeHa je cnei;n(pMHHa HaMarHeTH3HpaH0CT 3acn-

heifca MarHeTHTa ts, Koja He obhcm o« CTpyKTypHwx cpaKTopa m Hajia3H ce

y ynpaBHOj Be3M ca TescuHCKOM KOHneHTpaqujoM Fes04.

OflpebMBafte HaMarHeTH3npaHoc™, a 3aTMM KOHueHTpauMje Fes04, y ko-

HaHHOM pawyHy, CBeaeHO je Ha MjepeH,e cmie npHBJianeiba CMjece y Hexo-

MoreHOM MarHeTCKOM nojty — TejKMHCKOM MeroflOM.

M3 Tor pa3.iora, 3a op.y iweTOfly oflpebHBaita kohu,. FesOj, Koja ce 3anpaBo

cboam Ha Mjepeae cmie npHBJiaHeifea y3opKa y MarHeTCKOM nojty, o6pa3yje

ce HexoinoreHO MarHeTCKo nojbe.

CBa oflpebMBafta Koja cmo noMeHyjiH, Bpiue ce Ha aHajinTOHKOj Barn,

Koja je 3a OBy CBpxy HeiiiTo MOflMcpunnpaHa.

MeTOfla OApe))HBaH>a Fe:iC>4 MarHeTCKOM BaroM y cMjecM cy napa w fliia-

MarHeTHHHMM TBapuMa, anyjKHjia je y Hatuwin noKycHMa 3a oflpebHBaita koh-

qeHTpauMje FesOi y cHHTepiiiwa. KaKO je FesO* y HBpcroj Kopejiau,woHoj Be3M

ca FeO, OMoryheHo je npahen>e MexaHMHKiix oco6MHa CMHTepa (HBpcToha).

IIpeflHOCT MeTOfle. npc# xeMnjcKOM aHajiM30M, orjie^a ce y TOMe, uito koa

OApebiiBaH»a MarHeTHTa BaroM, He cMeTa HaM npiicyTHOCT hckhx jnejbe3HHx

cnojeBa (fajalit, spinel mjim wiistit).

1—29.

KEMMJCKO M EMOJIOIIIKO MCTPA2KMBAIBE TAJIOrA

M BOflE no ASTM-y nPMMEH>EHO IIPMJIMKOM

yTBPT>MBAK>A CTynKbA ArPECMBHOCTM

MJIM IUTETHOCTM

B. rA3HBO.HA, L. PUTZ m B. CTMJIMHOBMTi

TexnoA.oxu.KU q^aKyxrer u npupodocwBHO-MareMaTUHKU (panyATeT,

CeeyHUAumTa y 3atpe6y

y obom pa«y npnKa3aHa je yrjiaBHOM onheHHTa cxeiwa KeMnjcKnx m 6ho-

jiolukhx iicTpawHBaiba no ASTM-y y cnynajy Ka^a je noTpe6HO oflpeaimi

y3poK h Be^HHHHy arpecHBHocTM hjih ujTeTHOCTH BOfleHMX oTonHHa m HacJiara.
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flaHe cy fle<t>KHimiije 3a Hacjiare CTBopeHe y boah hjih HaHecemix bosom, Koje

ce nojaan>yjy y o6jimiy jbyiirrypa, styjba, kopo3hohkx nponyxaTa jmih Omojio-

iiikhx Hacjiara.

Ta6ejiapHM npnK33ii o6yxBahajy noflance o CTBapaH>y Tajiora npn pa-

3niiM TeMnepaTvpmiM m flpyruvt yBjeTHMa, cxeMe aHajnne Tajiora, noTpeSHe

BOJiyiieHe y3opaKa BOfle 3a nojeflime BpcTe oflpebMBaita, nocTynaK ripn i«eH-

TuepMKaipijM 6aKTepHja m ocTanHX MMKpoopramreaMa.

y 3aBpuieTKy pa^a je KOMnapaqwja wiaBmnc noiba m rpaHHHHa npMMjeHa

nojeflMHMx Merofla.



n. HEOPrAHCKA, OPrAHCKA H EHOXEMHJA

II—l.

CMHTE3A M OflPE'BMBAIfcE KOHOMryPAITMJE trans(NOi)-

-cis(N)-, trans(N02)-trans(N) w cis(N02)-cis(N)-M30MEPA

^MHMTPO-BIS(AMMHO-AD;MflATO)-

-KOEAJITAT(III)-JOHOBA

M. B. •REJIAII, C. M. HEIIDUTi, M. J. MAJIHHAP, T. J. JAHoMTx

m n. H. PAflMBOJIHA

npupodHO-Ma.TeAa.TWKU (paKyjiTer, Eeozpad u MncTUTyr 3a xeMujCKa,

TexnojiouiKo. u MeTaAypuiKa ucrpaxueatba, Eeozpad

y HauiMM paHMje o6jaBJbeHHM paAOBUMa onucajiii cmo fto6nBaH»e m Mcnu-

TMBaifce KOH<pHrypau,nje cis(NO2)-trans(N)-H30Mepa flHHMTpo-6nc-(aMWHO-au.H-

flaTo)-Ko6a^TaT(III)-KOMnjieKca. HacTaBJbajyhn OBa ncnnTHBaH>a nouijio HaM

je 3a pyKOM fla flejcTBOM oflroBapajyhe aMHHO-KwcejiMHe Ha xeKcaHHTpo-KO-

6ajiT(III)-joH flo cafla floCujeMo m cjieflehe H30Mepe flHHHTpo-bis(aMMHO-au.n,aa-

TO-Ko6ajiTaT(IIT)-joHOBa: transQiOi)-trans-(N)-yi30wiepe c ivihu,hhom, L-ajiarai-

hom m B-ajiaHHHOM; trans(N02)cis(N)-H30Mepe c tjihuhhom h L-ajiaHMHOM ii

cis(NO2)-cts(N)-M30Mep c rjinmiHOM.

trans-IIojiOHcaj HMTpo-rpyna y p,o6nBenxK H30MepnMa yTBp^eH je Ha

ocHOBy nojioxaja HMTpo-cneu.HcpnHHe TpaKe y 6jincKoj yjiTpa-jbySiinacTOj

o6jiacTn ejieKTpoHCKMx cneKTapa. OpnjeHTau.nja aMMHo-KHcejiMHCKMX Jinra-

Ha^a y trons(NOi)-M30MepnMa wcnMTaHa je TaKolje ejieKTpoHCKOM cneKTpo-

CKormjoM. IIpM TOMe je yTBpbeHO fla ce y cnynajy jeflHor jooniepa ancopn-

UMOHa Tpaxa y bmajbmbom flejiy cneKTpa, Koja noTHne ofl

Tig Aig

ejieKTpoHCKor npejia3a, pa3Jia%e. 36or Tora je npeTnocTaBJbeHO «a ce y obom

cnynajy jaBJta M3pa3MTa TpuroHajma flncTop3Mja npoy3poKOBaHa trans-nono-

acajeM khccohmkobhx aTOMa Kap6oKciuiHHx rpyna. Ha ocHOBy Tora obom H30-

Mepy npnnncaHa je transQi)-, a flpyroM n30Mepy cis(N)-KOH(pnrypau,Mja.

cis-IIoJioHcaj HMTpo-rpyna y floSMBeHOM H30Mepy flHHMTpo-flnr.nnu.HHaTO-

-Ko6ajiTaT(III)-joHa yrapbeH je TaKobe Ha ocHOBy noJio>Kaja HHTpo-cneu,H-

(pMMHe TpaKe y SjiHCKoj yjjTpa-jby6HHacT0j oSjiacra ejieKTpoHCKor cneKTpa,

a opujeHTamija tjimi^mhckmx jiHraHa^a PMR-cneKTpocKomijoM.

KoHcpHrypaipije aoShbchmx H30Mepa cy y carjiacHoc™ ca 6pojeM H30-

JIOBaHMX OIITMIKHX M30Mepa.

Haj3afl, npoynaBaHbeM HHCppa-upBeHnx cneKTapa floGHBeHMX M30Mepa

pa3MaTpaHa je h npupoaa Be3e n3Meby KoopflHHOBaHHX jinraHaaa h MeTaji-

Hor joHa.

3 33
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Ha Taj HanMH nomjio HaM je 3a pyKOM fla jraojryjeMO h OApeflKMO koh-

cpnrypau.nje HeTMpn o« neT TeopwjcKM Moryhnx reoMeTpiijcKMx H30iwepa jm-

HHTpo-bis(aMMHO-at(MflaTO-Ko6ajiTaT(III)-joHOBa.

II—2.

MCnMTMBAH>E CACTABA M CTABMJIHOCTM KOMIIJIEK-

CHMX JEflMBbEBbA y PACTBOPy Cu(II)-JOHOBA

M DL-CEPMHA

T. J. JAHbWR h L. B. PFENDT

npupodHO-MareMaTUHKU aSaKyjireT, Beozpad u MucTUTyr aa xeMujcna,

TexHOAOWKa u MercuiypwKa ucrpaxuearba, Beozpad

IIpii cneKTpoepoTOMeTpMjcKOM npoynaBaity paBHOTeaia y pacTBopy

Cu(H)-joHOBa m DL-cepMHa yTBp^eHO je aa ce y noMeHyroM CMCTeiay y pH-

-HHTepBajiy oh 2,8 ao 13,0 rpa^e hctmph KOMnjieKCHa jeflMHbeBba. Ha ocHOBy

noflaTaxa flo6nBeHnx cneKTpoepoTOMeTpMjcKOM m noTeHU,MOMeTpwjcKOM MeTO-

Aom oflpe^eHa je pacnoflejia obhx KOMnjieKca y pacTBopy y 3aBHCHOc™ on

pH-BpeflHOCTM. Job-OBOM MeTOflOM eKBMMOJiapHMx pacTBopa yTBp^eHO je fla

je oflHoc 6aKpa m ceproia y npBOM KOMiiJieKcy 1:1, a y flpyroM m hctbptom

1 : 2, flOK je y Tpeheia KOMnjieKcy, Ha ocHOBy flo6wBeHiix pe3yjiTaTa npeTno-

CTaBJfceHO fla Taj oflHoc Taicobe m3hocm 1 : 2.

Ha ocHOBy KOHu.eHTpau,nja nojeflMHHX KOMnoHeHaTa y pacTBopy, «o ko-

jMX ce flOJia3H M3 flHjarpaMa pacno^ejie Koiunjienca y pacTBopy u onuiTMX

CTexHOMeTpMjcKMx 3aKOHMT0CTn, M3panyHaTe cy paBHOTejKHe KOHCTaHTe no-

CTajaifca npBor (1), o^hocho npyror (2) KOMnjieKca:

Cu2+ + SerHf =f± CuSerH^-n^+ +nH+ (1

2 (2— 1>) »

CuSerH<2_,\)+ + SerH± — CuSer2Hr2-n~n')+ + n'H + (2)

(2-n) 2 " (4-n-n\> v

(CuSerH(2;n)+)

Ha ocHOBy 3aBMCHOCTH log !-r_i^— oahocho

(Cu2+)(SerH±)

(CuScr,Hl2-n;n')+)

log ——— Ofl pH-BpeflHOCTM HafeeHO je p.a 6poj

(CuSerH^+)(SerH±)

ocjio6obeHnx npoTOHa no MOJiy o6pa30BaHOr KOMnjieKca h3hoch y o6mm peaic-

u,njaMa no 1. Ha ocHOBy Tora 3aKjbyneH0 je «a ce DL-cepMH y o6a KO&cnjieirca

notiama Kao 6naeH;;aTHn jinraHfl, na npenia TOiue cacTaB npBor m apyror kom-

n.neKca ce Moace npwKa3aTM Ha oneaehH HanMH: CuSerH+, oahocho Cu(SerH) °.

napuwjajiHe cTexnoMeTpnjcKe KOHCTaHTe HecTaSmmocTM obhx KOMnjieKca H3-

Hoce: pK, = 8,05 ± 0,01 h pK2 = 6,92 + 0,02 (n = 1).

3a KOMnjieKC Cu(SerH) 2 "TBpheHo je #a ce noHama Kao cjia6a #Bo6a3Ha

KHcejiHHa HMjn cy npoM3BOflH npoTOJin3e Tpehw — Cu(Ser) (SerH)—, oahocho
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neTBpTM KOMnjieKC-Cu(Ser)2—. napi^Mjajme KHcejiHHCKe KOHCTaHTe noMeHyTe

KiicejiHHe flooMBeHe cy M3 H>nxoBe pacnofl&ne y 3aBncHOCTM ofl pH-BpeflHOCTH

ck

noMohy H3pa3a: pkt = pH + log — , r^e Ck npeflCTaBJba CTexnoMeTpnjcKy

cb

KOHi;eHTpai;njy KMcejiMHe, a cv, CTexnoMeTpnjcny KOHqeHTpauHjy h>oj oflroBa-

pajyhe 6a3e. ,Ho6nBeHe BpeflHocTH M3Hoce: pKi = 10,1 h pK2 = 11,9 (|i = 1).

II—3.

KOHcJjOPMAIJHOHA AHAJIM3A TRIS

(TPMMETMJIEHflMAMMH) KOBAJIT (III) CMCTEMA

F. WOLDBYE ti C. P. HHKETITR

Cher.dstry Department A, The Technical University of Denmark DK-2800

Jyngby, Denmark u MucruryT 3a xcjuujcxa, rexnoAOWKa

u MerajiypuiKa ucrpaacuBatba, Beozpad

Wiberg-OBa Merofla 3a MHHMMM3au,njy noTeHU.Hja.jiHe eHeprwje (t3b. MeTO.ua

„HajBeher HarnSa") je pa3pabeHa m npHMen>eHa Ha KOHCpopMauuoHy aHajiH3y

tris(TpnMeTMJieHflMaMMH)-Ko6a^T(III) cwcTeiaa.

3a n3paHyHaBaH>e yicynHe eHeprnje ysera cy y o63np flonpMHOCH npo-

MeHe flyatMHa Be3a h flecpopiaauHja BajieHunoHMx yrjioBa, van der Waals-OBMX

MHTepaKqMja M3Mel>y aTOMa kojm HMcy flnpeKTHo Be3aHM m npoMeHa top3mohhx

yrjioBa. OflroBapajyhe KOHCTaHTe cmia cy aoCuBeHe M3 pacnojio?KMBMx eitcne-

pMMeHTajiHHX noflaTaKa.

McnMTHBaHa cy tpm ocHOBHa KOHCpopMepa tris(TpnMeTmieHAMaMHH)KO-

6ajiT(III) joHa c ocom cMMeTpuje Tpeher pe«a. y obmm KOMruieKCHMa x&naTHM

npcTeHOBH ce Hajia3e y KOHcpopMauwjH CTOJiHije („chairs") h jieBoj (Xs) oflHO-

cho aecHoj (6s) Kocoj KOHCpopMaqwjM. ^o6nBeHM pe3yjiTaTM cy nopebemi

c ii3paHyHaTOM KOHCpopMauMOHOM eHeprnjoM tris(TpHMeTMJieHflMaMHH)K06ajiT

(III) joHa y KpncTajmoM cTaity, Ha ocHOBy Hera je npeTnocTaBJbeHa Bepo-

BaTHa cTexHOMeTpnja cmora cncTeiwa.

n—4.

yTMiiAJ cyji<i>o rpynE ha npoTOHAUMjy m amcoumja-

UMJy PEArEHCA flEPMBATA BIS-A30-XPOMOTPOnHE

KMCEJIMHE

B. HHKOJIHR h A. MYK

HHcruryr 3a nyKJieapne nayne „Bopuc Kudpui", Beozpad

McnHTMBaH je yTHuaj cyjicpo rpyna Ha KOHCTaHTe npoTOHauwje h jjhco-

uujaujije HeKMx peareHaca, jjepMBaTa 6nc-a30-xpoMOTponHe KMcejiMHe. Obm

peareHcn MMajy cyjicpo rpyne y opto, MeTa mjih napa nojioatajy y oflHOcy Ha

a3o-rpyny. HabeHO je aa HajBehw yTMijaj Ha KOHCTaHTe npoTOHauwje h flnco-

UHjaunje HMajy cyncTMTyeHTH y opto nojioatajy. IlpoflMCKyTOBaHa je npupoaa

osor yTMuaja.

3*
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II—5.

CMHTE3A M OCOBMHE O-ETMJI-S (2-N-METMJI-N-APMJI-

-AMHHOETMJI) METMJITMO*OCcl>OHATA

M. ■HOCJTB, fl. PAKMH H 3. BMHEH*EJIfl

ItHCTuryT 3a TexHUHKo-MeduuuncKy 3auiTury, Eeozpad u Bmcoko rexnuHKa

WKOAa, 3azpe6

IlpiiKa3aHa je CMHTe3a iuecT hobhx oprano-4>oc4>opHHx jeflnn>eifca oniiiTe

(pop&iyjie::

 

rfle je R = —CHs, —CI, —OCHs (y m h p nojioatajy)

m h>mxobmx MeTHJiHpaHHX flepwBaTa ca flMMeTHJicyji4>aTOM — MeTHJicyjicpoMe-

TMjiaTa h saTe cy H>nxoBe 4)M3MHKO-xeMnjcKe KapaKTepHCTrate. Oflpe^eHe cy

TaKO^e KOHCTaHTe 6p3MHe ajixajiHe xnflpojin3e cnHTeTH30BaHMx opraHO-cpoc-

cpoproix jeflrateifca, mmjm pe3yjiTara yKa3yjy Ha BejiHKy CTa6KjmocT obhx

jeflMH>en>a, 6e3 o63npa Ha BpcTy m nojioJKaj cyncrwTyeHTa y cpeHHJiHOM je3rpy.

II—6.

o peakd;mjm AHXHflPHflA 3-HMTP04>TAJIHE KHCEJIHHE

CA AHHJIHHOM

o. a. TyypKOBina » t>. m. ammmtphjebhtt

TexHOAOuiKO-jneTajiypuiKU (paKyjirer, Eeozpad u MncTUTyr 3a xeMujcKa,

rexHOAOuiKa u MeTOJiypuiKa ucvpaxuBatba, Eeozpad

ynopel)MBaH>eM MeTHJiecTpa N-cpeHmi-HMTpo<pTajiaMMHCKe KHcejiHHe

(t.t. 162—4°C) flo6nBeHor flejioBaH>eM A>>a30MeTaHa Ha N-<peHMJiHHTpocpTajia-

MMHCKy KwcejiHHy, Koja Hacraje y peaKUHju aHXHflpufla 3-HHTpotpTajme KH

cejiHHe ca aHHJiHHOM, ca ayTeHTHHHHM y3opu.HMa o6a H30MepHa MenuiecTpa

N-cpeHMJi-3- oflHocHo 6-HMTpocpTajiaMMHCKe KHcejiHHe, flOKa3aHo je fla je Ha-

BeaeHa N-<peHHJiHHTpo(pTajiaMMHCKa KHcejiHHa CTBapHO N-(peHrai-3-HHTpocp-

TajiaMHHCKa KHcejiHHa. TwMe je flaT eKcnepHMeHTajiHH floica3 3a opHjeHTau,Hjy

rope noMeHyTe peaKmrje, iuto ce paroije caMO npeTnocTaBJba.no Ha ocHOBy

aHajiornje ca opHjeHTaunjoM peaKqMje aHXHflpwfla 3-HMTpocpTajiHe KucejiHHe

ca aMOHHjaKOM, a iuto Ha ocHOBy pe3yjiTaTa Haninx pamijux paflOBa HHje

noy3flaHO. IIphjihkom CMHTe3e MerajiecTpa N-o>eHHJi-3-HHTpo4>TajiaMHHCKe

KHcejiHHe KOHCTaTOBaHo je fla Moxce fla flobe nofl h3bcchmm ycjioBHMa flo no-

3HaTor MHTpaMOJieKyjiCKor ecTapcKor npeMeurraifea, TaKO fla je nojia3ehn ofl

B-ecTpa 3-HHTpo<pTajiHe KHcejiHHe npeBobeiteM y oflroBapajyhn eerap-xjioprm
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a 3aTmu ecTap-aHMjiMfl, yMecTo oneKHBaHor MerajiecTpa N-cpeHHJi-3-HMTpcxp-

TajiaMHHCKe KHcejiHHe ,uo6nBeH MeTMJiecTap N-<peHnn-6-HiiTpo(pTajiaMHHCKe

KMCejIMHC

n—7.

*yHKDiMOHAJIM3AD;MJA CTEPEOMflHMX JIAKTOHA

M. CTE^AHOBJfE, 3. VEPMATH m M. TAIIIirE

XeMiijcKU uHCTuryT TlpupodHO-MareMaTWKOz (paKyArera, Beozpad

u MncTUTyr 3a xeMujcKa, rexHOAOWKa u MeraAypiuKa

ucvpaoKueatba, Beozpad

JlnpeKTHO yBoheH»e cpyHKUMOHajiHHx rpyna y jiaKTOHCKM npereH xeMHj-

ckiim nyTeia BeoMa je cJioxeH npou.ec kojhm ce oSmhho floBHBa cueiua pa3Jin-

hmtmx npoM3BO^a y hhckom npHHocy. MMajyhM y suny Bejiwxy pa3H0BpcH0CT

aejcTBa cwioBO-TeTpaaqeTaTa y anpoTMHHMM pacTBapaHHMa, H3BpmeHO je hciim-

THBaHbe flejcTBa OBor peareHca Ha hckojihko CTepcwflHHX 6-jiaKTOHa. y cbhm

ncnMTHBaHMM cnynajeBMMa yTBpheHO je na ce obom peaKqujoM bpuim aqeTOK-

cimoBaibe y a-no.io>Kajy y oflHocy Ha Kap6oHMJiHy rpyny; peaKtjwja je BeoMa

cnopa ajiM ce opuiH CTepeocneinicpHHHO h y bmcokom npMHocy (70%). floKa-

3MBaH>e cTpyKType flo6nBeHMx a-aueTOKCM-jiaitTOHa M3BpmeH0 je xeMHjcKMM

nyTeM m noMohy HHCTpyMeHTajiHHx MeTOfla. MaceHM cneKTpw m cneKTpH Hy-

KJieapHe MarHeTHe pe30HaHU,nje noKa3yjy Heite ocoSchocth Koje HMCy onncaHe

y jiMTepaTypM na he CTora TaKohe 6mtm fleTajtHHje HMCKyTOBaHe. TaKohe je

ncnHTHBaHa h MoryhHOCT lunpe cMHTeTCKe npuMene OBe peaKU,nje yBoheH»eM

Beher 6poja <pyHKUMOHajiHnx rpyna y ctcpohahh MOJieicyji.

n—8.

COJIBOJIMTMHKE PEAKIJMJE UMKJIOflELJEHMJI-CJ'lCTEMA

M. Jb. MMXAMJIOBHTi, Jb. JIOPEHIJ, M. flABOBHTi, M. jyPAHWR

h M. rAIIDTB.

XeMujcKu itHcrurj/T npupodHO-MarejuaTUHKOz (paKyArera, Beozpad

m MHCTUTyr so xeMujcKa, rexnoAOuvKa u MeraAyptuKa

ucrpaxuBaiba, Beozpad

npoynaBaHe cy cojibojimtmhkc peaKqtije T03miaTa cTepeon30MepHHX cis-

ii trans-3B-xnflpoKcn-5,10-scfco-l,10-xojiecTeH-5-OHa y 90°/o BOfleHO-au.eTOH-

ckom pacTBopy y npncycTBy 1 MOJiapHor eKBMBajieHTa Na-aneTaTa Ha Tenme-

paTypw Kjby»iaH>a m Ha 110°. HaheHO je, c o63npoM Ha pa3JiMHMTe KOHcpury-

paiwoHe m KOH(i>opMaqnoHe oflHoce ko« OBa flBa ojiecpHHCKa anacTepeoMepa,

na nocTojw 3HaTHa pa3JiHKa y H>HxoBoj cojiBOJiMTHHKoj peaKTMBHOCTM, Koja ce

orjieaa Kaxo y 6p3iiHii pearoBaiba, TaKo h y npnpoan nocTajnix npoM3Boaa.

Ka.ia ce T03MjiaT trans-3B-xiiflpoKCM-5,10-seko-l,10-xojiecTeH-5-OHa coji-

BOJiH3yje y nycpepucaHOM 90°/o aueTOHCKOM pacTBopy Ha TeMnepaTypw KJty
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naita, nocjie npH6jiHJKHO 5 nacoBa M3pearyje uejioKynHa KOJiHMMHa cynerpaTa

h nocTaje CMeca op 5 npon3BOfla. Obm npoM3BOflH cy OflBojeHH xpoMaTorpa-

CpHJOM Ha SiOi-KOJIOHH H npeHHUlheHM KpHCTajIH3aUHjOM. Ha OCHOBy CpM3HH-

KHX H XeMMjCKMX flOKa3a yTBpbeHO je fla pBB COJIBOJIHTMHKa npOM3BOfla TO-

3MJiaTa frans-3B-XHflpoKcn-5,10-sefco-1.10-xojiecTeH-5-OHa HMajy CTpyKType ca

nenpoMeH>eHMM uMKjiofleueHCKHM npcieHOM, h pa ocTajia tpm npoH3BOfla (no-

CTajia y yKynHOM npwHocy oko 40°/o), npeflCTaBJbajy flepuBaTe 5,10-seJco-l,3-un-

KJio-xojiecTeHa.

HacynpoT frans-n30Mepy, T03HJiaT cis-36-xnapoKcn-5,10-se)co-l,10-xoJie-

CTeH-5-OHa nop mctmm eKcnepwMeHTajiHHM ycnoBHMa, nocne 5 nacoBa npaKTHH-

ho He pearyje a nocjie 30 ^aHa 3arpeBaH>a M3pearyje y kojihhhhh o.u oko 30°/o.

Mel^yTHM, Ka«a ce cojiBOJiH3a BpuiM y 3aTonjbeHoj u,eBM Ha 110°, T03HJiaT

cis-ii30Mepa M3pearyje npaKTHHHo KBaHTiiTaTMBHo nocjie 10 flaHa, npw Meiwy

pajc cinecy 3 npoM3BOfla y yKynHOM npwHocy op oko 95%, op kojhx HMjeaaH

He caapjKH MMKJionponaHCKM npcTeH.

OBaKBa paajiHKa y 6p3MHH pearoBaita m npwpoflH nocTajinx npon3BOfla

npw COJIBOJIM3M T03MJiaTa flMacTepeoMepHMX cis- m trans-fl-xn3poKCH-5,10-se/co-

-l,10-xojiecTeH-5-OHa yKa3yje pa ce cojiB0JiM3a T03nJiaTa trans-H30Mepa Bpuin

ca xoMoajiM^HOM napTHU.nnau.njoM flBorySe Be3e. Ha ocHOBy Moaejia bhpm ce

fla reOMeTpnja MOjieicyjia trans-H30Mepa flonyurra pa C-3 Kap6oHiijyM-joH m

ABory6a Be3a 3ay3My njiaHapaH pacnopefl, hhmc ce cTa6HjiH3yje npejia3H0

CTaibe, cpaBopw3yje peaKunja h OMoryhaBa rpar>eH>e u,HKjionponaHCKor npere-

Ha Kofl cis-H30Mepa TaxaB njiaHapaH pacnopefl M3 CTepHHx pa3Jiora Hwje mo-

ryhaH, na je peaKunja 3HaTHO cnopnja h He flaje npoH3BOfle ca qwKJionpo-

naHCKHM npcTeHOM.

II—9.

PEflyKTMBHE miKJIM3AUMJE a, p-HE3ACMTiEHMX

CTEPOMflHMX KETO CMCTEMA CA XETEPOATOMOM

y 6-IIOJICOKAjy. CMHTE3A HOPMETJ4JI-M30

CTEPOM^HMX AJIKAJIOMM •

MMJIYTMH CTEOAHOBWR, MBAH B. MHTiOBHTi m flyillAH MMJbKOBH'R.

XejuujcKu UHCTuryr, npupodHOMa.TeM.aTUM.Ku (paKyjner, Beozpad

XeMujcKU uncTUTyT, <t>UA030<ficKU g&aKyjirer, Hobu Cad

MncTUTyr 3a xeMujcKa, TexnoAoiuKa u MeraAypuiKa ucrpaxuBama, Beozpad

y paHMjwM paflOBMMa1,2,' noKaiajui cmo pa ce HHTpaMOJieKyjicKOM pe-

flyKTHBHOM uHK^M3ai;HjoM noroflHwx He3acnheHwx cTepoMflHMx ciicTeMa Mory

po6mn jeflHHjefba cJiHHHa npwpoflHHM cTepowflHMM ajiKajiowflHMa h canore-

HHHHMa.

y obom pafly McnMTajiii cmo pe^yKTHBHe u,HKJiH3au,Hje y ecTporeHoj

h 19-hop cepwjH.

1 M. Stefanovii, I. V. MUovit, D. Jeremli and D. MUikovU,. Tetrahedron, 26,

2609-2617 (1>70).

» M. Stefanovii. D. MUjkoviC, M. MUfkooU, A. Jokli and B. SHpanovM,. Tetrahe

dron Letters, 32, 3891-3895 (1966).
■ MMjiyrHH CTeibaHOBHh, AjieiccaHAap JOKHh m flymaH MiijiKOBHh,. rjiacmuc Xe-

MMjcKOr flpyuiTBa Beorpafl, 34, 497-507 (1969).
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JS,o6imemt qnKjin3ai;M0HM npoM3Boan npeflCTaBjfaajy Hop-MeTMJi-H30 CTe-

poH^He ajiKajioHfle. Ilpn McnHTMBaH>y peaKU.MOHMX ycjioBa CTBapa ce mh/jojih-

3HflHHCKn npcTeH (npereHOBH E h <J>) y flBa M30MepHa cis h trans oSjiwca.

Ha ocHOBy pa3MaTpai+>a NMR, Maceroix, IR, pK BpeflHOcra Kao h HeKHx

flpyrux xeMwjcKiix no^aTaKa npnrincaHe cy oflroBapajyhe KOHCpurypauHje

it npeaJioxeH MexaHH3aM MHTpaMOJieKyjicKe pe^yKTHBHe u.HKjiM3au,Mje.

n—10.

MHTPAMOJIEKYJICKE AflMIJMJE HE3ACJTREHI1X

AJIKOKCM-PAflMKAJIA

M. Jb. MMXAMJIOBWR, C. KOHCTAHTHHOBWR w >K MEKOBHlk

XeMujCKU UHCTuryr npupodHO-MaTeMCLTu\KOz (paKyATera u MncTuryT

3a xeMujcKa, TexnoAoruKa it MeraAypiuKa ucTpaacuaaiba, Beozpad

OKCMaamijoM He3acnheHHx ajmcpaTHHHMx ajiKoxojia, kojh caflpwe ^bo-

ry6y Be3y y nojioacajy 4, 5 hjih 6, noMOhy ojiOBO-TeTpaai;eTaTa, flofiHBajy ce

aueTOKCMJioBaHM mmkjimhhm erpH. 3aBiicno ofl nojioHcaja flBory6e Be3e y 03-

Hocy Ha xMAPoKCMJiHy rpyny, Mory ce ^0611™ ncro- liiecro- m ceflMOHJiami

U.MKJIMHHM eTpM.

3aTBapaH>e qmcjiMMHor erapcKor npcTeHa oByxBaTa HHTpaMOJieKyjicicy

aAwqMjy ajiKeHMJiOKCM-paflMKajia (3) (floSMBeHor xomojih3om O-Pb Be3e va 2)

Ha oJiecpHHCKy ,nBory6y Be3y npw neMy ce floSwBajy ajiKHJi-paflUKajui i_ hjim 5,

kojh ce flajbe cTa6miM3yjy OKCMflanMjoM 3' oflroBapajyhe KapBoHwjyM joHe

(6 hjih 7), flajyhM KOHanHe npoH3BOfle OKCMflau.Hje 8, 9^ mjim 10.

H PblOAc), -pb(0Ac)3 "Pb(0Ac)3 7

AcOCH

 

10 6 5 9 8

OKCHflaqMjoM He3acMheHMX ajiKoxojia KojM MMajy flBory6y Be3y y no-

jioxcajy 4 flo6MBajy ce CMece aqeTOKCMJioBaHMX m He3acnheHiix neTo- h mecTo-

HJiaHMx umkjimhhmx eTapa. MehyTMM, oKCHflamijoM ajiKoxojia kojii caAPwe

flsory6y Be3y y ncwicoKajy 5 aoSwBajy ce MCKJbynMBO ujecTOHJiaHM aqeTOKcii-

JIOBaHM M ajIKOKCMJIOBaHM UMKJIMHHM eTpM KaO M HeKM npOH3BOflH nocTajni

HHTpaMOJieKyjICKOM a6CTpaKLJMjOM ajIMJIHOr BOflOHHKa. TpM KOHKypeHTHe U.H-

KjiM3aqHOHe peaKunjc cy npMMeheHe npM oKCHAaijHjii ajiKoxojia kojh MMajy

cne<pMHCKy Be3y y nojiostajy 6: MHTpaMOJieKyjicKa afliiu,nja ajiKeHHjiOKCii-

-pa^MKajia (npM neiny nocTajy ceflMOHJiaHM u.hkjihhhh eTpM aueTOKCiuiOBami
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y Sohhom mrey) m MHTpaMOJieKyncKO npeMemTaifce BOflOHMKa c ( — mjih e-yrjbe-

HMKOBOr aTOMa (npi-i neiny ce flo6wBajy HeaqeTOKCMJicmaHH TeipaxMflpocpypaH-

ckm m TeTpaxMflponwpaHCKM flepHBaTH).

MACEHM CnEKTPM 3- M 6-HMTPO- M 3- M 6-AIJETAMMHO-

-N-<£EHMJIcJ>TAJIAMMHCKMX KMCEJIMHA

fl. JEPEMM-R, Jb. rAJIEBOBMTx, C. MMJIOCABJBEBM'R, O. 'ByPKOBWR

m T.. flHMMTPMJEBITR

TexHOJiouiKO-MeTajiypuiKU (fiaKyjirer, Eeoipad, TIpupodno-M.aTejiunuM.KU.

cpaKyjirer, Beotpad u MHCTuryr 3a xeMujcKa, rexHOAOUiKa

u MeraJiypwiza ucTpaxueayba, Beozpad

npoynaBaHH cy Mace™ cneKTpw cjieaehwx jejn«i>eH>a:

Koa HMTpo-^epMBaTa I 11 II yoneHe cy 6nTHe npoMeHe y HHTeH3HTeTHMa no-

jeflMHMX cpparMeHaTa iuto oiaoryhyje pa3JiMKOBaH>e obmx n30MepHHx je-

niiibeifca.

Ai^eTaMMHO-flepMBaTM III h IV HMajy pa3JiMHMTe nyTeBe cpparMeHTM-

caiba, na OTyaa h pa3JiHHMTe MaceHe cneKTpe. Ko;; obhx AepnBaTa yTBpbeHO

je fla cneKTpy y KojeM je HajnHTeH3HBHnjw MaKCHMyM Ha m/e 77 oflroBapa

CTpyKTypa III. Ilopefl ocHOBHor MaKcmnyMa Ha m/e 77 nocToje h Bpjio KapaK-

TepHCTHHHH MaKCMMyMH Ha m/e 265, 236, 235 m 221.

CneKTap jeflHH>eH>a IV ce 6htho pa3JiMKyje on cneKTpa jeAHH>eH>a III.

y H.eiay je ochobhh MaKCMMyM Ha m/e 93 Kojw oflroBapa joHy CeHsNHj. Bpjio

11—11.

 

11 111 IV

-1 +
0 

CH3 —CO - NH 0

je HHTeH3HBaH MaKCHMyM Ha m/e 205, a noTMne 03 joHa HacTajior cppanueH-

TauiijoM jeflHH>eH>a IV.

y pa^y cy aa™ cneKTpn m riiixoBa HHTepnpeTauMja.



41

n—12.

OflPE'BMBAIfcE CTPyKTYPE M30MEPHMX

8-ETMJI-7-0KCAEMIJ;MKJI0 (4.3.0) HOHAHA

fl. JEPEMWR, M. Jb. MMXAMJIOBMTi, B. AHflPEJEBJTR

h M. JAKOBJbEBMTi

npupodHO-MareMaTUHKu (paKyArer, Eeozpad u MHcruryr so xeMUjcica,

rexHOAOvj.ua u MeraAypuiKa ucrpaxueatba, Eeozpad

OKCMflaqujoM u,HKjio,neKaHO.na ca onoBOTeTpaaijeTaTOM Ao6iiBeHa cy ne-

rwpn M30MepHa jennH>en.a HHja je cTpyKTypa

AHajiH30M NMR cneKTapa yTBpbeHO je pp. flBa iraojioBaHa eTpa HMajy cis

(H — H) CTpyKTypy, a flpyra flBa trans- (H — H) CTpyKTypy.

y paay je flaTa flerajbHa aiiajima NMR cneKTapa.

NMR CnEKTPM CIS- M TRANS-2-ETMJI-4-XMflPOKCM-

METMJI-1.3-AMOKCOJIAHA M CIS- M TRAJVS-2-ETMJI-

5-XM^POKCM-l,3-AMOKCAHA Y PACTBOPMMA EEH3EHA

TIpupodHO-MareMaTUHKu QbavyArer, Eeozpad u Uncrwryr 3a xejuujcKa,

rexuoAOWKa u MeraAypuiKa ucrpaxueafba, Eeozpad

Jl3BpiueHa je aHajiraa NMR cneKTapa neTMpw n30MepHa rjinu.epnHan.e-

Tajia: cis-(I) m trons-(II) 2-eTHJi-4-xnflpoKCMMeTMJi-l, 3-flM0KC0JiaHa n cis-(III)

h trans-(TV) 2-eTHJi-5-XM;rpoKCH-l, 3-flHOKcaHa.

McnMTMBana jeflHH.etba flajy NMR cneKTpe Burner pefla o6jiHKa: ABCDj

(I m II), AA'BB'X(III) n AA'BCC'(IV). 3a aHajiH3y obmx cneKTapa KopHuiheiie

yo6nMajeHe noMOhHe MeTOfle: M3paHyHaBaH>e TeopnjcKnx cneKTapa, flBOCTpyKa

pe30HaHyHja, CMHTe3a MOHOfleyTepncaHnx jeanibeH>a h CHHTe3a Moaeji je-

snH»eH»a.

Ha ocHOBy napaMeTapa flo6nBeHMX H3 NMR cneKTapa (xeianjcKa noMe-

patba h KOHCTaHTe HHTepaKunje) oflpei)eHe cy CTpyKType, KOH(pHrypau.nje

m H3BefleHM 3aKjbyHU,n o KOHCpopManHjaiua HcnHTHBaHHX M30Mepa.

IIpoyHaBaH>eM aHH30TponHHx yrauaja cyncTHTyemra (-CH2OH) Ha xe-

MiijcKO noMepaite cis-B-npoTOHa y 1, 3-anoKco.naHCKMM npcTeHOBMMa (I, II)

HabeHO je 3a je OBaj yTHijaj napaiviarHeTaH.

 

II—13.

C. MMJIOCABJbEBM'R h fl. JEPEMMTi
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11—14.

yTMIJAJ PACTBAPAHA y HyKJIEAPHO-MArHETHO

PE30HAHTHOJ CIIEKTPOCKOnMJM — IIMKJIMHHM

KETOHM y PACTBOPMMA EEH3EHA

r. T. XAJflyKOBMH

HHCTuryr 3a uyKAeapne Hayne „Bopuc Kudpun", Eeozpad

McnHTaHM cy xeianjcKH noMepajw npoTOHCKMX CMraajia ajiKHJi-a-xjiopo-

-aMKJioneHTeHOHa y yrjbeH-TeTpaxjiopHAy w SeiweHy. 3HaK m BejiHMtiHa xe-

MMjcKHx noniepaja npoTOHa jeflHH>eH.a y 6eH3eHy y oflHocy Ha pacTBope y

yrjbeH-TeTpaxjiopn,ay (A6 = 6ccu — t>cem) 3aBnce oa reoMerpHjcKHx oflHoca

M3Mel>y McnuTHBaHMX npoTOHa h nojiapHHX rpyna. y cneKTpiiMa uhkjimhhhx

KeTOHa npoTOHCKa pe30HaHua noMepa ce Ka janeM nojty Ka« ce yrjbeH-TeTpa-

xjiopwfl 3aMeHM 6eH3eHOM. yTHuaj pacTBapana Ha xeMHjcice noMepaje B-npo-

TOHa yBeK je Behw oa ynmaja Ha xeMMjcKe noMepaje a-npoTOHa. a 6-npoTOHH

y trans nojioraajy y oflHocy Ha xjiop 3aKJioH>eHnjn cy oa npoTOHa y nojio-

wajy cis.

Ha ocHOBy obhx pe3yjrraTa OApebeHa je CTpyKTypa CTepeow30Mepa h npo-

AMCKyTOBaHa npnpofla HHTepMOJieKyjicKMx MHTepaicu,Hja 6eH3eH-pacTBopaK.

11—15.

EJIEKTPOKEMMJCKA PEflyKIJMJA MHTEPMEflMJEPA

y nPOM3BOflH3M BMTAMMHA Bo (II)

EJIEKTPOKEMMJCKA PEflyKHK.TA CynCTMTyMPAHMX nMPHflOHA

M. JIA'EAH, J. XPAHUJIOBWR, 3. BAJTHEP, M. TAEAKOBI1R

m 3. CTyHWR

TexHOAOWKU (fiaKyATer CeeyHUAumra y 3azpe6y

PLIVA — reopHUVfi- 0apMav,eyTCKUx u KeMujcicux npou3eoda y 3azpe6y

BucoKa TexKttHKo uiKOAa KoB JHA y 3azpe6y

TexniiHKU tfiatcyATer, Ean>a Jlyxa

Pl3BpmeHa je ejieKTpoKeMMjcKa peAyKuwja 2-MeTMJi-3-HMTpo-4-MeTOKCn-

MeTM^-5-MMjaHO-6-XMflpOKCHnMpMflIlHa (I) 2-MeTOKCHMeTHJI-3-HHTpO-4-MeTHJI-

-5-iiMjaHO-6-xMflpoKCHnMpHflMHa (II) Ha jKMBHHoj KaTOflM y CMjecw jie^eHe

oirreHe m cojihc KwcejiHHe. y npBOM CTynH>y ejieKTpojin3e koa KOHTpojinpaHor

KaTOAHor noTeHLuijajia oa -0,5 V (npeina 3.K.E.) hmtpo rpyna, y cnojeBMMa

1 h II, je peAyunpaHa y aMUHo rpyny y3 npejia3 mecT ejieKTpoHa. y APyro.M

erynity koa noTeHn.nja.na oko -1,1 V (npeiua 3.K.E.) o6a H30iaepHa aMMHO «e-

piiBUTa peAyKirwjoM Aajy hcth npoAyKT. KaTOAHM noTeHu.nja.nw y obiim nony-

cwwa OAroBapajy npBOM, oahocho APyroM njiaToy rpaHHHHe CTpyje nojiapo-

rpacpcKHX KpHByjba. McnHTHBaHe cy nojiaporpacpcKe KpMByjbe w OApe^eH je

KapaKTep rpaHHHHMx CTpyja npeMa yo6wHajeHHM KpMTepwjHMa. IlpoAyKT CBa-

Kor cTynn>a je mojinpan vl wcnHTHBaH je yTjeu,aj pa3JiHHHTHX cpaKTopa Ha

HCKopmuTeH.e npoAyKTa.
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11—16.

M30JIAIJMJA M CTPYKTYPA CyjKSATMflA

KOH>CKOr M03rA

K. KJbAWR m M. nPOIUTEHMK

Meduv,UHCKU (paKyjirer, 3aape6

Koh>ckh M03aK eKCTpaxupaH je aijeTOHOM. eTepoM m eTaHOJioM. C(pMHro-

jinnnflHa cppaKi;nja, floSiiBeHa eKCTpaxwpaifceM ca eTaHOJioM, KpoMaTorpacpw-

paHa je Ha kojiohm aKTMBHor yrJbeHa m (pjiopwcmia (2 : 1). CyjicpaTMflM cy

ejiynpaHn c KJiopocpopM-MeTaHOJiosi (2 : 1) 3acnheHMM ca 5N NH4OH. PeKpo-

MaTorpacJiMjoM npeKO aKTiiBMpaHor cpjiopMcmia, ejiyiipaibeM ca KJiopocpopM-

-MCTaHonoM (2:1) floSnBemi cy hhctm cyji(paTMflw, 6e3 uepe6po3Hfla n ccpHH-

roMHje^MHa (ejieMeHTapna aHajiioa, IR aHajiM3a, KpoMaTorpacpiija Ha TaHKOM

cjiojy cmiHKarejia G).

JfaojwpaHH cyjicpaTHflH MeTaHonM3wpaHM cy y3 3arpwjaBaifce ca MeTaHOJi-

hom HC1. TaKo flo6nBeHe MacHe KHcejiHHe m ayrojiaHHaHe 6a3e aHa;iH3HpaHe

cy njiwHCKOM KpoMaTorpacpujoM. OflpebeH je cacTaB MacHMX KMcejiHHa h

c(j5HHroji!innflHnx 6a3a.

11—17.

PEryjIAUMJA rJiyKOHEOrEHE3E KOfl KBACIJA

nPM noPACTy ha tajiakto3m

B. JIECKOBAIJ, A. TYPHAHjH h Jb. BPBAUIKM

3aeod 30 xeMujy yHueep3UTera y Hobom Cady

KBacaq coja Saccharomyces cerevisae OK-TI-8 yjrajaH je Ha rjiyK03ii,

TajiaKT03H mjih aijeTaTy, Kao jeflMHOM M3Bopy yrjbeHHKa. MepeHa je flHHaMmca

npoMeHe cneu,ncpHHHOr aKTMBHTeTa MajiaT flexn«poreHa3e, ajiKoxoji flexwflpo-

reHa3e, rjiyK03a-6-cpoccJ)aT ;jexnflporeHa3e, M3ouiiTpaT flexM^poreHase, M3oqn-

TpaT Jinja3e h xeKCOKMHa3e, npn nopacTy KBacua Ha obiim uiehepwvia yTBp-

beHO je fla rajiaKT03a w iviyK03a penpMMMpajy, a fla aijeiaT HHflyicyje cnHTe3y

eHiiMMa MyKOHeoreHe3e. H3oeHU.HMH MDH cy pa3flBojeHH Ha ko;iohh 03

DEAE-Sephadexa. Upvi nopacTy KBacua Ha rnyK03n w ranaKT03H cnHTe3a

MMTonJia3MaTMMHe MDH je ccjickthbho penpninnpaHa y 3HaTHo Behoj Mepn

Hero MHTOxoHflpnjajiHe MDH. IIpeTnocTaBJba ce aa je penpecop rjiyKOHeore-

He3e HeKM oa MeTaSojiMTa KojH je 3ajeflHHHKM KaKo 3a KaTa6ojiH3aM rjiyK03C,

TaKo m 3a KaTa6ojiM3aM rajiaKT03e.
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n—is.

XEMMJCKO MCnMTMBAH>E ^OMAT^MX BPCTA ARTEMISIA

MMJIYTMH CTE*AHOBMTi, AJIEKCAHflAP JOKPTH

M ABDULAZIZ BEHBUD

npnpodHO-jnareMaTUHKU tpaKyjirer, Karedpa 3a xeMujy, Eeoipad, Jfncruryr

3a xeMujCKa, rexnoAouiKa u MeraAypuiKa ucrpaxueaiba, Beo/pad

XeMMjcKM cy iicnHTHBami eKCTpaKTM cjie^ehnx aoMahnx Bpcra Artemi

sia y Hauioj jia6opaTopMjw:

1. Ambrosia Artemisia folia L.

2. Artemisia Vulgaris L.

3. Artemisia Annua

4. Artemisia Scoparia

Obc BpcTe cy y6paHe y okojimhm HoBor Caaa h Eeorpaaa. Pa3pabeH je

nocTynaK 3a eKCTpaKU,njy m eKCTpaKTH cy xpoMaTorpacbucami Ha kojiohh ch-

.iHKa-rejra, Koja je KOHTpojnicaHa xpoiuaTorpacpHjoM Ha TaHKOM cjiojy. ycne-

uiho cmo M30JioBajiw m HfleHTMcpnKOBajiH cneaeha KpncTaJiHa jefliiK.eH>a:

psilostachyin (113 A. A. folia)

vulgarin (H3 A. vulgaris)

OBa jeflMH»eiba cy cecKBivrepneH jiaKTOHn h hcko.ihko flpyrax jeflmfceifea

Koja ce McnHTyjy (TLC-HHCTa) cy join yjba, ajin no«a3yjy IR, NMR h MaceHe

cneKTpe y carjiacHOCTH ca CTpyKTypoM cecKBMTepneH jiaKTOHa.

II—19.

MCnMTMBAHjE PAPAVERUBINA D y OTIIAflHMM

npo^yKTMMA nPM nPEPA^M onwjyMA

O. TAUIH'B m M. nEPrAJI

3asod 3a xeMujy yHUBep3UTera

Papaverubin D — aJiKaJioiifl Kojn ce y Tpary Hajia3H y orwjyMy HcmiTM-

BaH je y OTnaflHHM npon3BOflMMa npii MHaycTpujcKoj npepaflH onwjyMa —

,.onnjyMCKOM Tajiory" m „MeKOHaTy" ^odhboiiom m3 cba6piiKe AAKaAOud 6ua-

na — CKOnjbe.

Papaverubin D je oapebMBaH cbojhm KapaKTepMCTMHHHM peaKunjaMa ca

pa36^a3KeHMM MHHepajmiiM KucejiHHaMa, xpoMaTorpacpHjoin Ha TaHKOM cjiojy

CMJiHKarejia G no Stalu y pa3HHM CMCTeMHMa pa3BHjana » UV cneKTpocKonn-

joia. Haiua ncTpaatMBaH>a cy noKa3ajia aa caMo „onnjyMCKW Tajior" caflpjKH

papaverubin D.

noKymaHO je m npenapaTMBHO n30JioBaH>e papaverubina D M3 onnjyM-

CKor Tajiora.
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11—20.

MflEHTM*MKAIi;MJA IIPOIJECA £OEPlJAH>A BMCOKO-

OnjIEMEIiEHE CyJI*ATHE I];EJiyJI03E 3A XEMMJCKy

nPEPAfly nPEKO MH<I>PAI];PBEHOr CnEKTPA

C. CTAHKOBMTi, Jb. MAJflAHAIJ n Jb. TAJIEBOBWR

TexHOAOtuKO-MeraAypuiKu tfianyATer, Beozpad u MncTUTyr 3a xeMujcKa,

TexHOJioiuKa m MerajiypuiKa ucTpaxu.Ban>a, Beozpad

IIpM nfleHTHc}>MKOBaH>y npeKO IC-cneKTpa npou,eca flo6njaw>a 6yKOBe

cyjicpaTHe u,ejiy.no3e c npeaxnflpcwiH30M 3a xeMMjcKy npepaay, y3 npumeHy

ceKBem;e 6e.T>eH>a CHN, ca BapupafteM KOHU.eHTpau.nje HaTpwjyM-xjmoxjio-

pMTa, ycTaHOBjteHO je:

1. JJa nocTojM napajiejiM3aM koa npoMeHa MHTeH3HTeTa TpaKa y o6jia-

CTHMa 1430—1470 cm-1, 1370—1380 cm-1, 1335—1350, cm-1, 895—900 cm-1 h

AOHeKJie y o6jiacrn 1320—1325 cm—1, tj. aa ca MHTeH3HTeTOM onjiOMeH>jiBaH>a

acwia3M flo MHTeH3MBHiijwx TpaKa, jep ce OHe oflHoce Ha xeMHjcice Be3e y mo-

jieKyjiy u,ejiyjio3e kojom ce BJiaKHo p&naTHBHO oSorahyje.

2. napajieJiM3aM npoMeHa MHTeH3MTeTa TpaKa y oSjiacTwua 1740—1745

cm-1, 1590—1610 cm-1, 1505—1520 cm-1, 1470 cm-1 h 1245—1247 cm-1, jep ce

oflHoce Ha npou,ece fle3MHKpycTau,nje oahocho yKJiaH>aH»a jiwrHHHa h xeMnue-

Jiyji03a. 3ajeflHMHKa je KapaKTepHCTHKa nojaBa MHTeH3HBHMx TpaKa 3a SyKOBO

.apBO m npeflXHAPO^M30BaHO SyKOBO flPBO, Koje ce CBO^e Ha MMHMMyM y TOKy

^ajbux npou,eca onjieMeH>MBaH>a BJiaKHa.

3. TpaKe y o6\nacTn 2905—2935 cm—1 m 2860 cm—1 nHTeH3HBHe cy caMO

KOfl 6yKOBor ^pBeTa, rok cy Beonja cJiaBe koh cbmx HapeflHwx o6jinKa onjie-

Mei!.iiBaH>a. CiwaTpa ce fla cy OHe KapaKTepncTMiHe 3a xeMJiu.ejiy.no3e 6yKBe.

4. I43pa3HT napaJiejiM3aM MHTeH3MTeTa TpaKa y o6jiacTM o« 1160—1165

cm—1, 1115—1120 cm—1 m 1050—1060 cm—1. Hwje mowio aa 6yn,e flaTo aaeKBaTHO

TyManeH>e OBe nojaBe.

5. IIpn onjieMeifatiBaity xjiopoBane cyjiqpaTHe uejiyji03e a BOfleHOM npefl-

xmapojim3om (a = 95,4, DP = 1.090) HaTpnjyMxnnox.nopMTOM KOHU.eHTpau.iije

aKTMBHor xjiopa 0,5, 1,1, 1.5 m 2,0% Hucy ce Morjie yoHHTM npoiaeHe IC-cneK-

Tapa Koje 6n flOB&ne flo noy3flaHHjnx 3aKJtyHaKa. JJajtHM onjieMeHbHBaiteM

obhx qejiyji03a ca HaTpujyMxjiopnTOM KOHu.eHTpau.Hje 0,5%, flo6njeHa uejiy-

jio3a HMje noKa3HBajia npoiaeHe y IC-cneKTpwMa.
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11—21.

XPOMATOrPA*CKO PA3flBAJAH>E HyKJIEHHCKMX

KMCEJMHA KYKypy3A HA KOJIOHM OR

METMJIOBAHOr XYMAHOr AJIEYMMHA

c. a. rpyjWR m b. m. rpyjM-R-MibAii

3aeod 30 xeMujy yttueepyureTa, Hoeu Cad, XeMujcxu. UHcruryr Ilpupodno-

-MareMaTUHKoi (paKy.iTera, Beozpad u MucTUTyr so xeMujCKa, rexHOAOWKa

u MeraAypiuKa ucrpaxuaatba, Beozpad

HcnwTaHH cy ycnoBM 3a H30Ji0BaH>e m pa33BajaH>e hykjicmhckhx KHce-

jiMHa M3 KyKypy3a Ha MAK-kojiohm na cy pe3yjiTaTH ynopebeHH c npena-

paTMMa flo6iiBennM mctom MeTOflOM H3 E. Coli. yTBpbeHO je ,na npn xpoMaTO-

rpacpcKOM pa3flBajaity NK M3 KyKypy3a Ha MAK-kojiohm, 3a pa3JinKy on NK

M3 E. Coli, 3aocTaje HeejiywpaHO oko 20°/o NK, Koje ce ca KOJioHe He cKHAajy

Ha 25CC hh nOBehaifeeM KOHueHTpaqiionor rpa^njeHTa pacTBopa NaCl ;:o 1,8 M.

ajin ce jiaxo ejiynpajy npn noBehun,y TeMnepaType Ha 45° o«hocho 55°C.

Dische-osoM peaxuMjoM, aGcopnunoHMM cneKTpoM Kao m xhapojim30M yTBp-

beHo je aa Ha noBHiueHOj TeiunepaTypM mojioBana NK npwnana rpynn RNK

Kojy cmo o6ejiejKHJiH Kao xRNK.

11—22.

XMflPOJIHTMHKA flErPAflAUHJA KyKypy3HOr CKPOEA

nOMCRy A30THE KMCEJIMHE

O. JAHHWR m M. CMMJbAHMTi

MncTuryr 3a xejuujcKa, TexnoAowica u MeraAyputKa ucTpaxueaiba, Beozpad

TpeTupaH>eM HaTtiBHor KyKypy3HOr cxpoSa pa36jia»ceHMM pacTBopwMa

a30THe KMceJiMHe flo6njenn cy TanKOKyBaHii ckpoGobm. y 3aBHCH0CTH oh koh-

UCHTpauMje KMcejiMHe, «o6njeHa je, nofl pa3JiMHMTHM peaxiiwoHMM ycjioBMMa,

MHTaBa cepuja xhapojihthmkm flerpafliipaHHX MOAiicpiiKaTa cxpo6a ca hobhm

CpH3MHKMM H XeMHJCKMM OCOOllHaMa.

11—23.

AMMHO ETPM CKPOEA CA 4>JIOKyJIAUMOHHM

OCOEMHAMA

O. JAHMM'E h A. TiOP'BEBWR

MHCTuryr 3a xeMujCKa, rexHOAoniKa u MeraAypuiKa ncTpaoKuean>a, Beozpad

TpeTnpan»eM HaTMBHor mjih OKCHflOBaHor cKpoCa ciwecoM TepuwjapHor

aMHHa h enwxjiopxMflpMHa y ajiKajiHoj cpeanHM, Ha noBHiueHOj Te.\inepaTypn,

ao6MjeHM cy KBaTepHepHM aMOHwjyM ajiKHJi eTpii cKpo6a. McniiTaHM cy m 06-

flapeHM peaKi;noHH ycjiOBM 3a flo6Hjan>e obmx flepiiBaTa cKpo6a, ca ocoSMHaMa

KaTjOHCKMX nojiiiinepa, y hbpctom h TeHHOM CTaH>y.
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11—24.

ynoPEflHA OKCMflAUMJA KyKypy3Hor, KPOMnMPHor

M nUIEHMHHOr CKPOBA

A. -BOP-BEBM-B m O. JAHHWR

MncTUTyr 3a xeMUjCKa, rexnoAOuiKa u MeraAypuiKa ucrpazcuBaiba, Beozpa&

M3BpuieHa je 0KCMflaunja KyKypy3Hor, KpoMnnpoBor m niueHMHHor CKpo-

6a noMohy pacTBopa KajiqMjyMXMnoxjiopMTa npw MfleHTMHHHM peascqnoHiiM

ycjioBMMa. IIocMaTpaHe cy w ynopetjMBaHe ocHOBHe KapaKTepHCTMice flo6nje-

hmx npoit3BO,na y 3aBMCHOCTM op KOHqeHTpatjMje OKCMflaHca tokom peaKUuje,

Koja ce KpeTajia op 1 po 14°/o. ycTaHOBJbeHo je pa ce rpaHyjie KyKypy3Hor

h KpoMnwpHor CKpo6a Spxce OKCii^yjy npw hhjkmm KOHU,eHTpau,njaMa peareHca,

Aa cy rpaHyjie KVKypy3Hor CKpo6a HajnpocTpaHMje m pa ce npn BwcoKoj koh-

ueHTpaqnjii OKCiiflaHca He Morae lOBeem 0KcnAau,nja KpoMnwpHor h rmieHHH-

Hor cicpo6a, jep flOJia3n po HtejiaTMHH3au,nje.

11—25.

MCnMTMBAH>E *JlOKyJIAIIMOHMX OCOEMHA

AMMHO-ETAPA CKPOBA

O. JAHHWB. m A. 'BOP'BEBM'B.

Hncruryr 3a xeMujcKa, rexnoAouiKa u MeraAypuiKa ucrpao/cueatba, Eeozpad

McnwTaHe cy cpjiOKyjiaqwoHe oco6nHe flo6njeHHx aMMHO-eTapa CKpo6a.

McnMTMBaH>a cy BpuieHa Ha rjiMHeHoj cycneH3Hjn h flM(py3HOM coxy mehepHe

pene. IIpeMa jaiMHH (pjiOKyjiaqMOHor flejcTBa, flo6njeHM aMMHO-eTpn CBperaHPr

cy y 4 KaTeropMje op, Kojux cy ohm, nnje je (pjioKyjiaijMOHO flejcTBO o6ejie-

JKeno 6pojeM 5, HajSojbM.



III. <EH3HHKA XEMHJA

in—1.

yTMUAJ TEMIIEPATyPHOr PE2KMMA OEPAflE HA IIPMPOfly

KMCEJIOCTM nOBPIUMHE Y-3EOJIMTA

M. P. JOBAHOBM-R

HHCruryr sa xejuujcKa, rexHOJiouiKa u MeraJiypunca ucrpaxueafba, Beoipad

npoynaBaHH cy imcppaupBeHii cneKTpw MOAiicpiiKoBamix 3eoJiMTa Tiina

Y (Ce-NH4-Y h Ce-Na-Y) y UHJby HAeHTH(pHKOBan>a pa3JiHHHTHX CTpyKTyp-

hmx OH rpyna m yTBpbiiBatt>a TeiunepaTypHHX etpeicaTa Ha H>nxoBy eBO-

jiyinijy.

TaKofee cy iicniiTiiBaiui cneKTpn a/icop6oBaHor nnpHflMHa h Ha ochobv

ormiHKHx rycTHHa oflroBapajyhHX aBcopnqwoHHx TpaKa Ha 1540 h 1454 (oaho-

cho 1456) cm—1 H3panyHaTa je npomeHa OAHOca Lewis-oBe h Bronsted-OBe

KiicejiocTH y cpyHKUHjn TeMnepaType aKTiiBiipaiba y3opaica.

Ill—2.

MCnMTMBAIfcE TPOKOMnOHEHTHMX IJMHK-EAKAP-

-XPOMHMX KATAJIM3ATOPA 3A CMHTE3y METAHOJIA.

III. MCnMTMBAIfcE TEPHEPHMX CMCTEMA CA OflHOCOM

KOMnOHEHATA KOJM (WOBAPA MHflyCTPMJCKMM

KATAJIM3ATOPMMA

n. C. nYTAHOB, b. r. ajiekcwr h a. tepjieukm-baphhebm-b.

Mhctuti/t 3a xeMujcKa, rexHOAowKa u Mera-iypiuKa ucrpaxueaTba, Eeoipad

y HacTaBKy npeTxo^HHX npoyHaBaK>a flBOKOMnoHeHTHHX uhhk-xpomhhx

m 6aKap-xpoMHnx cucTeina, Kao h TpoKOMnoHeHTHor cwcTeMa ca oflpebeHiiM

CTexnoMeTpnjcKiiM oahocom KOMnoHeHaTa, npefly3eTo je McnMTHBai*>e HecTe-

xnoMeTpnjcKor TpoKOMnoHeHTHor ciiCTeMa Kojii oflroBapa MHflycTpMjcKOM Tuny

KaTa»TH3aTopa ti hnm cjie^ehH cacTaB: ZnO . 0,51 CrCh . 0,25 CuO.

3a OBa HcnHTHBafba KopiimheHe cy MeTO^e TG, DTA ii ejieKTpHHHe npo-

BOfljbHBOCTH y ycjiOBMMa aHajiorHMM paHwjHM MepeftHMa.

IIope^eHe cy KapaKTepiiCTMKe KaTajin3aTopa cMHTeTH30BaHHx MeTOflOM

iiMnpeniaqnjc m MeTOflOM 3ajeAHHHKOr Tajio?Ken>a y3 BapnpaH>e peaocjieaa

iieiuaibn KOMnoHeHaTa.

flodHBeHM pe3yjiTaTH yKa3ajiw cy Ha npnpo«y aonpiiHoca nojeflHHwx KOM

noHeHaTa Ha 4>opMwpaH>e u cBojcTBa OBor onoweHor KaTajiMTHiKor cwcTeiwa.

48
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III—3.

XEMMJCKA OTnOPHOCT JIErYPA OJIOBA

y PACTBOPMMA 3A XPOMMPAR.E

C. H. MJIAAEHOBWR, JB. BAPrA u B. HOBOKMET

TexHOAOWKO-MeTa.Aypiu.KU (paKyATeT, Eeozpad

nacMBwpaHM jimmobm Jierype ojiOBa ca Kajiajein mjih aHTMMOHOM cy xe-

MMjcKH nocTOjaHM KaKO y oSmhhmm pacTBopniaa 3a xpoMnpaH>e TaKO u y pa-

cTBopiiMa 3a xpoMnpaifce ca pa3HMM KOHu,eHTpau,njaMa cmiMKodpjiyopoBOflO-

HMMHe KMcejiMHe yKOJiMKo ce pacTBopy 3a xpoMiipanbe flojjaje BO#a y kojim-

hmhm KOJiMKO je Hcnapujia.

Ill—4.

XPOMMPAHjE y nPMCyCTBy CMJIMKO^JiyOPOBOflOHMHHE

MJIM EOPcUJiyOPOBOAOHMHHE KMCEJIMHE

C. H. MJIAAEHOBHK m EL PAflOBAHOBWH

TexHOJiowKO-MeTaAypviKu (foaKyATer, Eeozpad

McKopMinheibe CTpyje npw xpoMnpaH>y xjiaflHO najbaHe nejiHHHe Tpaice

pacTe flo M3BecHe KOHU.eHTpau.Mje CMJinKocpjiyopoBOflOHHHHe KucejiHHe, a npw

AajbeM noBehaity KOHueHTpau,nje CHJiHKOtpjiyopoBOflOHMHHe onafla; npn xpo-

MMpaH>y y npHcycray CHjiMKXKpjiyopoBOflOHMHHe KwcejiMHe MCKopwiiiheibe

crrpyje pacTe u ca rycTMHOM KaTOflHe CTpyje.

flo M3BecHe KOHU.eHTpau.nje 6opcpjiyopoBOflOHHHHe KncejiMHe hckoph-

iuhcH.e erpyje npH xpoMwpaH»y xjiaflHO BajbaHe nejiMHHe TpaKe pacre flo

21°/o, a npn flajbeiu noBehaity KOHu.eHTpau.nje SopcpjiyopoBOflOHHHHe KwcejiHHe

onafla.

Ill—5.

yTMHAJ TEMnEPATyPE M OflHOCA nOBPUIMHA

y30PKA/3AnPEMMHA PACTBOPA HA XEMMJCKy

flEn03MHMjy HMKJIA

fl. "BOFBEBM-B, H. HETPOBHTi h B. AJIMMniTB

npoynaBaH je yTHU,aj TeiunepaType y oncery Ofl 79,4 flo 99,4°C Ha 6p3MHy

fleno3Hu.nje HMKjia Ha HHCKoyrjfceHHHHH hcjihk KBajiHTeTa Č.0146 113 cyjicpaT-

Hor KHcenor KynaTHJia. Oape^eH je hcto TaKO nopacT rexime no jeflHHHU.H

noBpuiMHe y 3aBHCHOCTH on mecT oflHoca noBpuniHa y3opKa /3anpeMima pa-

CTBopa, y oncery 0,125 — 4 [dm5/!], npw Tpn TeiwnepaType.
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III—6.

nOJABA HAnOHCKOr CTAHjA KOfl XEMMJCKM

nOHMKJIOBAHMX BAKAPHMX TPAKA

E. HJIMTi, fl. •BOFE.EBM'R, H. nETPOBITR h B. AJIHMnWR

yTBpbeHa je nojaBa HanoHCKor crafta Koa xjiaaHO Ba-T^aHMX CaKapmix

Tpaica, Koje cy ca jeflHe crpaHe 6mie xeMMjcKH noHHKJiOBaHe a 38thm m jjio-

ateHe oflpebeHOM pexcwwy TepMHHKe o6pafle, y sauiTMTHoj aTMOccpepn. Ilpoy-

naBaHa je 3aBMCH0CT aecpopMamije ofl HaMHHa TepMHHKor Tpe™paH>a vl ojx

CTeneHa flecpopMaquje.

Ill—7.

nOJIAPOrPA<I>CKO IIOHAIIIABbE MOJIMBAEHA

y KOHUEHTPOBAHOJ CyMnOPHOJ KMCEJIMHM

y npwcycTBy xm^poxmhoha

G. EL. INAN1 m fl. C. BECEJIMHOBWH

tpu3Uv.K0xeM.ujCKu 3aeod UpupodHO-M.aTeM.aTUM.KOi (paityATeTa, Beozpad

u Mhctutijt 3a xeMujcxa, TexnoAouiKa u MeraJiypuiKa ucTpaxueaiba, Eeozpad

ITpM peflyKUnjM MOJiwSfleHa y KomjeHTpoBaHoj cyMnopHoj khccjimhh

(84,6% g. g) y npMcycTBy xnapoxMHOHa ^o6nja ce jeaaH flo6po flecpHHwcaH

Tajiac. ^ncpy3MOHa CTpyja je He3aBncHa ofl BpeiaeHa h KOHU.eHTpau.Hje xnflpo-

xHHOHa a flnpeKTHo je nponopu,noHajiHa KOHU.eHTpau.Hji4 MOjm6fleHa. flBa MaK-

CMMyiaa Koja ce flo6njajy npn peflyKU,MjM Mo(VI) y pacTBopwMa kohu,chtpo-

BaHe cyMnopHe KwcejiMHe cy36njajy ce flOflaTKo.M xM«poxHHOHa ripn neMy

HacTaje floSpo aecpiniucaii Tajiac. KoHU.eHTpau.nja xHApoxHHOHa Mopa ,na &yp,e

flBa nyTa Beha o;i KOHU.eHTpau.Hje MOJiH6fleHa. IlojiyTajiacHH noTeHU.Hja.n, y op,-

Hocy Ha jkhbmhv ejieKTpo,n,y, 3aBncn ofl KOHU.eHTpau.Hje MOJinSaeHa (-0,282 V

3a 2,6.10—3 M m -0,345.10—*M) Kao h ofl KOHueHTpaunje xnapoxHHOHa 03Ha-

MaBajyhw fla MOJiw6fleH y pacTBopy aaje BMiiie ofl jeflHor KOMnjieKCHor je^n-

H»eiba. PeflyKunjOM MOJiM6fleHa flo neTOBajieHTHor cTaw>a ca acKopSHHCKOM

KMcejiMHOM h chums hbein Tajiaca y npwcycTBy xnflpoxHHOHa flo6nja ce hcth

Tajiac Kao m y npwcycTBy caiuo XHflpoxMHOHa.

Ill—8.

CnEKTPOcI>OTOMETPMJCKO MCnMTMBABbE KOMIIJIEKCA

BAKPA M XMflPOXMHOHA y KMCEJIOJ CPEflMHM

fl. C. BECEJIHHOBHB h G. EL. INANI

<t>U3WK.oxeM,uicKu 3aeod Tlpupodno-MaTeMaTUHKOi qbaicyjiTeTa, Beozpad

u MHCTuryr 3a xeMujaca, TexnoAouiKa u MeTaJiypwxa ucrpaxuaan^a, Beoipad

M3 npoiweHe cneKTpoepoTorpaMa ca pH. Job-OBe MeTO^e h npwjiarobeHe

Nach-OBe MeTOfle yTBpljeHo je «a 6aKap h xmapoxhhoh y Kucejioj cpeflMHH

rpa^e KOMnjieKcuo jeflMiteHie ca oahocom KOMnoHeHaTa 1 : 1. OaroBapajyha
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cpopMyjia KOMnjieKca je (CuHQ) + . Ospe^eHa je KOHCTaHTa cTa6mmocTH kom-

njiexca, pK = 7,04, npn joHCKOj janHHM n = O Ha co6Hoj TeMnepaTypw

(18—20°C), Kao h MOJiapHa ancopnTMBHOCT a = 5.63 3a X = 620 nm. y Hey-

TpajiHoj cpeflMHM HacTaje HepacTBopHO KOMnjieKCHO jeflHH>eH»e.

cpM3MHKO-XEMMJCKE BEJIMHMHE 3A CMCTEM

KynpwcyjicUAT-cyMnoPHA kmcejimha-bom. n

C. ■BOP'BEBM'R. M. nJEUIHWR, 3. CTAHKOBM'R h B. flyHbJTR

MHCTuryr 3a fiaxap, Bop u TexHOAOWKo-M.eT(uiyptUKii tpaKyjaer, Eeoipad

3a cucreM KynpHcyjicpaT-cyinnopHa KHcejiMHa-Bo^a oflpebeHH cy: ry-

cniHa, BMCK03iiTeT, cneuwcpMHHa ejieKTpuHHa npoBO^JbHBOcr h HanoH nape

3a HHTepBaji TeMnepaTypa h KOHu.eHTpau.nja KynpwyjKpaTa h cyMnopHe km-

ce.nuHe, kojh oflroBapajy ejieKTpojiMTy 3a ejieKTpojWTHHKy pacpuHaqujy

6aKpa. OrjieflM cy M3BefleHM 3a TeMnepaType 45, 50, 55, 60, 65 m 70°C, aok ce

KOHueHTpai;nja cyMnopHe KMewwHe Kperajia on 1,5 no 2,5M, a KOHU.eHTpaunja

KynpM joHa on 0,5 no 1,0M.

3a rycTMHy g, bhckoshtct ^, h cneu,M(pMHHy ejieKTpnHHy npoBOfljbM-

boct y. 3a 3aBMCHOCT ofl KOHueHTpauwje cyMnopHe KHcejiMHe flo6njeHe cy cjie-

Aehe pejiaujije:

3a 3aBHCHOCT on KOHueHTpauwje KynpM joHa flo6njeHe cy cjieaehe penauMje:

KoecpuqiijeHTH a, b m c kojm ce nojaBJbyjy y jeflHaHMHaiaa 1 no 6 cy Oflpe-

bemi 3a Hanpefl HaBe^eHe TeMnepaType h KOHU.eHTpau.nje KynpM joHa h cyM

nopHe KHcejiMHe MeTOflOM HajMaftMX KBa^paTa h npnKa3aHii cy y oflroBapa-

jyhuM Ta6jini;aMa.

HanoH nape npn KOHCTaHTHoj TeMnepaTypn npaKTHHHO ce He Meita y

nocMaTpaHOM HHTepBajiy KOHueHTpauMja cyMnopHe KHcejiMHe m Kynpii joHa.

flo6njeHH pe3yjiTaTH OMoryhyjy M3pa,ny HOMorpaMa, eKOHOMHHHHje bo-

l>en>e npou,eca ejieKTpojiMTMHKe pacpimaunje. eraaKTHHje npopanyHe npii npo-

jeKTOBaH,y hobhx nocTpojeH>a 3a ejieKTpojiMTMHKy pacpMHauMjy, Kao m fleTajt.-

HHjy aHajin3y cpM3H4KoxeMMjcKMX ocoSHHa OBora ciicTeMa, a raMe KOHueii-

TpoBaHHX pacTBopa ejieKTpojiHTa yontuTe.

in—9.

p = a + b • Ch2so4

7) = a + b • Ch2so« 4 c ■ Ch2so4

x = a + b ■ Ch2so4 + c ■ Ch2so4

(1)

(2)

(3)

p = a-^rb- CCu2+

7) = a + b • CcU2+

x = a + b ■ Ccu?+ + c ■ CcU2+

(4)

(5)

(6)

4'
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III—10.

EMMCMOHM EJIEKTPOHCKM CnEKTAP 12C180+ MOJIEKyJIA.

I HErATMBHM CMCTEM

J. JAHbHH, fl. HEUIMr& m fl. JAHKOBPTB.

TexHOJiouiKu (fiaKyATer, Hobu Cad u Mncrwryr 3a nyKAeapne nayrce

„Bopuc Kudpun", Bunna

M3MepeH je I HeraTHBHH chctcm 1SC'8+ MOJienyjia y oSjiacTM ofl 2080-

3200 A. CneKTap je eKcn.HTnpaH y ueBii 3a npaaffteibe ca rpacpKTHOM u,hjimh-

APhhhom KaTOflOM Koja je caopxcajia CMeiuiy l8C180 m xejiMjyMa. CneKTap je

CHMMJbeH Ha 6 m Ebert-OBOM flMCppaKOMOHOM cneKTorpacpy. JfoMepeHO je H30-

TponCKO noniepaifce m H3panyHaTe ocu,njiaTopHe KOHCTaHTe, HMMe je noTBp-

beHa paHMja npeTnocTaBKa fla je CO eMHTep HcnHTHBaHMX Tpaxa.

in—ii.

BMEPAIJMJCKIl CnEKTPM AflyKATA HEKMX TPMXAJIOrE-

HMflA EJIEMEHATA nETE TJIABHE BEPTMKAJIE nEPMOfl-

HOr CMCTEMA CA TPMcI>EHMJIcI>OC*MH OKCM£OM

M TPMOEHMJIAPCMH OKCMflOM

A- XAUM h C. MHJIM'REB

Oddelek za kemijo, Fakulteta za naravoslovje in tehnologijo, Ljubljana

H30JioBaHM cy McwieKyjicKH a^yKTM hckhx TpHxajioreHHfla ejieMeHaTa

neTe rjiaBHe BepTMKajie nepiioflHor cwcTeina ca opraHCKHM oKco-6a3aMa tpm-

CpeHHJHpOCCpHH OKCHflOM H TpM(J)eHHJiapCMH OKCMflOM. CHMMJbeHH Cy paiaaHCKM

m MHC^paiipBeHM cneKTpw ofl 70 cm—1 ao 4000 cm—1. IIoKa3aHO je, M3 npoMeHa

y BajieHU,njcKMM Bn6pannjaMa OKCo-rpyna, fla flo KOMn.neKcau.nje flojia3H npe-

ko KMceoHMKa 0KC0-6a3e. M3 nojaBe hobhx Tpaica y cneKTpy, npHnwcaHnx

Bn6pau.Hjn KHceoHHK-ejieMeHaT neTe BepraKajie, Kao m W3 nposjeHa y cneKTpy

caiaor TpwxajioreHHfla, H3BefleHM cy m3bcchh 3aKJbyHUM o pejiaTMBHOj jannHH

Me^yMOJieKy^icKe Be3e h o o6jinKy flecpopiviauMje flo Koje flOJia3n y MOJienyjiy

TpMxaJioreHMfla npnjiMKOM CTBapaH>a aayKTa.

Ill—12.

BMBPAU.MOHA AHAJIM3A no HOPMAJIHMM KOOPflMHA-

TAMA 3A BMBPAUMJE y PABHM flMMEPA

TPMXJIOPCMPTlETHE KMCEJMHE

fl. XAUM, M. OBPAflOBOTR, n. TPAMnyjK vt J. KMflPHH

JfucTUTyr „Eopuc Kudpun", Jby6jbaua

Bn6pau.noHa aHaJiH3a no HopMajiHHM KoopflHHaTaMa EpmeHa je Ha ochobj-

Wilson-OBe GF MaTpuniie MeTO/ie (1, 2) m M(wi<pnKOBaHor Urey-Bradley-eBor

noTeHnnjaJiHor nojba (3).
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CmiMJbeHH cy m aHajiH30BaHM HHCppaupBeHH u Raman-OBM cneKTpw pyi-

Mepa TpMxjiopcwpheTHe KMcejiHHe m iteHor fleyTepMcaHor aHajiora.

M3paHyHaBaH>e BH6pau.MOHHx cppeKBeHUM, Kao h KOHeraHTM cmia BpmeHO

je Ha IBM 1130 panyHapy y3 ynoTpe6y MO«M(pMKOBaHor Schachtschneider-OBOr

nporpaMa. Tanobe je n3panyHaTa m pacno^ejia noTeHUHjajme eHeprwje no cm-

MeTpujcKHM KoopflMHaTaMa uito hsm je, ca jeflHe CTpaHe aajio yBMfl y mo-

ryhHOCTii Meinan>a H3Mei)y pa3JiHHHTHX cppeKBeiniH, a ca APyre CTpaHe flajio

noTBpay acwrHamije cneKTapa.

KoHCTaHTOBaHo je oajihhho cjiaraite H3Mel)y napaHymaTux h excnepH-

MeHTajiHHx dppeKBeHUM. IIpoceHHa npoueHTHa rpeiiuca 3a 40 nocMaTpaHMX

CppeKBeHU,H M3H0CM caMO 1.0.°/o.

TaKo^e je H3BpiueHa aJiaHM3a H3paHyHaTMX KOHCTaHTH cmia Kao h yno-

pel>HBaH>e hcthx ca npeTxoAHO M3panyHaTMM KOHCTanTaina 3a MOHOMep tpm-

xjiopcMpheTHe KHceJiHHe.

1 E. B. Wilson, J. Cham. Phys., 7, 1MT 0939)

' I. B. WOton, J. Chem. Phys., 9, 97 (1941)
> T. Shlmanouchl, J. Chem. Phys., 17, 245 (1949)

in—13.

yTMIJAJ PE^CMMA CMHTEPOBAH>A HA c^JiyOPECUEHTHE

CIIEKTPE JiyMMHECHEHTHMX MATEPMJAJIA HA EA3M

3EMHOAJIKAJIHMX CyJI^MflA M CyJIcJpATA

fl. "BOFBEBJfR, K. HMKOJIWB. m H. nETPOBUR

npoynaBaH je yTnn,aj TeninepaType m BpenieHa CMHTepoBaH>a Ha eHeprajy

cp.nyopecueHTHOr 3paHeH»a Tpw jiyMMHOcpopa Ha 6a3w CMeme 3eMHoajiKajiHHx

cyjid)nfla h cyjidpaTa. IIpBH jiyMHHOcpop 6mo je 6e3 npwMece jiaHTaroifla, a y

apyra flBa je flH(py3njoM yrpa^eHa y KpncTajmy pemeTKy ochobhc Mace eKBM-

Bajienma KOJiMHUHa eyponnjyMa m npa3eoflnjyMa. TeMnepaTypa CMHTepoBaita

Bapwpajia je y oncery oa 650—750°C, a Bpeiue cwHTepoBaiba m3hocmjio je 5 AO

30 MimyTa.

m—14.

nPOyHABAHjE CTEnEHA TEPMMHKOr PA3JIArAH>A

CMEIIIE KAJIHMjyM KAPEOHAT — CTPOHHMjyM

KAPEOHAT y nPOTOHHOM CMCTEMy

H. IIETPOBWR, R. 'BOP'BEBirR h A. CTE<X>AHOBH1a

IIpw TepMMMKOM pa3JiaraH>y ciaeuie KajnrnjyM Kap6oHaT-CTpoHn.njyM

KapooHaT, y npoTOHHOM CHCTeMy, yoHMJiH cmo nojaBy noBehaita CTeneHa pa-

3JiaraH>a y oflHOcy Ha creneH pa3Jiaratt»a, KojH ce npH hcthm ycjiOBHMa

ocTBapyje koa HHCror KajiuwjyM Kap6oHaTa oahocho MHCTOr CTpoHUHjyM Kap-

6oHaTa. McnuTHBaHa je CMeuia oa 4 Tent, flena CTpoHu.njyM Kap6oHaTa h 1 tcjk.

A&na KaminjyM Kap6oHaTa, y oncery TeianepaType oa 650—1100°C, tokom

BpeMona oa 5 ao 90 MHHyta.
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III—15.

yTMUAJ PETKMX 3EMAJBA HA 4>JiyOPECU,EHTHE CnEKTPE

JiyMMHO*OPA HA EA3H CMEIIIE CyjIOMflA

H CyJI*ATA 3EMHOAJIKAJIHHX METAJIA

H. B. nETPOBITE K. M. HHKOJIJTR m fl. IT. "BOFBEBPTR

y obom pa«y npoynaBaH je yTHijaj npncycTBa eKBimajieHTHnx KOJiMHHHa

neT peTKMX 3eMa.T»a Ha cpjiyopecueHTHe cneKTpe jiyMMHecueHTHux MaTeptijajia

Ha 6a3M CMeuie cyjitpMfla h cyjicpaTa w cyjKpaTa 3eMHoajiKa.ninx Merana.

yTBp))eHa je 3;ibhchoct cneKTpajiHe pacnoaejie or BptTe npwMece n oflpebemi

cy nojiOHtajH MaKCMMyMa MHTeH3HTeTa cpJiyopecueHuwje 3a iiiecr cpoccpopa.



IV. METAJiyPrHJA

IV—1.

EKCnEPMMEHTAJIHA MCTPA2KMBAHjA M IIPAKTMHHA

PEAJIM3ADiMJA IIPEPAflE 2KI1BMHE PyflE

„inynjLA cteha" abajia

M. OIAOM'E, fl. ByHyPOBMTk M H. VLJ1WR

TexHOJiowKO-MeTcuiypuiKu (paKyATer, Beozpad

y pafly je iraJioxeH nperjiefl jia6opaTopnjcicnx m yBehaHHX jia6opaTO-

pMjcioix MCTpajKMBaita Ha npoSjieiay npepa^e HCMBHHe pyfle, jioKajiMTeTa

„IIIynn>a CTeHa", ABajia. Ha 6a3H nocTMrHyTMX pe3yjiTaTa ycBojeHa je TexHO-

jioixiKa meMa npepafle py«e, flaTa KOHqenqnja 3a M3rpaflH>y m M3rpabeH0

nocTpojeifce 3a flo6njaHbe atHBe va pyfle. nocTpojeite je nyuiTeHO y noroH.

IV—2.

KOHLIEHTPALIMJA MHflMJyMA y PACTBOPy

EKCTPAKIJJIJOM OPrAHCKMM PACTBAPAHMMA

B. 'ByPKOBM'R m R. CHHAflHHOBJfR

y paay cy npnica3aHH pe3yjiTaTn ncnMTHBaK>a KOHU.eHTpau.nje WHHflMjyMa

y CMpoMauiHMM pacTBopHina, eKCTpaKqHjOM eTMJiecTpoM 6eH3oeBe KHcejiHHe

m flMeTHjixeKCMji (poccpopHOM KwcejiMHOM. PacTBop Kojn je KopnmheH 3a KOH-

ueHTpauwjy HHflMjyMa flo6nBeH je jiyacefteM Myjfaa ofl ejieKTpojiH3e uwHKa.

McmiTaH je onTHMajiaH o,hhoc cpa3a npH eKCTpaKu,njn, BpeMe Meuiaiba m pa-

cjiojaBafta cpa3a, Kao m onraMajiaH oflHoc <pa3a npw peeKCTpaKUMjw HHflwjyMa

M3 opraHCxe (pa3e. PeecTpaKuwja je M3BobeHa 6—9N cohom khccjihhom. Pe-

3y^TaTM ncnMTMBaH>a noKa3yjy fla ce eKCTpaKUMjoM eTMJiecTpoM 6eH3oese kh-

cejiHHe nocTHxe HajBehe o6oraheH>e pacTBOpa MHflwjyMOM 3a 80 nyTa, «ok npw

KopmuheHby flneTHJixeKCMJi (poccpopHe Kiicejinne Kao eKCTpaKUMOHor cpeflCTBa,

nocTMxe ce ereneH KOHueHTpaunje ofl 600 flo 800 nyTa. McKopHiuheiie MeTajia

npM eKCTpaKqwjM m peeKCTpaKUHjH je BeoMa bhcoko (90—95°/o).

PacTBop flo6nBeH o6orahnBaH.eM MHflMjyMa npouecoM eKCTpaKquje ca

AneTHnxeKcun (poccpopHOM KwcejiMHOM Morae fla ce kopmcth 3a flwpeKTHO

M3ABajaH>e iiHflwjyMa.
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IV—3.

UEBHM PEAKTOP M Jiy2KEH>E EOKCMTA EAJEPOBHM

iipou;ecom y H>EMy

C. MAPKOBM-H — P. BPAHAP

MTMC Eeozpad u TexHOJiouiKO-M.eTOJiypvj.Ku 0OKyjircr, Eeozpad

y HOBMje Bpeiae BajepoB npou.ec jiy3Ken>a 6oKCMTa y uenniiM peaKToproua

CBe Bume npMBJiaHM naJKH>y. flo ca^a CTeneHa Jia6opaTopnjcica HCKycTBa yica-

3yjy npeMa jiHTepaTypHHM noaauMMa fla ce obskbiim HawiHOM M3Bol)eHoa pa-

AHKajiHO Meaajy noKa3aTejbw nponeca. y paay je flaT ocbpt Ha 3aKOHHTOCTH

H>eroBor oflBnjaH>a n n3jiojKCHe KapaKTepHCTHKe pemeH>a h pasa jiaSopaTO-

pnjcKor peaKTopa M3BeAenor y HTMC-y Eeorpaa.

IV—4.

^OEMJAHjE *EPO-CMJIMKO-AJiyMMHMJyMA

EJIEKTPOTEPMMHKOM PEflyKD,MJOM EEJIOr EOKCMTA

■B. UBETAHOBWR

Mhctutvt 3a TexnoAOiujy nyKjieapnux u dpyzux MUHepaJinux eupoauHa,

Eeozpad

M3BpmeHM cy onwTH ejieKTpoManiHHCKe peayKqiije 6ejior 6oKCMTa y na-

CTpaTopujCKoj MOHMpaaHoj JiyHHOj nehn. ,Ho6njeHH pe3yjiTaTH yica3yjy fla ce

H3 Sejior 6oKCMTa MOJKe ao6mtm Al-Si-Ti cpepo-jierypa, Koja ce uoxe yno-

Tpe6HTH Kao KOMnjieKCHM fle30KCM«aTop y npon3BO/«*.M nejiMKa. IIocTynaK ce

Moste CMaTpaTM ckohommhhmm, jep 3axTeBa Mait>H yTpouiaK eneKTpHHHe eHep-

rnje no jeflMHMqn aJiyMMHHjyMa caapjKaHoj y jierypii y oflHocy Ha yTpoiueHy

eHeprnjy npH ejieKTpojiH3M rjiiiHHue.

IV—5.

npwjior npoyHABAH>y iipoijeca xjiopobah>a, hmkjicm-

JIMKATA M MOryRHOCTM KbErOBE MHTEH3M*MKAU;MJE,

TACOBMTMM XJIOPOM

fl. BynypoBiTH h m. hjiitr

TexHOAOtiiKo-MeTaJiypuiKu qZaKyJireT, Eeozpad

Hhkji ce y hmkjiohochhm wejie3H0-CHJiMKaTHHM pyflaiwa, Koje caapxce

AO l°/o HHKJia npeTewHo jaBJba Be3aH y bhav CHJiiucaTa, Taico aa H3BeAeHa

McnMTMBafta 3aKOHHTOCTn noHaiuaH>a HMKJi-cmiMKaTa npeMa racoBMTOM xjiopy
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HMajy nopefl TeopercKor m oflpebeHW npaKTHHHM 3Hanaj. Ochm Tora y pa^y

cy flara m pe3yjiTaTH ncnwTHBaH>a MoryhHOCTM nHTeH3n4>mcauHje npoueca xjio-

poBaita HUKJi-cMjiMKaTa. Ha 6a3H M3BeaeHHx ncnnTMBaH>a w carjieaaBaH>eM

KMHeTMKe npoqeca, flaTe cy 3aKOHMTOCTM nonamaifca HHKJi-cmiHKaTa npeMa

racoBMTOM xjiopy, 3a KopwiuheHe paflae yoiOBe.

IV—6.

TOnJLEH>E HMKJIOHOCHHX 2KEJBE3HMX PyflA

B. T. JIOrOMEPAU.

TexHOAcmiKu (paKyjvret CeeynuAUuiTa y 3avpe6y, MeraAypvuKu odjeji CucaK

HaKOfl yBOfla o MoryhHOCTMMa npepafle jyrocjiOBeHCKMX hmkjiohochhx

xejbe3HMx pyaa, jjaje ce npnKa3 npaKTMHHMx paflOBa Ha h>mxobom Tombeity

y ejieKTpo- m y bmcokoj nehw, BpmeHMx y Hauioj 3eMJbH.

Onnc HaHMHa Torubeita tmx pyfla, ca pa3HHx Hajia3miiTa y Te flBnje

BpcTe arperaTa, ca cbhm noTpe6HMM noKa3aTeji>MMa pa^a, flao Has* je npewiefl

MoryhHOCTM Bapujauiija pa#a m MoryhHocT oujeHe KBajiMTera npoflyKTa, Te

OiyeHy eKOHOMMHHOCTM.

063mpom Ha pejiaTHBHO MajieHe MoryhHOCTM flHpeKTHor KopniiiheH>a npo-

JOBefleHor KBajiMTeTa Hcejbe3a y Hauioj 3eMjbM, nwTaibe MCKopMiiiTaBaH>a jy-

rocaoBeHCKMx hmkjiohochhx jKejbe3HHx pyfla ocTaje m flajte BejiHK h jom

HepHjeiueH npo6jieni.

IV—7.

YTMHAJ OKCMflAHMOHE TACHE *A3E HA MOryRHOCT

yKJIAH>AH>A CyMnOPA M3 CMCTEMA TBO^CBE-TPOCKA

H. TAKOBITE, Jh. HEflEJbKOBJTB., n. BOrOCABJbEBM'B. h A. HABWR

TexHOJiowKO-MercuiypuiKu (paKyATer, Beoipad u MHCniTyr 30 xejuujCKa,

rexnoAoviKa u MeraAypuiKa ucrpaoicuBatba, Beozpad

JIa6opaTopMjcKa McriMTMBaita noKa3yjy jja ce peaKijHja npeBOljeifca cyM-

nopa H3 rBoscija Kpos neyrpajiHy TpocKy BHCOKonehHor Tuna OflBMja 6e3

CMeTHaM Ha 1400°C. flaTH cy MaTepnjajiHH SnjiaHCM cyianopa 3a HM3 McnHTMBa-

n>a h flMCKyTOBaHM cy na 6a3H MexaHM3Ma peaKipije npejiacKa cyinnopa H3

rBoxcba y TpocKy m H3 BHCOKonehHe TpocKe y rac Moryhw kohtpojihh cpaKTopw

6p3iiHe cjioJKeHe peaKu,nje npeBobeita cyMnopa H3 i-BOx^a Kpo3 TpocKy y

OKCHflaqMOHy racHy cpa3y.
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IV—8.

yTMIJAJ nOCTynKA flE30KCMflAU.WJE M PE2KMMA 3ArPM-

JABAHjA MHrOTA HA TEXHOJIOHIKy IIJIACTHHHOCT

HEJIMKA C.1190

B. nETPOBMTi V 7K. CTEOAHOBWB.

PydapcKO-MeTdAypuiKu (paKyATer, Eop u CMK PKo/beaape „Bopuc Kudpun",

HuKiuuh

McnMTaHM cy y3pou,H HMCKor n3BaTKa rpeamja npn BaJtaH>y HHroTa ne-

jiMKa C.1190 (0,06—0,12°/o C; 0,10—0,40 Si; 0,50—0,90°/o Mn; 018—0,26% S), Kao

m ymqaj pejKMMa 3arpnjaBaH>a imroTa h fle30Kcnflau.wje ca BehoM kojihhmhom

ajiyMMHMjyiaa Ha TexHOJiouiKy njiaernHHOCT, h yTBp^eHO je cneflehe:

1) HH3aK M3Ba«aK rpeflaqa, Kojw je ocTBapi-iBaH npii «e30Kcnaau.HjH ne-

jiMKa ca 4 kp/t cpepocKJinu,HjyMa (75°/o) m 1 kp/t ajiyMHHHjyMa, nocne;nma je

HeyjeflHaneHor CTeneHa fle30KCHflau,Hje;

2) flyjKe 3a«pHtaBaH>e MHroTa Ha TeiunepaTypH 3arpwjaBaH>a CMaityje

kptoct nejiMKa npn Bajbaiby;

3) npn fle30KCHflaqMjM ca 1,5 kp/t ajiyMHHMjysja h 2 kp/t cpepocHJinu.n-

jyiua (75 °/o) nocTHrae ce yjeflHaneH m flOBOjfaHO bhcok CTeneH ,ae30KCHflau,Hje

m 3afl0B0jfaaBajyha TexHOJiomKa nJiacTMHHOcr;

4) noBehaH caspacaj ajiyMMHMjyMa y nejiMKy flo 0,04°/o, npH onTHMajiHOM

CTeneny cyjicpwflHHx yKjbynaKa, He CMaH>yje cnoco6HOCT oCpa^e nejiHKa Ha

ayTOMaTMMa.

IV—9.

IIPMJIArO'BABAHjE NEMA-TECTA 3A OUEHy

CnOCOBHOCTM 5KAPEH>A EE3KMCEOHMHHOr EAKPA

M. nEIIIMTi, C. TOflOPOBHTk, B. MMJIEHKOBWH h M. JOBAHOBHTi.

TexHOJiouiKO-MeraJiypiuKu (paKyATer, Beotpad

y npBOM flejiy pa^a onwcaH je opnrnHaJiHM NEMA-TecT, Kao MeToaa 3a

ncnwTMBaH>e OMeKiuaBatba jiax scwqe y npoqecy jiaKupaifea. McTa oBa Mei-o^a

je MCKopniiiheHa npBH nyT Kao MoryhHOCT ou.eH>HBaH,a cnocoBHOCTti jKapen>a

Koa >KHi;e op, 6e3KMceoHHHHor 6aKpa, Kao KOHTpojiHa MeTOfla 0flpebnBaH>a KBa-

jiMTeTa wirebara no mapxaMa. y HacTaBKy pa#a npnKa3aHH cy ft npBH

eKcnepHMeHTajiHH pe3yjiTaTn npHMeHe OBe MeTOfle 3a ou,eHy cnoco6HOCTn

»capeH>a 6e3KnceoHMHHor 6aKpa, npn neMy cy BpuieHa ii ynopeflHa oflpebw-

BaHba MexaHMHKMx KapaKTepwerHKa. McrmTHBaita cy ooyxBaTwia pa3JiMMHTe

CTeneHe xjiaflHe ,ne4)opMau.Mje y oncery ojs, 84 ro 99°/o xjiaflHor M3BJiaHeH,a

<5e3KnceoHHHHor 6aKpa, o63npoM «a je OBaj flnjana30H fleo>opMau.nja Ofl no-

«e6HOr TexHOJioiuKor MHTepeca.
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IV—10.

yTJUJAJ OJIOBA y BE3KMCEOHMHHOM BAKPy

HA TEMnEPATyPy PEKPMCTAJIM3AIJ;MJE

C. TOflOPOBM-R

Mndycrpuja natAoea, Ceerosapeeo

YTMuaj ojiOBa y ETP 6aKpy Ha TemnepaTypy peKpncTa.jiH3au,Hje je bpjio

MajiM, a bpjio 3HanajaH koa 6e3KnceoHHHHor Oaxpa. OBaj pafl nocBeheH je

tom npo6jieMy. IIoce6He TeuiKohe HacTajy ca xcapetfceM 6aKapHe ranu.e ejieK-

TpOTpOnHHM HaHMHOM y JIMHMjM Ca KOHTHHyHpaHHM H3BJiaHeH>eM, y qMJty flO-

6njaH>a MeKe xcuu,e, koa caapwaja oapebeHHX KOHU.eHTpau.nja ojiOBa y 6e3-

KnceoHMHHOM SaKpy. IIojaBe Be3aHe 3a Ao6njaH>e HeoflHcapeHe 3KHu,e ycjioBMJie

cy MMTaB HM3 HcnMTMBaH>a y tom flOMeHy. JeflaH ofl ecpeKaTa cbhx tmx wcnw-

TiiBaH>a yTHuaja Ha peKpHCTajiraauHjy 6e3KMceoHMHHor Saxpa, 6ho je h

yTBpljMBaHje TeMnepaType peKpwcTa.nH3au.Hje, Kao m M3pafla flujarpaivia peKpw-

eraJin3aqnje 3a pa3JiMHMTe KOHueHTpau,wje ojiosa y 6e3KMceoHHHHOM SaKpy.

Obo n3JiaraHie 6nhe Be3aHO 3a caM nocTynaK oko M36opa pa3JiMHHTwx koh-

neHTpaqnja ojiOBa y Baxpy, 3a MeTOfle HcnnTHBaB>a, aHajirae pe3yjiTaTa h

HHTepnpeTaqHje flnjarpaMa peKpncTajiH3auMje.

IV—11.

yTMIlAJ *AKTOPA OEJIMKA HA TOK 2KAPEIBA Al JIMMOBA

M. nEUIWH, C. BHJIWR, H. BOPOHIJOB m B. MMJIEHKOBMH

TexHOAOuiKO-MeTaAypuiKu cfxncyATeT, Beoipad

y npouecy 3aBpuiHor scapetba ajiyMMHMjyMCKMX jiHMOBa, nopefl yonoBa

jKapetba Ha tok npou.eca xcapetba m oco6nHe raapeHHx jMMOBa 3HaTaH yTHnaj

iuwa h cpaKTop o6jiHKa. IIpM OBOMe ce non, cpaKTopoM o6jinKa noapa3yMeBa

3aBHCHOCT npoueca npeTxoaHe flecpopMauwje m ocodMHa aeo^opMauHjoM otbpa-

nyTor jiHMa Ofl nojia3He m 3aBpuiHe fle6jbHHe, Koja ce pecpjieKTyje n Ha oco-

6wHe JiHMa nocjie HtapeH>a. y paay cy npnKa3ami eKcnepHMeHTajiHM pe3yjiTaTn

McnMTMBaH>a yTHuaja cpaKTopa o6nnKa Ha MexamiiKe oco6nHe h tok npoueca

jKapeita jiMMOBa y oncery «e6jbHHa 0,3—0,05 mm. M3 hctmx npon3Hna3H fla

ca nopacTOM 3aBpnme aefijunie JiHMa onafla TeMnepaTypa MeKor jKapeiia y

^ecpiiHiicaHOM oncery npeTxoflHe xjiaflHe flecpopMauHje. Kofl onpefreHor oflHoca

BejiHHHHe xaaflHe flecpopMaunje h 3aBptuHe fle6.ji.MHe JiHMa TeiiiKO je ocTBa-

Phtm noTnyHO OMeKiuaBaite MeTajia y npou,ecy jKapetta, o63HpoM fla Bpefl-

hoctm inexaHHHKHx oco6HHa ocTajy y flOMeHy nojeflHHMx OTBpflHyTiix cTai-ba.



V. TEKCTHJIHA XEMHJA H TEXHOJIOrHJA

V—1.

IIPOyHABAH>E MOrYTiHOCTM nPMMEHE XEMMJCKMX

ArEHCA KAO flETEKTOPA nPOMEHA y CTPYKTyPM

nOJIMKAnPOAMM^HMX BJIAKAHA

P. JOBAHOBITE k H. CJIABEJKOB

TexHOAoiuKo-MeTdAypwu (paKyATer, Eeozpad

Kao uito je n03naT0 cpa3a MCTe3aH>a je je^Ha 03 Haj3HaHajHMjMX cpa™

y npoHSBO/iHbM no^MaMMflHMX BJiaKQHa, npn Kojoj flOJia3M flo BejiMKMX rrpoHeHa

y cTpyKTypw h ocoGiiHaMa BJiaicaHa. 3a McnHTMBaite npoMeHa y CTpyKTypw

yrjiaBHOM ce KopwcTe Merofle crpvKTypHe aHa.nn3e Koje 3axreBajy CKynoqeHy

onpeniy m mhoto BpeMeHa 3a npwipeMy y3opaKa. M3 obmx paanora Kao npefl-

Mer Haiuer pa^a 6mjio je H3yMaBaH»e MoryhHoerw npiiMene yo6nHajeHnx xe-

mmjckhx areHaca Ha aeTeicmijy npoMeHa y CTpyKTypn nojimcanpoaMimHHX

BJiaKana p,o nojnx flOjia3n y TOKy MCTe3aH>a,

McnMTHBaibe je n3BefleHo Ha Suprolenu — BJiaKHy npoH3BefleHOM y Mh-

aycTpiijn CMHTeTMMKMX BJiaicaHa „IIporpec" y IIpH3peHy, no KOHTHHyajiHOM

npouecy npon3BOfljfce,

IlapTHje cBewe cpopMMpaHHX BJiaicaHa ca pa3JiHMHTHM caspwajeM hmcko-

MOJiexyjicKHx cppaKinija M3JiaraHe cy pa3JiHHHTOM BpeMeHy KOHflimnoHMpan>a

a 3aTUM ncTe3aita Ha pa3JiMHjrrMM TeiunepaTypaMa y pa3HHM crreneHMMa HCTe-

3a>ba. Kao xeMiijcKH areHCM KopwiiiheHe cy HeKe opraHcxe m HeopraHCKe

KucejiHHe, Kao h Hexa flpyra opraHcxa jeflHH>en>a. y™u,aj obmx peaKTHBa Ha

BJiaKHo npaheH je mukpockoiickhm nyTeM m peracTpoBaH Ha cpujiMy.

V—2.

yTMtlAJ nAPAMETAPA MCTE3AH>A HA OPMJEHTMCAHOCT

nOJIMKAnPOAMM^HMX BJIAKAHA

P. JOBAHOBWR, T. CJIABEJKOB k A. JiyHWR

HncTUTyT 3a xeMujcKa, rexHOAouiKa u MeraAypniKa ucrpaxiiBatba, Eeozpad

u „IIpozpec" — Mndycrpuja cunreTUHKux BAaKuna, TIpu3pen

McnMTMBaH je yTMuaj npeflMCTopMje BJiaKHa, caflpraaj HMCKOMOJieKyjicKiix

cppaKi;nja m BpeMeHa KOHflnu.noHnpaH>a, Ha noHamaibe npn ncTe3an.y noJiH-

KanpoaMMflHHx BJiaKaHa. Or napaiaeTapa npoueca HCTe3att.a Bapnpami cy

CTeneH m TeiwnepaTypa MCTe3aH,a y 3aBMCHocrn on npeancTopuje BJiaKiia.
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McroiTMEan>a cy M3BefleHa Ha Supralenu — HOMaheia noJiwaMMflHOM

BJiaitHy npojMBefleHOM y Mh^jxtphjh chhtctimkmx BjiaKana „Hporpec" y

TIpn3peHy no KOHTMHyajiHOM npoijecy npoM3Boaifce.

Kao noKa3aTejb npoceMHe opnjeHTMcaHOCTH aniopcpHnx m KpHCTajiHHX

noflpyqja, oflpebHBaHO je aoboji>ho npejiaMaite — npwMeHOM MHTep(pepeHU.HO-

He Merofle.

V—3.

KAJIEMJLEHjE byhe bmhmjihmm mohomepmma

P. JOBAHOBHTi

TexHo.iowKo-MeTaJiypuiKU cpatcyATer, Eeozpad

npoynaBaH je ynmaj napaineTapa peaKu,wje KajieMJi>eH>a (TeMnepaType,

BpeMeHa m KOHueHTpauHje MOHOMepa) Ha 6p3MHy m CTeneH KajieMjbeifca HeKMX

bmhmjihmx MOHOMepa Ha ByHy pa3Hor KBajwrreTa.

Kao MHjmwjaTopH peaicuMje KaJieMJbeita KopMiuheHM cy, nepcyjitpam, bo-

flOHWcnepoKCMfl cpepo cojim, boaohmk nepoKCHfl m flpyra jej;HH>eH>a. KaJieMJbe-

H.e je H3B0beH0 y boachmm pacTBopHMa y mjim 6e3 npwcycTBa cpejjCTaBa 3a

6y6peit»e ByHe y 3auiTMTH0j aTMOCCpepM.

Kao KpMTepMjyMM npoMeHa y ByHM «o kojhx aojia3M nop, yTMijajeM

cpeflCTaBa 3a MHMU,MpaH>e peaKUMje mjim flpyrMX flOflaTaica m ca,npjKaja iiojih-

Mepa y BJiaKHy y3MMaHe cy npoMeHe y hckhm cpH3MKO-MexaHMHKMM oco6m-

HaMa 6y6peita m pacTBopjbHBOCTH y hckmm xeMMjcKMM areHCMMa.

On TecTOBa pacTBopjbMBOCTii Kao KpMTepMjyMM npoMeHa KopwiuheHM cy

pacTBop^MBOCT y ypea6Mcyji(pyjiMTy m nepMpaBjboj khccjimhm.

IloKa3ajio ce M3Mei)y CTeneHa KajieMJben.a ByHe m TecTOBa pacTBopjfaM-

boctm nocTojM Oflpel)eHa Kopejiainija Koja ce Moxte M3pa3MTM (popMyjiOM

RA = a(l-e—bt) rfle je — npou.eHT.yajiHO CMaifceite pacTBopjfaMBocTM; o —

napaMeTap KojM 3aBMCH oa BpcTe MOHOMepa; b — napaMeTap KojM 3aBMCM on

yenoBa peaKqMje; t — BpeMe KajieMjtefba.



VI. KEPAMHKA

VI—1.

AOriPMHOC n03HABAH>y TEHE3E TMnCHOr KAMEHA

C. CTOJA#MHOBM*B.

TpaJjeeMKCxu (parcyATeT, Capajeao

riocToje tph Teopiije o reHe3M nincHor Kn.veHa. 3a cTpyKTypHy KapaK-

Tepn3auiijy pa3JiHHHTHx Bpera nincHor Kaiiena KopucTHJia caM flHcpepeHuii-

jajiHe — TepMMMKe aHajnne, peHflreHCKe aHajiM3e Kao m MMKpocKoncKa Menu-

TiiBatba.

VI—2.

nPMMEHA BEJIOr TYOA y IJEMEHTHOJ MHAyCTPMJM

n. CAnyHOB, m. matkajimeba m b. iiabjiobckh

TexHOAomKO-MeTaAypiuKu cpaKy.neT, Cuonje

M3Mel5y mhohix ByjiKaHCKMX nojaBa Ha noapywjy CP MaxeflowMje no-

ce6ny na?KH.y npMBJianM je,nHa aocra 3acTynjteHa nojaBa 6ejior Tycpa H3:

OKOJiHHe IIlTMna m to Kao MaTepnjaji — aKTMBHii ^oflaTaK nopTjiaHfl u,eMeHTa.

y tom u,njby M3BpuieHa cy McniiTHBaH>a OBor Gejior Tycpa m ao6njeHH

cy pe3yjiTaTM Kojw noKa3yjy «a mctm npeflCTaBJta nyqoJiaHCKn MaTepujaji.

floKa3aHo je «a oBaj 6ejin Tycp, Kojn je CKopo hmct ainopcpHH SiOs HMa

ii3pa3iiTa nyqojiaHCKa cBojcTBa h Kao TanaB je noroflaH Kao aKTMBaH floaa-

TaK nopTJiaHfl u,eMeHTy.

M3Bpmena cy w u.ejioKynHa McnHTMBaiba qeineHTa KojHMa je flOflaTO ofl

5 ao 80°/o Sejior Tycpa. HaBefleHa ncnnTHH>a cy flajia no3MTMBHe pe3yjiTaTe.

Ynopeflo ca flpyrMM McnnTHBan.MMa npaheH je m yTHu,aj 6ejior Tycpa Ha.

xiiflpaTai;MOHy TonjioTy ueiaeHTa.
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I. ANALYTICAL CHEMISTRY

I—l.

SPECTROMETRY DETERMINATION OF 15 TRACE ELEMENTS

IN HIGH PURITY COPPER

S. VUKOTIC

Anaconda Research & Technical Center, Waterbury (USA)

A method for the determination of B, S, Se, Te, Ag, Zn, Cd, Hg, Sn, Pb,

Ni, P, As, Sb, and Bi in the range of 1 to 15 ppm in "BdCu" high purity

copper has been developed. Copper standards containing 1, 2, 5, 10 and 20 ppm

of these elements are prepared by a special method and their calibration

curves are determined. Standard deviation for each particular element is

around 4°/o.

1—2.

THE QUANTITATIVE X-RAY DIFFRACTION ANALYSIS

OF BAUXITE

J. MISOVIC and LJ. FOTIC

Faculty of Technology and Metallurgy, University of Beograd, and Institute

of Chemistry, Technology and Metallurgy, Beograd

Quantitative mineralogical composition of bauxites was investigated by

X-Ray diffraction, yielding the curves of the diffracted radiation intensity

against component concentrations. The curves are considered in the light of

the Alexander and Klug absorption theory, and the sedimentation theory.

The standard curves obtained with the equation given by Alexander and

Klug were coincident in the case of qualitatively the same bauxites. The

sedimentation theory could not be applied because it was only developed and

verified on systems whose constituents possessed close absorption coefficients

but very different specific gravities, while the boehmite-gibbsite system in

vestigated shows great differences in the absorption coefficients of constitu

ents but close specific gravities.

5
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1—3.

SPECTROPHOTOMETRY DETERMINATION OF DIMETHYL

SULPHOXIDE

Z. L DIZDAR and Z. IDAKOVIC

Boris Kidric Institute of Nuclear Sciences, Vinfa

A spectrophotometric method for determination of milligram quantities

of dimethyl sulphoxide in aqueous solutions has been developed. The method

is based on the effect of the sulphoxide on the absorption spectrum of iron

(Ill)-chloride in aqueous solutions. Sensitivity of the method is small, but the

accuracy in the milligram region is quite satisfactory.

1—4.

SPECTROPHOTOMETRIC DETERMINATION OF TRACE

ELEMENTS IN HIGH PURITY LANTHANUM OXIDE

D. RAJKOVIC

Institute for Technology of Nuclear Raw Materials, Beograd

Methods for spectrophotometric determination of iron, manganese, cobalt,

thorium and silicon in high purity lanthanum oxide have been developed.

The methods posses high accuracy, sensitivity, selectivity and simplicity.

The influence of lanthanum on the determination of each element has been

tested.

Accuracy and precision are within the usual range for spectrophoto

metric methods.

Iron is determined with o-phenanthroline, manganese by the permanga

nate method, cobalt with nitroso-R salt, thorium with thorin and silicon as

molybdenum blue. All methods are direct, except thorium determination,

where separation from lanthanum is required.

1—5.

INFLUENCE OF pH ON THE DETERMINATION OF SILICON IN

URANIUM DIOXIDE BY MOLYBDENUM BLUE METHOD

D. RAJKOVIC

Institute for Technology of Nuclear Raw Materials, Beograd

In developing a method for silicon determination in uranium dioxide

based on molybdenum blue formation, the influence of pH has been investi

gated. This effect is displayed in the formation and reduction of silicomolyb
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date complex, and in the possibility of precipitation of uranium present in

solution.

The effect of fluorides on the pH at which maximum color intensity is

attained has also been tested.

Taking into account the results of these investigation, pH 1.1 is recom

mended for the analytical procedure under the given experimental conditions.

1—6.

DETERMINATION OF ULTRAMICRO QUANTITIES OF COBALT

BY CATALYTIC OXIDATION OF PYROCATECHOL VIOLET

BY HYDROGEN PEROXIDE

T. J. JANJIC and G. MILOVANOVIC

Department of Chemistry, Faculty of Sciences, University of Beograd,

and Institute of Chemistry, Technology and Metallurgy, Beograd

A new kinetic method for determining ultramicro quantities of cobalt

is proposed, using the oxidation of pyrocatechol violet (Pv) by hydrogen per

oxide. In order to find the optimum conditions for the cobalt determination,

the kinetics of this reaction has been examined and its kinetic equation has

been formulated:

= krPv] [H20„] [H+]-> 14 [Co2+]

dt

The kinetic equation for the slow unacatalyzed reaction may be written as

follows:

-^=k0[Pv][H+]'/«

dt

The rate constants have been calculated: k = 0.98 ± 0.02 X 108 and ko =

= 0.74 ± 0.03 X 10-4.

The influence of temperature on the reaction rate has been investigated.

The activation energies are found to be 10.33 kcal per mole for catalytic and

14.79 kcal per mole for the noncatalytic reaction.

The corresponding entropies of activation have been calculated: AS ^ =

- — 4.38 e.u. per mole for the catalytic and AS * = — 35.82 e.u. per mole for

the noncatalytic reaction.

The minimum concentration of cobalt determinable by this method has

been calculated by the method given by Yatsimirskii: C,„in> 0.65X10—Vg/ml.

On the basis of the results the reaction has been applied for trace de

termination of cobalt, which catalyzes it. By the tangents method concen

trations from 2.0X10—4 to 13.0X10—Vg/ml cobalt have been determined.

The influence of the following foreign ions on the reaction rate has been

investigated: K+, Na+, Cas+, Cd2^, Cus+, Ni2+, Zn2+, Pb2+, Bi3+, Fe'+,

Cr» + . Mns+, C1-, SO*1-, NOs- CHsCOO- C2O41—.

5'
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1—7.

DETERMINATION OF ARSENIC(III) OR ANTIMONY(III) WITH

POTASSIUM DICHROMATE

V. VAJGAND, V. MKOLIC and LJ. DURIC

Faculty of Sciences, University of Beograd

Potentiometric titrations of As»+ or Sb'+ in 3—8 N HsSC-4 od HC1 with

potassium dichromate have been performed. Since it takes a long time for

the electrode potential to get established, the titrations were carried out in

the presence of 10— KI, iodide acting as a mediator for faster attainment

of constant potential at the electrode. By comparison of the reaction rate data

obtained spectrophotometrically and potentiometrically, it is concluded that

iodide does not catalyze the above reaction. In the presence of iodide as

mediator the equilibrium state at the electrode is reached in 1—2 minutes

and accurate and precise results can be obtained.

Quantities from 5 to 80 mg of As or Sb are determined with an average

error of 0.2—0.44/o and a standard deviation of 0.2°/o.

1—8.

AMPEROMETRIC TITRATION OF ARSENIC(III)

AND ANTIMONY(III) WITH DICHROMATE

V. VAJGAND, V. NIKOLIC and V. ANTONIJEVIC

Faculty of Sciences, University of Beograd

Amperometric titration of arsenic(III) and antimony(III) with potassium

dichromate was carried out at a potential of 0.25 V vs.' SCE using rotating

platinum microelectrode. The titrations were performed in 0.5 to 8 N HsSCu

or 2.5 to 8 N HC1. I—IV curves both of the supporting electrolyte and after

the addition of As(III), Sb(III), Cr(III) or Cr(VI) show that the diffusion cur

rent results only from the electroreduction of the dichromate ion at poten

tials up to 1 V vs. SCE. A linear relationship between diffusion current and

dichromate ion concentration was found in the range from 2.10—5 to 2.10—'M.

Hence semimicro amounts of arsenic(III) and antimony(III) can be determined

amperometrically with dichromate. Quantities of arsenic ranging from 0.4 to

20 mg were determined with an accuracy of 99.45 ± 0.70°/o, and of antimony

from 0.6 to 20 mg with an accuracy of 99.65 ± 1.02°/o.
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1—9.

STUDY OF THE STABILITY OF PALLADIUM (II) ACETATE

COMPLEX BY POTENTIOMETRY AND POLAROGRAPHY

V. VAJGAND and I. SPIREVSKA

Faculty of Sciences, University of Beograd and Faculty of Technology

and Metallurgy, University of Skopje

Some properties of the palladium (II) acetate complex ion in solution

have been studied. The stability constant of the complex has been approxi

mately determined, and its possible application in polarographic analysis has

been investigated. The conditions of complexing have been investigated at

metal: ligand ratios of 1 : 10 to 1 : 2000. The most probable composition of the

complex above a palladium: acetate ion ratio of 1 : 80 is /PcKCHsCOO)!/*—.

Its anionic character has been confirmed by electrophoresis, the number of

linked ligands by the Leden method, and the stability constant by potentio-

metric activity measurements of palladium (II) ions at a Pd electrode. The

stability constant of this complex is approx. 1.2. 1012, at an ionic concentration

of about 1 and pH 4.

In the same acetate buffer solution palladium (II) ions produce a pola

rographic wave with a half-wave potential of 0.22 vs. SCE. The electrode

process is irreversible, and the current is of a diffuse character. The wave is

not suitable for polarographic determination of palladium.

I—10.

DETERMINATION OF PALLADOUS IONS BY POTENTIOME-

TRIC TITRATION USING Hg ELECTRODE

V. VAJGAND and M. MILOVANOV

Faculty of Sciences, University of Beograd

The difference between the stability constant of palladous acetate and

Pd-EDTA complexes (10*) allows sucessful determination of palladous ions

using Hg-electrode in an acetate buffer solution containing 10—'M HgEDTA,

titrating the palladous ions with EDTA. The optimum conditions of titration

are when the ratio between palladous and acetate ions is 1 : 80. Chlorides,

nitrites (from nitric acid formed during dissolution of Pd), large amounts of

sulphates and ammonium ions interfere. Amounts from 10 to 50 nag Pd are

determined and 99.5 ± 0.3°/o of the metal is found.

Using Hg electrode potentiometric titrations of thioglycollic acid in an

acetate buffer solution with palladous nitrate or perchlorate were also per

formed. The potential jump at the equivalence point is very high. Quantities

of 0.5 to 5 mg Pd are determined with 99.7 ± 0.9°/o recovery.
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I—11.

A STUDY OF CONDITIONS FOR CONDUCTOMETRIC

TITRATION OF BASES IN ACETIC ACID

V. VAJGAND and T. PASTOR

Faculty of Sciences, University of Beograd

There are few data in the literature on conductometric titration of bases

in glacial acetic acid, and these few only concern direct titration in acetic acid

and back titration in the presence of acetic anhydride. This prompted us to

study conditions for conductometric titration of bases in pure acetic acid, and

in mixtures of acetic acid and acetic anhydride by direct titration, inverse

titration and back-titration.

The two last methods yield satisfactory results in a mixture of acetic

acid and acetic anhydride, even in titrations of very weak bases. Results

obtained by direct titrations of very weak bases in glacial acetic acid were

too low, while those obtained in the mixture of solvents were too high. How

ever, if a weak acid, trichloroacetic acid for instance, is added to the solu

tion of bases prior to titration, even very weak bases can be determined by

direct titration.

We have also studied the effect of the presence of water and of large

amounts of acetic anhydride on the shape of the titration curves and the

accuracy of the results.

1—12.

DETERMINATION OF SOME INSECTICIDES MEASURING

THEIR RATE OF HYDROLYSIS BY CONDUCTOMETRY

V. VAJGAND and M. DJELINEO-LUKATELA

Faculty of Sciences, University of Beograd

A simple and rapid kinetic method for determination of DDVP (0,0 di

methyl 2,2 dichlorovinyl phosphate) in aqueous solution is proposed. Changes

in conductance are recorded and from the curve the initial concentration of

DDVP can be calculated. Influence of temperature, alkalinity of solution and

concentration of DDVP on the curve were examined. The best results are

obtained with a 100-fold excess of NaOH over DDVP. The time taken by the

analysis is about 20 minutes. Concentrations as low as 0.3 mg/ml DDVP were

determined with an error not more than 5°/o.

With the same method malathione, dimethoate, summithione, and mixtu

res of DDVP and summithione were also determined.
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1—13.

ELECTROCHEMICAL PROCESS AT MERCURY POOL AND

DROPPING MERCURY ELECTRODE IN SYSTEMS OF

METALLIC ION AND ASCORBIC ACID

M. SUSIC and Lj. RAJKOVIC

Department of Physical Chemistry, Faculty of Sciences, University of Beograd

and Institute of Chemistry, Technology and Metallurgy, Beograd

The mechanism of electrode reactions in metallic ion-ascorbic acid sy

stems with reduction of the metal at mercury pool or dropping mercury

electrode were investigated by polarography and chronopotentiometry.

The reversibility or degree of ireversibility of the electrode reactions

were investigated by determination of the characteristic parametar a. The

rate constant of the heterogeneous process k° was determined.

From the results of polarographic measurements it was concluded that

in some cases the organic ligand and the OH-group take part in the electrode

reaction.

It was established by chronopotentiometry that the complex of the metal

ion with ascorbic acid can be reduced directly, without preliminary dissocia

tion, even in cases when the stability constant of the complex is relatively low.

Plates of dissociation and association, the thickness of the reaction layer

and the diffusion coefficients of the ions were determined.

1—14.

DETERMINATION OF TITANIUM IN SOLUTION

OF HYDROQUINONE

G. EL INANY and D. S. VESELINOVlC

Institute of Physical Chemistry, Faculty of Sciences, University of Beograd

and Institute of Chemistry, Technology and Metallurgy, Beograd

Titanium can be determined polarographically in solutions containing

0.1 M HsSO< and 2.0 M hydroquinone. Polarographic and spectrophotometric

studies show the presence of different types of complexes of titanium with

hydroquinone. Job's method shows the presence of 1 : 1, 1 : 2 and 2:1 Ti : HsQ

complexes. The polarographic method determined the rational stability con

stants of the 1 : 1 and 1 : 2 complexes to be 5.75 . 101 and 1.8 . 10*, respectively.

1—15.

POLAROGRAPHIC BEHAVIOR OF BERYLLIUM

M. JOVANOVIC and V. RAKELIC

Faculty of Technology and Metallurgy, University of Beograd

The polarographic behavior of beryllium ion in the absence and presence

of oxalyl dihydrazide has been studied. Potassium chloride, lithium chloride

or tetraethylammonium iodide were supporting electrolytes.
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At pH 4.0—4.2 in potassium or lithium chloride beryllium produces

a double wave with half-wave potentials of about —1.7 and —1.9 V v.s.

S.C.E. respectively. The height of this wave is proportional to the concentra

tion of beryllium ion. In tetraethylammonium iodide at the same pH beryl

lium produces a single wave, half-wave potential about —1.8 V v.s. S.C.E.

At pH below 4 these waves are preceeded by the hydrogen wave.

In the presence of beryllium ion at pH 4.0 to 4.2 oxalyl dihydrazide

produces two waves, the height of the first being proportional to the con

centration of beryllium ion. The half-wave potential is —1.45 do —1.60 V v.s.

S.C.E., depending on the supporting electrolyte.

1—16.

APPLICATION OF PAIRS OF NON-INERT ELECTRODES FOR

THE DETERMINATION OF ORGANIC BASES AND

ACIDS IN NON-AQUEOUS SOLVENTS

M. JOVANOVIC, F. F. GAAL and L. BJELICA

Faculty of Technology and Metallurgy, University of Beograd

and Faculty of Sciences, University of Novi Sad

Mono and polycarbonic acids were determined alone and in mixture in

benzene-methanol (3 :1), tirating with KOH in methanol using polarised and

unpolarised pairs of bismuth-bismuth and antimony-antimony indicator elec

trodes. Quantities between 13.5 and 25 mg were determined with average

deviations less than 0.6°/o.

Using the same methods tertiary amines and salts of organic acids in

acetic anhydride containing 5°/o acetic acid were titrated with 0.1 N HCIO*

in acetic acid. Quantities between 13.5 and 40.2 mg were determined with

average deviations less than 0.3°/o.

The results obtained are in a very good agreement with those of poten-

tiometry and catalytic thermometry, as well as biamperometry applying po

larised antimony electrodes after Vajgand and Pastor.

1—17.

PRECIPITATION TITRIMETRIC DETERMINATION OF

SULPHATE USING INDICATING SYSTEM

OF BISMUTH ELECTRODES

M. S. JOVANOVIC, F. F. GAAL and L. J. BJELICA

Faculty of Sciences, University of Novi Sad and Faculty of Technology

and Metallurgy, University of Beograd

Baudisch and co-workers have described a precipitation titrimetry for

determination of sulphate using a mixture of barium and lead nitrates. The

neutral titrand becomes a few pH units more acid at the end-point. Here we
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applied our recently described indicating system using polarised bismuth

electrodes. The system showed enough sensitivity to register the inflection on

the titration curve at the end-point and because of its cheapness and robust

ness, it is very convenient for routine work. There is good agreement with

potentiometry.

1—18.

NEW INDIRECT DETERMINATIONS OF HYDROXYL-

AMONIUM CHLORIDE

B. VUCUROVIC and M. JOVANOVIC

Faculty of Technology and Metallurgy, University of Beograd

In previous investigations we developed some indirect methods for the

determination of hydroxylammonium chloride based on the neutralization

titrations of the proton of its salt component. Potentiometric, biamperometric

and conductimetric methods of end-point detection were used in either clas

sical or coulometric determination of the titrant. This time the proton was

determined applying our indicating system of unpolarised bismuth electrodes,

and an oscillometric technique. The anion part of the salt component was also

titrated by argentometry. Potentiometric, amperometric, conductometric and

oscillometric end-point detections were used, giving very good mutual agre

ement of the results.

1—19.

THE APPLICATION OF THE DEPOLARIZATION END-POINT

FOR THE DETERMINATION OF IODIDE-CHLORIDE MIXTURE

M. DRAGOJEVIC and M. S. JOVANOVIC

Faculty of Technology and Metallurgy, University of Beograd

The depolarization end-point method developed by us recently, is now

successfully applied using platinum as indicator electrode for the argento-

metric determination of iodide/chloride mixture. In order that the platinum

electrode respond to change in silver ion concentration it must be cathodi-

cally pre-treated by electrolysis in sulfuric acid. Before the titration the

e.m.f. of the platinum/SCE is balanced against an external e.m.f. and iodide

can be titrated till the first appearance of an off-balance current. Then both

e.m.f.'s are balanced again and chloride is titrated to the second off-current.

The results obtained in aqueous or acetone solution are in a good agreement

with those obtained by potentiometry.
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1—20.

THE APPLICATION OF INDICATING SYSTEM OF

UNPOLARISED PLATINUM ELECTRODES

IN REDOX TITRIMETRY

M. S. JOVANOVIC, M. DRAGOJEVIC and B. VUCUROVIC

Faculty of Technology and Metallurgy, University of Beograd

According to the data from the literature, anode polarised platinum is

covered with an oxide film. Our idea was to connect anode pre-treated pla

tinum via a high-sensitivity galvanometer to cathode pre-treated platinum

and to use this galvanic cell as an indicating system for redox titrations. The

investigations showed that a certain electromotive activity is observed if such

a system is dipped into the solution of an irreversible system, while there

is no activity in a reversible system. Also, a short-lived activity is observed

at the point when a reversible system is replaced by another of a more posi

tive redox potential. The end-point of iodide/thiosulphate or the converse

titrations and in the determination of hydroxylaimmonium salts was detected

either by the appearance or disappearance of the current.

1—21.

COULOMETRIC TITRATION OF MIXTURES OF ALIPHATIC

AND AROMATIC AMINES IN ACETONITRILE

V. VAJGAND, R. MIHAJLOVIC and M. RAKOCEVIC

Faculty of Sciences, University of Beograd and Faculty of Liberal Arts,

University of PriStina

Using the differentiating effect of acetonitrile, mixtures of alphatic and

aromatic amines may be determined by coulometric titration. Before the ad

dition of amines it is necessary to perform coulometric titration of the sup

porting electrolyte (blank) in the presence of eosine until the maximum

change in absorbance of the solution is reached. After addition of the mixture,

the aliphatic amine is titrated until the same color change. By adding cry-

stalviolet to the solution, the coulometric titration is continued and the aro

matic amine is determined

Amounts of several mg of amines are determined. Errors do not exced

Coulometric titrations of ternary systems containing primary or secon-

-dary amines (e.g. triethylamine + butylamine + aniline) are also possible.

In that case primary or secondary amines are acetylated in a separate sample

and then the rest is coulometrically determined. In the second sample the

analysis is performed by the procedure given above. Errors for each compo

nent do not exced 1—1.5°/o.
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1—22.

APPLICATION OF DIFFERENTIAL TECHNIQUES IN

CATALYTIC THERMOMETRIC TITRATIONS

V. VAJGAND and F. F. GAAL

Faculty of Sciences, University of Beograd, Faculty of Sciences, University

of Novi Sad, and Institute of Chemistry, Technology and Metallurgy, Beograd

Catalytic thermometric titrations are considerably simplified by using

differential temperature measurement. The high sensitivity of the catalytic

thermometric titrations has made it possible to perform titrations even with

coulometric generation of the titrant. After developing the acido-basic cata

lytic thermometric titration in non-aqueous media with columetric genera

tion of the titramt in the titrated solution, new catalytic thermometric titra-

ions have been developed — acido-basic in non-aqueous media and precipi

tation titrations in aqueous media — with externally generated titrant.

In this paper new catalytic indicator reactions for determination of

bases in acetic anhydride, the determination of silver and mercury with

coulometrically generated iodide, and our latest results of investigations in

this field are described.

1—23.

DETERMINATION OF Hg2"" BY CATALYTIC

POTENTIOMETRIC TITRATION

V. VAJGAND and D. STOJANOVIC

Faculty of Sciences, University of Beograd and Institute for Application

of Nuclear Energy in Agriculture, Veterinary Medicine

and Forestry, Zemun

To determine Hg'M the reaction between potassium iodide and hydrogen

peroxide in acidic medium, catalyzed by microamounts of molybdenum was

used.

When a solution containing Hg'+ is titrated with potassium iodide by

the classical potentiometric method the potential decreases constantly during

the titration, but the most pronounced potential change occurs at the equiva

lence point.

However, if an acidic solution containing Hgs+ (to which hydrogen

peroxide and molybdate are added) is titrated with potassium iodide, the po

tential decreases slowly up to the titration end-point and after that rapidly

increases. The increase exceeds 100 mV.

Amounts of 20 to 60 mg of mercury have been determined. The accuracy

of the method is equal to that of potentiometric titration.
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1—24.

INTERFEROMETRIC AND CONDUCTOMETRIC

DETERMINATION OF SOME BINARY MIXTURES

BY KINETIC METHOD

V. VAJGAND and T. TODOROVSKI

Faculty of Sciences, University of Beograd, Institute of Chemistry, Technology

and Metallurgy, Beograd, and Faculty of Technology and Metallurgy, Skopje

The reaction rate can be followed interferometrically, and by appropriate

methods of evaluation of experimental data the composition of binary mixtu

res can be determined. The rate of reaction of acetic and propionic anhydride

and mixtures thereof with water at 61.0 ± 0.1CC has been studied. In a modi

fied interferometer cell the solution is vigorously stirred while being her

metically sealed at the same time.

For the sake of comparison, a conductometric method for the pure sub

stances and their mixtures was developed, the measurements being made at

the same temperature. In all the investigations, the initial concentration of

anhydride in the solution was 10—'M.

By the interferometric technique the composition of the mixture can be

determined with an average error of ±3,5°/o (abs.), while by the conductome

tric technique it is ±3.6*/o.

Ketone mixtures can be interferometrically determined via the hydroxyl

amine hydrochloride reaction only in mixtures of definite compositions, while

the conductometric technique allows determination at any composition. Ace-

tophenone and isobutyl methyl ketone were determined at 22.0 ± 0.1° in

mixtures containing 30 to 70 percent of acetophenone, with an average error

of ±1.4°/o.

1—25.

INTERFEROMETRIC VOLUMETRIC DETERMINATION

OF CARBON DIOXIDE

T. TODOROVSKI, LJ. KECKAROVSKA, L. SOPTRAJANOVA

and I. SPIREVSKA

Faculty of Technology and Metallurgy, University of Skopje

The interferometric volumetric determination of COs is based on its

absorption in a standard Ba(OH)» solution, taken in excess, and the titration

of the excess with a standard solution of HC1.

The laboratory interferometer must be adapted for the titration as de

scribed in the paper "Interferometric Precipitation Titrations" [Glasnik hem.

druStva Beograd, 34, 261 (1969)/. Titrations were performed out of the interfe

rometer cell in a vessel protected from atmospheric CO2. The solution taken

in the cell was thermostated at 22.0 ± 0.1°. For comparison a solution of

NaCl was used with approximately the same refractive index as th3 solution
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examined. The procedure for determination of COs was developed on artifi

cial mixtures containing 0.7 to 9.5 vol.°/o COs with nitrogen. The mixture of

gases was introduced into a 0.08 N solution of Ba(OH)s and the excess of the

base titrated with a 0.3 N solution of HC1. The precipitate of BaCOa formed

during the introduction of COs did not interfere since it was filtered off

during transfer of an aliquot of the solution to the interferometer cell. It is

possible to determine COt at below 0.7 °/o(vol.). In this case it is necessary

to use three times more dilute solutions. The titration can be performed in the

interferometer cell itself.

The results of titration are compared with those read directly from

a calibration curve plotted from direct measurement of refractive indices on

the interferometer. Differences are on the average not more than 0.1°/o abs.

The method of determination from a calibration plot is much faster, but it

requires precise preparation of mixtures of gases, which is time consuming.

The titration method proposed is simpler, since easy to prepare solutions are

used, and the titration is fast and accurate. Furthermore, this method is more

selective, since by determinations of COz using calibration plots other gases

in traces can influence the accuracy of determination, while in titration meth

od they practically do not interfere.

1—26.

ANALYTICAL MONITORING OF PYRIDOXINE

(VITAMIN B8) SYNTHESIS

J. LIPTAK and E. ULLRICH

Pharmaceutical Chemistry Research Institute, Budapest

New methods have been developed and combined with the existing ones

for analytical check in the manufacture of pyridoxine.

After the first step in synthesis, methoxyacetate is determined by gas

chromatography in the presence of methyl chloroacetate. By ring closure

2-methyl-4-methoxymethyl-5-cyanopyridone-6 is obtained, identified by thin

layer chromatography and measured by UV fluorescence. It is then nitrated

and the product is determined by polarography in H«SO<. The polarographic

behavior of the compound and the inhibiting effects of various substituents

on the reduction was studied. By hydrogenation (in the synthesis), the amino-

methyl product is obtained, contaminated with the cyanopyridine derivative.

The ratio of these two compounds is determined by nitritometric titration

with potentiometric end-point detection. After transformation of the amine

to dihydroxyether, the product is condensed with 2,6-dichloroquinone chlo-

roimide and determined spectrophotometrically at 650 nm.

The end-product (pyridoxine) is usually determined by titrating it in

glacial acetic acid with HCIO4. But to eliminate interference from the prece

ding products, a selective method based on determination of the free hydroxyl

group has been developed. Pyridoxine is complexed at pH 7 in the presence

•of borate buffer and the absorbence of the complex measured.

Since the dihydroxyether derivative has an anti-vitaminic effect, it is im

portant to check the chemical and pharmaceutical purity of the end-product.
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Separation is achieved by thin layer chromatography and the compounds are

detected with 2,6-dichloroquinone chlorimide.

1—27.

DETERMINATION OF CARBON AND HYDROGEN IN ORGANIC

COMPOUNDS CONTAINING FLUORINE II

M. TONKOVIC and S. MESARIC

"Ruder Boikovid" Institute, Zagreb

The retention of fluorine and silicon tetrafluoride which interfere in the

gravimetric microdetermination of carbon and hydrogen in compounds con

taining fluorine has been examined.

It has been found that molecular sieves (Na-Al-silicates) pore diameter

3 and 5 A and aluminum oxide of various origin quantitatively retain the

interfering products containing fluorine.

The decomposition product of silver permanganate was used as in oxi

dation catalyst. The retention capacities and optimum temperatures have been

determined.

1—28.

DETERMINATION OF Fes04 IN PARA AND DIAMAGNETIC

MATERIALS BY MEANS OF MAGNETIC BALANCE

A. MARKOTIC

Faculty of Technology, University of Zagreb, Metallurgical

Department, Sisak

Specific saturation magnetisation of 6^, which does not depend on struc

tural factors and which is not directly related to the gravimetric concentra

tion Fes04, has been used for the quantitative determination of magnetite in

a mixture of para and diamagnetic substances. The determination of 6S and

hence of the concentration of Fes04 has been reduced to measuring the attrac

tion force of the mixture in a heterogeneous magnetic field by the gravimetric

method.

All the determinations were made on a slightly modified analytical

balance. The method was used to determine the concentration of FesOi in

sinters. As Fes04 is in strong correlation with FeO, analysis of the sinter's

mechanical properties is possible (strength).

The advantage of the method over chemical analysis is that other iron

compounds (2FeO Si02, spinel or wustite) present do not interfere.
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1—29.

CHEMICAL AND BIOLOGICAL INVESTIGATION OF SEDIMENT

AND WATER ACCORDING TO ASTM APPLIED TO THE

DETERMINATION OF AGGRESSIVITY OR HARMFULNESS

V. GAZIVODA, L. PUTZ and B. STILINOVIC

Faculty of Sciences, and Faculty of Technology, University of Zagreb

This paper mainly presents a schema for chemical and biological inve

stigations according to ASTM in cases when it is necessary to determine the

cause and degree of aggressiveness and damage done by water solutions and

sediments. Definitions of sediments created in water or carried by water

having the form of scales, silt corrosion products or biological deposits we

given.

The tables give data on the formation of sediments under different tem

peratures and other conditions, schemes of the analysis of the sediments, the

necessary water sample volume for different determinations, the procedure

of identifying bacteria and other microorganisms.

A comparison between the main fields and the application limits of the

different methods is made.



II. INORGANIC, ORGANIC AND BIOCHEMISTRY

II—l.

SYNTHESIS AND INVESTIGATION OF GEOMETRICAL CONFI

GURATION OF trans(NCte)-cis(N)-, trans(N02)-trans(N)- and

cis(N02)-cis(N)-ISOMERS OF DINITROBIS(AMINOCIDATO)

COBALTATE(III)-IONS

M. B. CELAP, S. M. NESlC, M. J. MALINER, T. J. JANJIC,

and P. N. RADIVOJSA

Department of Chemistry, Faculty of Sciences, University of Beograd, and

Institute of Chemistry, Technology and Metallurgy, Beograd

In previous papers we described the synthesis and investigation of the

configuration of cis(NOs)-trans(N)-isomers of dinitrobis(aminoacidato)cobal-

tate(III)-ions. Continuing these investigations we have succeeded in isolating

the following isomers from the reaction of the corresponding amino acid with

hexanitrocobaltate(III) ion: trans(NOi)-trans(N)-isomers with glycine, L-ala-

nine and 3-alanine; trans(NOi)-cis(N)-isomers with glycine and L-alanine, and

cis(N02)-cis(N)-dsomer with glycine.

The trans-position of the nitro-groups in the isolated isomers was deter

mined from the position of a nitro-specific hand in the near UV region of the

electronic spectrum. The relative position of two aminoacidato ligands in the

trans(NOs)-isomer were also investigated by electronic spectroscopy. It was

established that the absorption band in the visible region due to the 'Tig—*Aie

electronic transition is resolved in the case of one of the isomers. It was

therefore hypothesized that the isomer has a strong tetragonal distortion

caused by the trans-position of the oxygen atoms of the carboxylates. On this

basis the trans(N)-configuration was assigned to this isomer, and the cis(N)-

-configuration to the other.

The cis-position of the nitro-groups in the isomer of the dinitrodiglyci-

natocobaltate(III)-ion was also established from the position of the nitro-spe

cific band in the near UV electronic spectrum, and the relative position of

the two glycinato ligands was determined by PMR spectroscopy.

The configurations of the isomers are in accordance with the number

of optical isomers obtained.

The nature of the bonds between the coordinated ligands and the metal

ion was considered by study of infra-red spectra of the isomers.

We have succeeded in isolating and determining the configuration of

four of the five theoretically possible geometrical isomers of dinitrobis(ami-

noacidato)cobaltate(III)-ions.

80
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II—2.

A STUDY ON THE COMPOSITION AND STABILITY OF

COMPLEX COMPOUNDS IN A SOLUTION OF

Cu(II)-IONS AND DL-SERINE

T. J. JANJIC and L. B. PFENDT

Faculty of Sciences, University of Beograd, and Institute of Chemistry,

Technology and Metallurgy, Beograd

By spectrophotometric study of equilibria in a solution of Cu(II)-ions and

DL-serine it has been found that in the pH range from 2.8 to 13.0 four com

plex compounds are formed. From spectrophotometric and potentiometric

data the distribution of these complexes in the solution as a function of pH

has been found. By the Job method of continual variations using equimole-

cular solutions it was found that the ratio of copper to serine was 1 : 1 in the

first and 1 : 2 in the second and fourth complex, while for the third complex

it is deduced from the results that this ratio is also 1 : 2.

From the concentrations of the components in solution (found from the

diagram of the distribution of the above mentioned complexe in the solution

and general laws of stoichiometry) the equilibrium constants of formation of

the first (1) and second complex (2) have been found:

Cu2+ + SerH|±*± CuSerH^+ +nH+ (1)
(2—n)

CuSerH^+ + SerH± «» CuSer2H^n-)+n'H+ (2)

(CuSerHg^j+)

From the depedendence of log +

(CuSer,H<^r°?,+)
and log . —-Lrr"—" > on pH it is found that the

(CuSerH|^+XSerH±)

number of protons liberated per mole of complex is one in both reactions.

From this result it is concluded that in both complexes DL-serine behaves

as a bidendate ligand, so that their compositions can be expressed as CuSerH+

and Cu (SerH)O, respectively. The partial stoichiometric instability constants

of these complexes are: pKi - 8.05 ± 0.01 and pKs = 6.92 ± 0.02 (u = 1).

The Cu(SerH)^ complex was found to behave as a weak dibasic acid, its

protolytic products being the third-Cu(Ser) (SerH)— and the fourth complex-

Cu(Ser) |—. The partial acidic constants of the acid were found from its

ck

distribution as a function of pH from the expression pkt = pH+log •—.

eb

where ck is the concentration of the acid, and ctj is the concentration of its

conjugated base. The values thus found are: pki = 10.1 and pki = 11.9 (u = 1).
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II—3.

CONFORMATION ANALYSIS OF THE

TRIS (TRIMETHYLENEDIAMINE)COBALT(III) SYSTEM

S. R. NIKETIC and F. WOLDBYE

Institute for Chemistry, Technology and Metallurgy,

Beograd, Yugoslavia

and

Chemistry Department A, The Technical University of Denmark,

DK-2800 Lyngby, Denmark

Steepest descent technique for the strain energy minimization due to

Wiberg1 has been elaborated and applied to the conformational analysis of

the tris(trimethylenediamine)cobalt(III) ion.

Energy contributions from bond length and angle deformations, non-

-bonded interactions and torsional strain have been considered, the required

force constants being taken from the available literature data.

Three basic conformations2 (tris-chair, tris-'lel', and tris-'ob') together

with Saito's crystal struktuTe5 of the tris(trimethylenediamine) cobalt(III) ion

have been investigated. On the basis of the preliminary results of the calcu

lated energy contributions and the comparison of total conformational ener

gies the possible stereochemistry of the system is discussed.

1. K. B. Wiberg, J. Am. Chem. Soc, 87, 1070 (1085).

2. F. Woldbye, „Studler over optisk Aktivitet", Polyteknlsk Forlag, Kbenhavn, i960,

p. 203 f.

3. T. Nomura, F. Marumo, and Y. Saito, Bull. Chem. Soc. Japan, 42, 1016 (1969).

II—4.

EFFECT OF SULPHO GROUPS ON THE PROTONATION AND

THE DISSOCIATION OF BIS-AZO-CHROMOTROPIC ACID

DERIVATIVE REAGENTS

V. NIKOLIC and A. MUK

Boris Kidril Institute of Nuclear Sciences, Beograd

The influence of the sulpho groups on the protonation and dissociation

costants for several derivatives of bis-azo-chromotropic acid was studied.

The reagents examined had the sulpho groups in the ortho, meta or para

position related to the azo group. It was found that the substituents in the

ortho position have the greastest influence on the protonation and dissociation

constants and the character of this influence is discussed.
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II—5.

SYNTHESIS AND PROPERTIES OF THE 0-ETHYL-S(2-N-

-METHYL-N-ARYLAMINOETHYL)METHILTHIOPHOSPHO-

NATES AND THEIR QUATERNARY DERIVATIVES

Institute of Work Hygiene and Safety, Beograd, and Military Technical

High School, Zagreb

The synthesis of six new organophosphorous compounds with the general

formula

where R = —CHa, —CL, —OCHs (in m and p position)

and their methylated derivatives with dimethylsulphate-methylsuphomethyl-

ate is described. Characteristic constants are reported. The constants of alka

line hydrolysis have been determined, and show the high stability of these

compounds regardless of the type and position of the ring substituents.

REACTION OF 3-NITROPHTALIC ACID ANHYDRIDE

WITH ANILINE

D. M. DIMITRIJEVIC and O. A. BURKOVIC

Faculty of Chemistry, Technology and Metallurgy, University of Beograd,

and Institute of Chemistry, Technology and Metallurgy, Beograd

Comparison of the methylester of the compound (m.p.162—164°C) ob

tained by esterification of N-phenyl-nitrophthalamic acid, which was produced

by reaction of 3-nitro-phtalic acid anhydride with aniline, with authentic

samples of both isomeric methylesters of N-phenyl-3 (or) 6-nitrophatalamic

acid, proved that this compound was N-phenyl-3-nitrophtalamic acid. This

represents an experimental proof of the direction of the above reaction, which

previously had only been hypothesized by analogy with the reaction of

3-nitrophthalic anhydride with ammonia, which is not reliable on the ground

of our previous investigations. In the synthesis of the N-phenyl-3-nitrophtal-

amic acid methylester it was found that under certain conditions the intra

molecular rearrangement of the ester also takes place here; converting

Q-ester of 3-nitrophthalic acid into the corresponding ester-chloride and ester-

-anilide, N-phenyl-6-nitrophthalamic acid methylester was obtained instead

of the expected N-phenyl-3-nitrophtalamic acid methylester.

M. COSIC, D. RAKIN and Z. BINENFELD

 
0

II—6.

6*
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II—7.

FUNCTIONALIZATION OF STEROIDAL LACTONES

M. STEFANOVIC, Z. DARMATI and M. GASlC

Department of Chemistry, Faculty of Sciences, University of Beograd, and

Institute of Chemistry, Technology and Metallurgy, Beograd

Introduction of an oxygen function into the lactone ring by chemical

means is difficult. In view of the versatile reactivity of lead tetraacetate, its

action on some steroidal lactones as model substrates was investigated. It was

found that the action of this reagent in an aprotic solvent results in intro

duction of an acetoxy-group in the a-position to the carbonyl carbon; the

reaction is very slow but occurs stereospecifically and in a high yield (cs370°/o).

Proof of structure for the isolated products was obtained by chemical trans

formation and from spectral characteristics. NMR and mass spectra show

some interesting features which will be discussed in detail. Synthetic appli

cation of this reaction was also investigated.

II—8.

THE SOLVOLYTIC REACTIONS OF CYCLODECENYL SYSTEMS

1VL LJ. MIHAILOVIC, LJ. LORENC, M. DABOVIC, I. JURANIC and M. GASIC

Institute of Chemistry, Faculty of Sciences, University of Beograd and

Institute of Chemistry, Technology and Metallurgy, Beograd

The solvolytic reactions of the stereoisomeric cis and trans-5-oxo-5,10-

-seco-l(10)-cholesten-38-yl p-toluenesulfonates in 90°/o aqueous acetone at 60°

and 110° and in the presence of one molar equivalent of Na-acetate were

investigated. It was found that the reaction rates and the solvolysis products

of those two olefinic diastereomers differ substantially due to stereoelectronic

effects.

The sololysis of trans-5oxo-5,10-seco-l(10)-cholesten-3fl-yl p-toluene-

sulfonate in buffered 90%> aqueous acetone at 60° yielded five products whose

structures were determined on the basis of physical and chemical evidence.

When cis-5-oxo-5,10-seco-l(10)-cholesten-3-8-yl p-toluenesulfonate was

solvolyzed under the same experimental conditions, the reaction was found

to be very slow, the relative rates being approximately 600 : 1.

Besides evident rate difference, product analysis (the formation of

bicyclic systems containing cyclopropane ring in solvolysis of the trans

isomer) confirms our earlier conclusion regarding the degre of it-bond par

ticipation in ten-membered rings as a function of conformation and confi

guration of the system.
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n—9.

REDUCTIVE CYCLIZATION OF a, ^-UNSATURATED STEROID

KETO SYSTEMS WITH HETEROATOM IN 6-POSITION.

SYNTHESIS OF NOR-METHYL-ISO STEROID ALKALOIDS

M. STEFANOVIC, L V. MlCOVlC and D. MILJKOVIC

Department of Chemistry, Faculty of Sciences, University of Beograd,

Department of Chemistry, Faculty of Liberal Arts, University of Novi

Sad and Institute of Chemistry, Technology and Metallurgy, Beograd

As was shown in previous communications (*' *' *), intramolecular reduc

tive cyclization of the appropriate unsaturated steroid systems yields com

pounds similar to naturally occurring steroid alkaloids and sapogenins.

In present study the same type cyclization was extended to some sub-

trates of the estrone and 19-nor series.

Cyclization products obtained are nor-methyl-iso steroid alkaloids, and

the new indolizidyno rings (E and F) are fused in both cis and trans-configu

rations.

The structures and configurations of the new alkaloids were deduced

from NMR, mass spectrometry, IR, pK values and some chemical evidence.

The mechanism of cyclization is discussed.

i M. Stefanovic, I. V. Micovlc, D. Jeremic and D. Miljkovie, Tetrahedron, 26,

2609—2617 (1970).

« M. Stefanovlc, D. Miljkovie, M. Miljkovit, A. Jokie and B. Stipanovie, Tetra

hedron Letters, 32, 3891—3895 (1966).

» M. Stefanovlc, A. Jokic and D. Miljkovie, Documenta Chemlca Yugoslavica, Gla-

snik hemijskog druStva, Beograd, 34, 497—S07 (1969) (Available In English translation

from National Tecnlcal Information Service, Spring Field, Virginia, 22151).

II—10.

INTROMOLECULAR ADDITION OF UNSATURATED ALKOXY

RADICALS

M. LJ. MIHA1LOVIC, S. KONSTANTINOVIC and 2, CEKOVIC

Department of Chemistry, Faculty of Sciences, University of Beograd,

and Institute of Chemistry, Technology and Metallurgy, Beograd

By the lead tetraacetate oxidation of unsaturated aliphatic alcohols con

taining a double bond in position 4,5 or 6, acetoxylated cyclic ethers were

obtained. Depending on the position of the double bond with respect to the

hydroxy group, five- six- and seven-membered cyclic ethers can be formed.

Cyclic ether ring closure involves the intramolecular addition of an

alkenyloxy radical (3) (generated byhomolytic cleavage of the O-Pb bond in

the alkoxoly-lead(IV) intermediate (2) on the olefinic double bond affording an

alkyl radical (4 or 5). This carbon radical is then stabilized by oxidation to
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the corresponding carbonium ion (6 or 7), which finally furnishes the reac

tion products 8, 9 or 10.

H Pb(0Ac)3 •Pb(0Ac)3 •PblOAc)3 7

AcOCH

 

10 6 5 9 8

When treated with lead tetraacetate, unsaturated alcohols possessing a

double bond in position 4 give a mixture of acetoxylated and unsaturated

five- and six-membered cyclic ethers. However, alcohols containing a double

bond in position 5 afford exclusively six-membered acetoxylates and al-

koxylated cyclic ethers, plus some products arising from intramolecular hy

drogen abstraction from the allylic methylene group. In the lead tetraacetate

oxidation of alcohols possessing an olefinic double bond in position 6: three

competitive cyclization reactions are observed: intramolecular addition of

the alkenyloxy radical (leading to a seven-membered cyclic ether acetoxy

lated in the side chain), and intramolecular hydrogen transfer from the non-

-activated o-carbon atom or the allylic e-carbon atom (affording non-aceto-

xylated tetrahydrofuran and tetrahydropyran derivatives, respectively).

n—ii.

MASS SPECTRA OF 3- AND 6-NITRO- AND 3- AND 6-ACETA-

MINO-N-PHENYLPHTALAMIC ACID

D. JEREMIC, LJ. GALEBOVIC, S. MILOSAVLJEVIC, O. DURKOVIC

and D. DIMITRIJEVlC

Faculty of Technology and Metallurgy, Beograd, Faculty of Sciences, Beograd

and Institute of Chemistry, Technology and Metallurgy, Beograd

Mass spectra of four compounds were examined:

 

Nitroderivatives I and II have the same or nearly the same fragments, but

the intensities of some of them are quite different. Those differences in in

tensities are used for characterisation of I and II.
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Acetamino derivatives III and IV are fragmented in different ways, and

consequently have quite different mass spectra.

Spectrum with basic peak et m/e 77 belongs to III, and it has very

characteristic peaks at m/e 265, 236, 235 and 221.

Mass spectrum of IV has basic peak at m/e 93 (C«HsNHt ion). At m/e 205

there is another very intensive peak which belongs to ion

 

11—12.

STRUCTURE DETERMINATION OF ISOMERIC 8-ETHYL-

-7-OXABICYCLO (4.3.0.) NONANS

D. JEREMIC, M. LJ. MIHAILOVlC, V. ANDREJEVlC and

M. JAKOVLJEVIC

Faculty of Sciences, Beograd and Institute of Chemistry, Technology

and Metallurgy, Beograd

Cyclodecanol oxydated by means of lead tetraacetate gives four isometric

ethers with structure

 

It was possible by NMR spectra to determine configuration of all four isolated

ethers.
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n—13.

NMR SPECTRA OF CIS-2-ETHYL-4-HYDROXYMETHYL-1,

3-DIOXOLANES AND CIS- AND TRANS-2-ETHYL-

5-HYDROXY-l, 3-DIOXANES

S. MILOSAVLJEVIC and D. JEREMIC

Faculty of Sciences, University of Beograd and Institute of Chemistry,

Technology and Metallurgy, Beograd

Analysis of NMR spectra of the following pairs of isomeric glycerol-

acetals was performed: cis- (I) and trans, (II) 2-ethyl-4-hydroxymethyl-l,

3-dioxolanes and cis- (III) and trans- (IV) 2-ethyl-5-hydroxy-l, 3-dioxanes,

The investigated compounds give higher order NMR spectra : ABCDs(I, II),

AA'BB'X(III) and AA'BCC'(IV). The analysis of NMR spectra was performed

by usual methods: computation of theoretical spectra, double resonance, and

synthesis of monodeutero and model compounds.

The definite conclusions about structures, configurations and conforma

tions of investigated isomers were obtained on the basis of NMR parameters

(chemical shifts and coupling constants).

Investigation of magnetic anisotropic effect of substituent (—CH2OH) on

the chemical shift of cis-B-proton in 1,3-dioxolane rings (I, II) shows that this

influence is paramagnetic.

n—14.

SOLVENT EFFECTS IN NUCLEAR MAGNETIC RESONANCE

SPECTROSCOPY — THE BENZENE SOLUTIONS OF

CYCLIC KETONES —

G. T. HAJDUKOVIC

Boris Kidrii Institute of Nuclear Sciences, Beograd

The chemical shifts of the proton signals of alkyl-a-chloro-cyclopente-

nones in carbon-tetracloride and benzene solution have been investigated.

Sign and magnitude of the proton chemical shifts induced by benzene relative

to carbon-tetrachloride (A6 = flccu — 6c6Hs) depend on the geometrical rela

tionship between the relevant protons and polar groups. Benzene produces

upfield shifts of the proton resonances in the spectra of cyclic ketones. The

solvent effects on the chemical shifts for the 8-protons are always larger

than those for the a-protons and the 8-protons in the trans position related

to chlorine are more shielded than the cis ones.

On the basis of these results the structure of the stereoisomers have

been determined and the nature of intermolecular benzene-solute interactions

has been discussed.
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11—15.

ELECTROCHEMICAL REDUCTION OF INTERMEDIATES IN THE

VITAMINE Be PRODUCTION (II)

ELECTROCHEMICAL REDUCTION OF SUBSTITUTED PYRIDONES

M. LACAN, J. HRANILOVIC, Z. VAJTNER, I. TABAKOVIC and Z. STUNIC

Faculty of Technology, University of Zagreb PLIVA, Pharmaceutical and

Chemical Works, Zagreb High Military Technical School, Zagreb Technical

faculty, Banja Luka

The electrochemical reductions of 2-methyl-3-nitro-4-methoxymethyl-5-

-cyano-6-hydroxypyridine (I) as well as of 2-methoxymethyl-3-nitro-4-methyl-

-5-cyano-6-hydroxypyridine (II) were performed at a mercury cathode in a

mixture of glacial acetic acid and hydrochloric acid. In the first step of

electrolysis at controlled cathode potential of -0.5 V (v. SCE) nitro group of

compound I and II was reduced by six electrons transfer into amino group.

In the second step at potential of cca -1.1 V (v. SCE) both of isomeric amino

derivatives were reduced giving the same product.

Cathode potentials chosen in these experiments corespond to the first

and second plateau of limiting current of curves polarographically obtained.

The polarographic curves were examined and the characteristics of limiting

currents were determined according to the usual criteria. The product of each

run was isolated and the effects of various factors on the yields of products

were studied.

II—16.

ISOLATION AND STRUCTURE OF HORSE BRAIN

SULPHATIDES

K. KLJAIC and M. PROSTENIK

Faculty of Medicine, University of Zagreb

Minced horse brain was extracted successively with acetone, diethyl

ether and ethanol. The sphingolipid fraction obtained by ethanol extraction

was chromatographed on a mixture of charcoal and Florisil (2:1). Sulphatides

were eluted with cloroform-methanol (2:1) saturated with 5N NH<OH. Re-

chromatography on a Florisil column and elution with cloroform-methanol

(2:1) gave pure sulphatides free of cerebrosides and sphingomyelins (elemental

analysis, IR spectrum, thin-layer chromatography on Silica Gel G).

The isolated sulphatides were methanolysed by heating in methanolic

HC1. The fatty acids and long-chain bases thus obtained were analysed by
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gas-liquid chromatography. The composition of both fatty acids and sphingo-

lipid bases was determined.

11—17.

REGULATION OF GLUCONEOGENESIS IN YEAST GROWING

ON GALACTOSE

V. LESKOVAC, A. TURCANJI and LJ. VRBASKI

Department of Chemistry, University of Novi Sad

The yeast Saccaromyces cereinsiae OK-II-8 was cultivated on glucose,

galactose or acetate as a sole carbon source. The gradual change in specific

activity of malate dehydrogenese, alcohol dehydrogenase, glucose-6-phosphate

dehydrogenase, isocitrate dehydrogenase, isocitrate lyase and hexokinase was

measured during growth. Isoenzymes of MDH were separated on a DEAE-

-Sephadex column. Galactose and glucose have a repressive, and acetate an

inductive effect on the synthesis of the enzymes of gluconeogenesis. During

growth of the yeast on galactose and glucose the synthesis of cytoplasmic

MDH was selectively repressed, much more than the synthesis of mito

chondrial MDH. It was concluded that the repressor of gluconeogenesis could

be a metabolite common to the catabolism of glucose and of galactose.

11—18.

CHEMICAL INVESTIGATIONS OF YUGOSLAV ARTEMISIA

SPECIES

M. STEFANOVIC, A. JOKIC and ABDULAZIZ BEHBUD

Department of Chemistry, Faculty of Sciences, University of Beograd, and

Institute of Chemistry, Technology and Metallurgy, Beograd

Extracts of the following species have been investigated:

1. Ambrosia Artemisia folia L.

2. Artemisia vulgaris L.

3. Artemisia Annua

4. Artemisia Scoparia

Specimens were collected in the Novi Sad and Beograd areas. An extrac

tion procedure has been developed. The extracts were chromatographed on

a silica gel column, checked by TLC. We succeeded in .isolating and identifying

the following crystalline compounds:

psilostachyn (from A.A. folia)

vulgarin (from A. vulgaris)

These compounds are sesquiterpene lactones. Some other compounds

now under investigation are (TLC-pure) oils, but show IR, NMR and mass

spectra in accordance with the structure of sesquiterpene lactones.
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11—19.

INVESTIGATION OF PAPAVERUBINE D FROM WASTE

PRODUCTS IN OPIUM PROCESSING

O. GASlC and M. PERGAL

Department of Chemistry, University of Novi Sad

Papaverubine D, an alkaloid present in opium in traces, was determined

in the waste products from industrial processing of opium "opium residue

■deposit" and "meconate" (obtained from Alkaloid — Bilka, Skoplje), by dilute

mineral acids, thin-layer chromatography on silicagel G (after Stahl) with

various developing systems, and UV spectroscopy. Only the opium residue

contained Papaverubine D.

The isolation of Papaverubine D from the opium residue was attempted.

n—20.

IDENTIFICATION OF THE PROCESS OF PRODUCTION OF

SULPHATE CELLULOSE FOR CHEMICAL PROCESSING

BY IR-SPECTRUM

S. STANKOVIC, Lj. MAJDANAC and Lj. GALEBOVIC

Faculty of Technology and Metallurgy University of Beograd, and Institute

of Chemistry, Technology and Metallurgy, Beograd

The dissolving of beech sulphate cellulose with the prehydrolysis was

analyzed by IR-spectrum and the application of CHN bleaching sequences

with a varied concentration of sodium hypochlorite. It was found that:

1. The intensity of bands in the ranges 1430—1470 cm—1, 1370—1380 cm—1,

1335—1350 cm—1, 895—900 cm—1 and to some extent 1320—1325 cm—1 is cor

related with the degree of beneficiation. This is because the bands are related

to the chemical bonds in the cellulose molecule by which the fibers are rela

tively improved.

2. Similar behavior is exhibited by bands in the ranges 1740—1745 cm—1.

1590—1610 cm—1, 1505—1520 cm-1, 1470 cm-1 and 1245—1247 cm—1, because

they axe related to the process of disincrustation, i.e. the elimination of lignin

and heniicelluloses. A common characteristic of beech wood and the prehy-

drolyzed beech wood is the appearance cf strong bands which are reduced to

a minimum by further beneficiation of fibres.

3. Bands in the ranges 2905—2935 cm—1 and 2860 cm—1 are only intense

in the wood, while they are very weak in all the subsequent stages of bene

ficiation. It is considered that they are due to the hemicelluloses of the beech.

4. The intensities of bands in the ranges 1160—1165 cm—1, 1115—

1120 cm—1 and 1050—1060 cm—1 are correlated. An adequate explanation of

this phenomenon is not yet available.

5. In the course of the bleaching of chlorinized sulphate celluloze

(a = 95.4, D. P. = 1090) with sodium hypochlorite, concentration of active

■chlorine 0.5, 1.0, 1.5 and 2.0 percent, no changes in the IR-spectrum were
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observed which might lead to any reliable conclusions. Further bleaching of

these celluloses with a sodium chlorite concentration 0.5 percent caused no

changes in the IR-spectrum.

II—21.

CHROMATOGRAPHIC SEPARATION OF NUCLEIC ACIDS

FROM MAIZE ON METHYLATED HUMAN ALBUMIN COLUMN

S. A. GRUJIC and B. I. GRUJIC-INJAC

Department of Chemistry, University of Novi Sad, Institute of Chemistry,

Faculty of Sciences, Beograd, and Institute of Chemistry, Technology

and Metallurgy, Beograd

Conditions for the isolation and separation of the maize nucleic acids

on a MAC column were examined. The results are compared with prepara

tions obtained by the same method from E. Coli. It was established that in

the case of maize, as distinct from E. Coli, there is an uneluted residue of

about 20°/o NA, which cannot be got off the column at 25°C by increasing the

concentration gradient of the NaCl solution to 1.8 M but can be eluted by

increasing the temperature to 45° or 55°C. By the Dische reaction, the absorp

tion spectrum and by hydrolization it was determined that at the increased

temperature the isolated NA belonged to the RNA group which we denoted

as xRNA.

11—22.

HYDROLYTIC DEGRADATION OF CORN STARCH

BY NITRIC ACID

O. JANClC and L SMILJANIC

Institute of Chemistry, Technology and Metallurgy, Beograd

Thin boiling starches were obtained by treating native corn starch with

dilute nitric acid. Depending on acid concentration under identical reaction

conditions a wide range of starch hydrolizates with new characteristics was

obtained.

11—23.

STARCH AMINO ETHERS WITH FLOCCULATION PROPERTIES

O. JANCIC and A. DORDEVIC

Institute of Chemistry, Technology and Metallurgy, Beograd

Pastes of native or oxidized corn starches with a mixture of tertiary

amine and epichlorhydrin in alkaline medium were treated at raised tempe

rature and quaternary ammonium starch alkyl ethers were prepared. Reaction
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conditions were investigated and adjusted. It is possible to obtain these starch

derivatives, with cationic properties, in solid or fluid form.

11—24.

COMPARATIVE OXIDATION OF CORN, POTATO

AND WHEAT STARCH

A. DORDEVIC and O. JANClC

Institute of Chemistry, Technology and Metallurgy, Beograd

The oxidation of corn, potato and wheat starch using Ca(OCl)2 solution

under identical reaction conditions was examined. The characteristics of the

products were compared for different oxidant concentrations, which varied

between 1 and 14°/o. At high oxidant concentration no oxidation of potato and

wheat starch took place due to the gelatinization of starch granules. The corn

starch granules were the most resistant.

II—25.

INVESTIGATIONS OF FLOCCULATION PROPERTIES

OF STARCH AMINO ETHERS

O. JANClC and A. DORDEVIC

Institute of Chemistry, Technology and Metallurgy, Beograd

The flocculation properties of synthesized starch amino ethers were

investigated. The flocculation was tested on clay suspension and sugar beet

juice for purification. According to the flocculation activity the starch amino

ethers are classified into 4 groups; sample No. 5 was the best.



in. PHYSICAL CHEMISTRY

in—1.

INFLUENCE OF TREATMENT TEMPERATURE ON THE

NATURE OF SURFACE ACIDITY OF Y-ZEOLITES

M. R. JOVANOVIC

Institute of Chemistry, Technology and Metallurgy, Beograd

The infrared spectra of modificated Y zeolites (Ce—NH«—Y and Ce—

—Na—Y) have been studied in order to identify different structural OH groups

and to determine effects of temperature on their evolution.

Spectra of chemisorbed pyridine have also been obtained and the change

of the Lewis/Bronsted acidity ratio as a function of activation temperature

has been calculated from the optical density of corresponding absorption

bands at 1540 and 1454 (or 1456) cm—'.

Ill—2.

INVESTIGATION OF ZINC-COPPER-CHROMIUM CATALYSTS

FOR METHANOL SYNTHESIS. III. INVESTIGATIONS OF

TERNARY SYSTEMS WITH COMPONENT RATIO

CORRESPONDING TO INDUSTRIAL TYPE CATALYSTS

P. S. PUTANOV, B. P. ALEKSIC, A. TERLECKI-BARICEVIC

Institute of Chemistry, Technology and Metallurgy, Beograd

Continuing the study of two-component zinc-chromium and copper-chro

mium systems and the three-component system with stoichiometric compo

nent ratio, investigations were undertaken of the three-component system

with chemical composition ZnO . 0.51 CrO . 0.25 CuO. corresponding to the in

dustrial type of catalyst, using thermogravimetry, differential thermal analysis

and electric conductivity measurement.

94



95-

Characteristics of catalyst samples synthesised by impregnation and by

coprecipitation of components with variations in sequence of component addi

tion are compared. The results throw light on the nature of the contribution

of individual components to the characteristics of the catalytic system.

Ill—3.

CHEMICAL RESISTANCE OF LEAD ALLOYS IN SOLUTIONS

FOR CHROMIUM PLATING

S. N. MLADENOVIC, LJ. VARGA and B. NOVOKMET

Faculty of Technology and Metallurgy, University of Beograd

Passivated lead sheets alloyed with tin or antimony are chemically stable-

In the usual solutions for chromium plating and in such solutions containing

various amounts of fluorosilicic acid, provided that water is continuously sup

plied in an amount equal to the evaporated water.

Ill—4.

CHROMIUM PLATING IN PRESENCE OF FLUOROSILICIC OR

FLUOROBORIC ACID

S. N. MLADENOVIC and P. RADOVANOVIC

Faculty of Technology and Metallurgy, University of Beograd

The current efficiency for chromium plating cold rolled steel increases-,

with increasing fluorosilicic acid concentration up to a certain limit and then

decreases. In the presence of fluorosilicic acid it increases with increasing

cathode current density.

Up to a certain concentration of fluoroboric acid, the current efficiency

increases to 21°/o, and then decreases with further increase in concentration.

Ill—5.

THE INFLUENCE OF TEMPERATURE AND THE RATIO OF

SPECIMEN SURFACE AREA/SOLUTION VOLUME ON THE

CHEMICAL NICKEL PLATING

D. DORDEVIC, C. PETROVIC and V. ALIMPIC

The influence of temperature in the range 79.4 to 99.4°C on the rate of

electroles nickel plating of low carbon steel (quality C.0146) from an acid

sulphate bath was studied. The dependence of the plating weight on the ratio

of the specimen surface area to the solution volume was determined in the

range 0.125 — 4 [dml/lit] at three temperatures.
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III—8.

PHENOMENON OF STRESS IN ELECTROLESS

NICKEL PLATING COPPER STRIPS

B. ILIC, D. DORDEVIC, C. PETROVIC and V. ALIMPIC

Stress was found in cold-rolled copper strips which were plated on one

side and heat treated under definite conditions in the presence of a protective

atmosphere. The dependence of the strain on the heat treatment and the

strain was studied.

Ill—7.

POLAROGRAPHIC BEHAVOIR OF MOLYBDENUM IN

CONCENTRATED SULFURIC ACID IN PRESENCE

OF HYDROQUINONE

G. EL INANY and D. S. VESELINOVIC

Institute of Physical Chemistry, Faculty of Sciences, University of Beograd

and Institute of Chemistry, Technology and Metallurgy, Beograd

During the reduction of molybdenum in concentrated sulfuric acid

(84.6% w/w) in the presence of hydroquinone only one well-defined wave was

obtained, whose diffusion current was independent of time and hydroquinone

concentration but was directly proportional to the concentration of molybdate

ion. The two maxima observed on reducing Mo(VI) in concentrated sulfuric

acid are suppressed by addition of hydroquinone (concentration more than

twice that of molybdate ion) giving an excelent quantitative wave. The half-

-wave potential of this wave, referred to the mercury pool anode, depends

■ on the molybdate ion concentration (—0.282 V at 2.6 . lO-^M and —0.345 V at

6.25 . 10—»M) and on the concentration of hydroquinone, showing that in this

solution molybdenum can form more than one complex. Reduction with ascor

bic acid to pentavalent molybdenum and recording in the presence of hydro

quinone gave the same wave.

Ill—8.

SPECTROPHOTOMETRIC INVESTIGATION OF COPPER-

-HYDROQUINONE COMPLEXES IN ACID MEDIUM

D. S. VESELINOVIC and G. EL INANY

Institute of Physical Chemistry, Faculty of Sciences, University of Beograd

and Institute of Chemistry, Technology and Metallurgy. Beograd

Evidence for the presence of a 1 : 1 a complex of copper and hydroqui

none was obtained from the influence of pH on the spectrophotogram, by

Job's method, and by a modification of Nach's method. The hypothesized for
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mula of this complex is (CuHQ)+. The pK of this complex at room tempera

ture (18—20°C) and ionic strength \i = 0 was found to be 7.04, and the molar

absorptivity a to be 5.63 at k = 620 nm. In a neutral medium an insoluble

complex is formed.

PROPERTIES OF THE SYSTEM CUPRIC SULFATE-SULFURIC

ACID-WATER. II

S. DORDEVIC, M. PJESClC, Z. STANKOVIC and V. DUNJIC

The Copper Institute, Bor, and Faculty of Technology and Metallurgy,

University of Beograd

The following properties were determined: density, viscosity, electrical

conductivity and vapor pressure, for the temperature range and the concen

trations of sulfuric acid and copper sulfate which are used in the electrolytic

copper refining. The experiments were carried out at 45, 50, 55, 60, 65, and

70°C with concentrations of sulfuric acid between 1.5 and 2.5 M and cupric

cation between 0.5 and 1.0 M.

The density p, viskosity rj and conductivity x at constant temperature

and cupric cation concentration are the following functions of sulfuric acid

concentration:

P = tf + 6-CH!so4 0)

t] - a + b ■ CH2so4 + c • ChjSCu

x = a + b ■ ChjSOi + c • Ch,so4 (3)

For constant temperature and sulfuric acid concentration the following rela

tions are obtained:

p = a + *-CCu2+ (4>

y) = a + 6CcU2+ (5)

x = a + 2>.CCu8+ + c-Ccu2+ (fy

The coefficients a, b and c are determined by the least square method and

given in tables.

Vapor pressure at constant temperature is not a function of the concen

trations of sulfuric acid and cupric cation in the measured concentration

interval.

The results will be used to prepare nomograms for more economical

electrolytic copper refining, in electrochemical engineering design and for

a better understanding of the copper sulfate-sulfuric acid-water system, and

hence of concentrated electrolyte solutions in general.
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III—10.

THE EMISSION ELECTRONIC SPECTRUM OF THE

12ClsO" MOLECULE. THE I NEGATIVE SYSTEM

J. JANJIC, D. PESIC and D. JANKOVIC

Faculty of Technology, University of Novi Sad, and the Boris Kidrii Institute

of Nuclear Sciences, Vinio

J
The I negative system of the I!ClsO+ molecule in the region between

2080—3200 A in a carbon hollow cathode discharge tube which contained the

mixture of the "C1bO and helium was examined. The spectrum was taken in

the first order of a 6 m Eberths spectrograph. A vibrational analysis was car

ried out. The measured isotope shifts confirm that the CO molecule emits the

observed spectrum.

m—it.

VIBRATIONAL SPECTRA OF TRIPHENYLPHOSPHINE OXIDE

AND TRIPHENYLARSINE OXIDE COMPLEXES OF

TRIHALIDES OF THE ELEMENTS OF THE FIFTH

MAIN GROUP OF THE PERIODIC SYSTEM

D. HADZIC and S. MILlCEV

Department of Chemistry, University of Ljubljana

Some adducts of trihalides of elements of the fifth group with the oxo-

-bases triphenylphosphine oxide and triphenylarsine oxide were prepared.

Raman and infrared spectra were recorded (70—4000 cm—1). Both oxo-bases

are shown to be coordinated through oxygen. New bands are assigned to the

metal-oxygen stretching modes. This and the changes in the spectra of triha

lides are used to discuss the relative strengh of the intermolecular bond and

the deformation of the trihalide molecule due to complexing.

Ill—12.

NORMAL COORDINATE ANALYSIS OF THE IN-PLANE

VIBRATIONS OF DIMERIC TRICHLOROACETIC ACID

D. HAD2I, M. OBRADOVIC, C. TRAMPUZ and J. KIDRIC

Boris KidriS Institute, Ljubljana

A normal coordinate analysis of the trichloroacetic acid dimer and its

deutero analog was carried out by Wilson's GF matrix method (1,2) and the

modified Urey-Bradley force field (3).
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Infrared and Raman spectra were recorded and assigned. The vibrational

frequencies and force constants were calculated on an IBM 1130 computer

using a modified Schachtschneider's program. The potential energy distribu

tion was also calculated.

The agreement between observed and calculated frequencies is satisfac

tory. The average deviation for 40 observed frequencies is 1.01'/t.

The calculated force constants are analysed and compared with the cor

responding constants for trichloroacetic acid monomer which were calculated

earlier.

l E. B. Wilson, J. Chem. Phys., 7, 1047 (1939).

t E. B. Wilson, J. Chem. Phys., S, 97 (1941).

s T. Shimanouchi, J. Chem. Phys., 17, 245 (1949).

Ill—13.

THE INFLUENCE OF THE SINTERING REGIME ON THE

FLUORESCENT SPECTRA OF PHOTOEMISSION

MATERIALS BASED ON EARTH-ALKALI

SULFIDES AND SULPHATES

D. DORDEVIC, K. NIKOLIC and C. PETROVIC

The influence of temperature and time of sintering on the energy of

fluorescent emission was studied. The first phosphor did not include any rare

earth element, while the other two contained equivalent quantity of Eu and Pr,

included by diffusion into the matrix of the basic material. The temperature

of sintering varied in the range 650—750°C and the sintering time was 5—30

minutes.

Ill—14.

INVESTIGATION OF THE DEGREE OF THERMAL DECOMPO

SITION OF CALCIUM CARBONATE-STRONTIUM

CARBONATE MIXTURE IN A PASSAGE SYSTEM

C. PETROVIC, D. DORDEVIC and A. STEFANOVIC

In a mixture both calcium carbonate and strontium carbonate decompo

sed more rapidly than either by itself under the same conditions. A mixture

of 4 wt. parts of SrCOs and 1 wt. part of CaCOi was studied in the tempe

rature range 650—1100°C during a time of 5 to 90 minutes.
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ni—is.

THE INFLUENCE OF RARE EARTHS ON THE FLUORESCENT

SPECTRA OF PHOTOEMISSIVE MIXTURES OF SULFIDES AND

SULPHATES OF ALKALI EARTH METALS

C. B. PETROVIC, K. L NIKOLIC and D. P. DORDEVIC

The influence of equivalent quantities of five rare earths on the fluo

rescent spectra was studied. The dependence of the fluorescent emission di

stribution on the kind of impurity was established and the positions of the

intensity maxima for six photoemissive materials were determined.



IV. METALLURGY

IV—l.

EXPERIMENTAL INVESTIGATIONS AND PRACTICAL

MERCURY PRODUCTION FROM SUPLJA STENA ORE

M. SPASIC, D. VTJCUROVIC and I. ILIC

Faculty of Technology and Metallurgy, University of Beograd

Results of laboratory and pilot-plant investigations of meroury produc

tion from ores of the Suplja Stena deposit, Avala, are presented. They provi

ded the basis for the construction of an industrial plant now in operation.

IV—2.

CONCENTRATION OF INDIUM IN SOLUTION BY MEANS OF

EXTRACTION WITH ORGANIC SOLVENT

B. DURKOVIC and D. SINADINOVIC

Faculty of Technology and Metallurgy, University of Beograd

Determination of indium concentration in low grade solutions by means

of extraction with ethylester benzoic acid and with diethylhexyl phosphoric

acid is described. The solution used for concentration of indium is obtained

by leaching the zinc slurry. The following has been tested: optimum phase

ratio in extraction, time of mixing and separation of phases, and optimum

phase ratio during the reextraction, of indium from the organic phase. The

reextraction is done with 6—9N hydrochloric acid. The results show that the

greatest concentration of the indium solution obtained is 80 times as much

when the extraction is done with benzoic acid, while with diethylhexyl pho

sphoric acid a concentration 600—800 times greater can be obtained. The

recovery of metal in extraction and reextraction is very high (90—95%>).

The solution obtained by concentration of indium by extraction with

diethylhexyl phosphoric acid can be used for direct extraction of indium.

101
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IV—3.

TUBE DIGESTER LEACHING OF BAUXITE BY BAYER

PROCESS

S. MARKOVIC and R. VRACAR

ITMS, Beograd and Faculty of Technology and Metallurgy,

University of Beograd

Leaching bauxite by the Bayer process in a tube digesters is becoming

increasingly interesting. According to literature data, laboratory results indi

cate that the process parameters are profondly changed. A review of process

characteristics of tube digester is given and structural details and results

obtained with a laboratory unit at ITMS are presented.

IV—4.

PRODUCTION OF A FERO-SILICON-ALUMNUM BY

ELECTROTHERMIC REDUCTION OF WHITE BAUXITE

D. CVETANOVIC

Institute for Technology of Nuclear and Other Mineral

Raw Materials, Beograd

Experiments on electrothermic reduction of white bauxite were done

in a laboratory monophase arc furnace. Results indicate the possibility of

getting an Al-Si-Ti ferro alloy which can be used as a compound deoxidator

in steel production. The process is economical thanks to the lower power

consumption per unit aluminum present in the alloy then in electrolytic re

duction of alumina.

IV—5.

CHLORINATION OF NICKEL SILICATE AND POSSIBILITIES

OF UP-RATTING IT WITH GASEOUS CHLORINE

I. ILIC and D. VUCUROVIC

Faculty of Technology and Metallurgy, University of Beograd

Nickel is present in nickelferous ores predominantly in the form of

nickel silicates. This is why investigations of the reaction between nickel

silicate and gaseous chlorine are not only of theoretical but also of practical

interest. Possibilities for stepping up the chlorination of nickel silicate have

been investigated and results are presented.
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IV—6.

SMELTING OF NICKELIFEROUS ORES

V. G. LOGOMERAC

Faculty of Technology, University of Zagreb, Metallurgical Department, Sisak

The introduction reviews possibilities of treating Yugoslav nickeliferous

ores. Then practical trials of smelting in electric and blast furnaces carried

out in Yugoslavia are described.

From a study of the smelting of these ores from various mines we were

able to make a survey of all the possible variations and to examine the pos

sibility of estimating the quality of the product and the process economics.

Considering the relatively small market for direct use of the quality of

Iron produced in Yugoslavia, the question of exploitation of the country's

nickeliferous ores js still acute.

IV—7.

SULPHUR REMOVAL FROM IRON THROUGH SLAG INTO AN

OXIDIZING GAS PHASE

N. GAKOVIC, Lj. NEDELJKOVIC, P. BOGOSAVLJEV and A. CAVIC

Faculty of Technology and Metallurgy, University of Beograd and Institute

of Chemistry, Technology and Metallurgy, Beograd

Laboratory scale experiments show that the reaction of sulphur tran

sport from the iron through blast-fumace-type synthetic slag at 1400°C pro

ceeds undisturbed. Material balances of sulphur for a series of experiments

are given and possible rate controlling steps of the reaction are discussed on

the basis of a postulated mechanism of sulphur transport from iron into slag

and from slag into the oxidizing gas phase.

IV—8.

THE INFLUENCE OF THE DEOXIDATION PROCESS AND

INGOT HEATING CONDITIONS OF TECHNOLOGICAL

PLASTICITY OF STEEL

B. PEROVIC and Z. STEFANOVIC

Faculty of Mining, Geology and Metallurgy, Bor and SIK Iron and Steel

Plants "Boris Kidrii", NikSiC

Causes of low output of billets from ingot rolling C.1190 steel (0.06—

0.12°/o C, 0.10—0.40»/o Si, 0.50—0.90°/o Mn, 0.18—0.26»/o S) and the effect of ingot

heating conditions and deoxidation with high aluminum concentration on

technological plasticity were investigated, and the following data obtained:
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1. low output of billets which occurred in deoxidation of steel with

4 kp/t of ferrosilicium (75%) and 1 kp/t of aluminum resulted from a variable

degree of deoxidation;

2. long heating of ingots at the annealing temperature reduces brittle-

ness of steel in rolling;

3. in deoxidation with 1.5 kp/t aluminum and 2 kp/t ferrosilicium (75%)m

uniform and sufficently high deoxidation is obtained, as well as satisfactory

plasticity;

4. aluminum up to 0.04% with the optimum amount of sulphide inclu

sions does not reduce steel workability in automatic machines.

IV—9.

MODIFICATION OF THE NEMA-TEST FOR ANNEALABILITY

DETERMINATION OF OXYGEN-FREE COPPER

M. PESIC, S. TODOROVIC, V. MILENKOVIC and M. JOVANOVIC

Faculty of Technology and Metallurgy, University of Beograd

The paper explains the NEMA-test, a method for determination of wire

softening in the process of lacquering. The same method is now applied for

determination of annealability of oxygen-free copper wire, as a check of wire-

bar through quality control of melts. First experimental results in this appli

cation are given. In this experiment mechanical properties were measured

simultaneously. Investigations were carried out in the region of 84—99% re

duction by cold drawing because of the present technical interest of high

reductions.

IV—10.

INFLUENCE OF LEAD IN OXYGEN-FREE COPPER ON THE

RECRYSTALIZATION TEMPERATURE

S. TODOROVIC

Industrija kablova Svetozarevo

The influence of lead in ETP copper on the recrystalization temperature

is very small, but is very significent in case of oxygen-free copper. Special

dificulties arise with electrical resistance annealing in continuous drawing

of soft copper wire containing lead. The occurrence of unannealed wire called

for investigations in this field. One of these investigations determined the

recrystalization temperature, which helps in the construction of recrystali

zation diagrams for different lead contents. Experimental technique, determi

nation of lead content and testing methods are described. Experimental results

and an interpretation of the recrystalization diagrams are given.
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IV—11.

INFLUENCE OF THE "SHAPE COEFICIENT" ON THE

ANNEALING OF Al SHEETS

M. PESlC, S. BILIC, N. VORONCOV and V. MILENKOVIC

Faculty of Technology and Metallurgy, University of Beograd

In the final annealing of aluminum sheets, shape coefficient has a very

important influence. It expresses the relation between deformation properties

of the strain hardened metal and initial and final sheet thickness, and its

Influence on the properties of the annealed sheet. Experimental data on the

influence of shape coefficent on the mechanical properties and annealing con

ditions for aluminum sheets in the final thickness range 0.3 mm to 0.05 mm

are given. The results show that the temperature of soft annealing decreases

with increasing final sheet thickness. For a certain ratio between amount of

cold reduction and final sheet thickness it is dificult to obtain complete

softening of the metal by annealing, and the mechanical properties remain in

the semi-hard domain.



V. TEXTILE CHEMISTRY AND TECHNOLOGY

V—1.

CHEMICAL AGENTS TO DETECT CHANGES IN

POLYCAPROAMIDE FIBER STRUCTURE

R. JOVANOVIC and N. SLAVEJKOV

Faculty of Technology and Metallurgy, University of Beograd

Drawing is one of the most important phases in polyamide fiber pro

duction, where great changes of structure and properties of the fiber occur.

To determine the structural changes methods of structural analysis are mainly

used, but they require expensive equipment and much time for preparation

of the samples. Therefore, the aim of our work was to study the possibility

of using common chemical agents to detect structure changes in polycaproa-

mide fibers caused by tension.

Tests were performed with Supralen fiber produced by "Progres", Pri-

zren, in a continuous process.

Batches of fresh-formed fibres with different contents of low-molecular

fractions were conditioned for different time-periods, and afterwards were

drawed at different temperatures and different drawing tensions. Some orga

nic and inorganic acids, and some other organic compounds, were used as

chemical agents. The effects of those reagents on the fiber were examined

by microscope and filmed.

V—2.

INFLUENCE OF DRAWING PARAMETERS ON

POLYCAPROAMIDE FIBER ORIENTATION

R. JOVANOVIC, G. SLAVEJKOV and A. LUClC

Institute of Chemistry, Technology and Metallurgy, Beograd, and "Progres",

Industrija sintetiCkih vlakana, Prizren

We investigated the influence of fiber history, content of low-molecular

fraction, and the time of conditioning on behavior of polycaproamide fiber

under drawing. The degree and temperature of drawing varied depending

on the history of the fiber.
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Tests were performed with Supralen — a domestic polyamide fiber

produced by "Progres" in a continuous process.

Optical birefringence (using an iterference method) was found to be an

indicator of the average orientation of amorphous and crystaline areas.

V—3.

WOOL GRAFTING BY VINYL MONOMERS

R. JOVANOVlC

Faculty of Technology and Metallurgy, University of Beograd

We studied the effects of grafting reaction parameters (temperature,

time, and concentration of monomers) on the rate and degree of grafting of

some vinyl monomers on wool of different qualities.

Persulphates, hydrogen peroxide, ferrous salts-hydrogen peroxide, and

other compounds were used as initiators of grafting reactions. Grafting was

performed in aqueous solutions with or without the presence of wool swelling

agents in a protective atmosphere.

As criteria of changes in the wool caused by the reaction initiators, or

by other additives and polymers contained in the fiber, we took some physical

and mechanical properties, swelling, and solubility in some chemical agents,

(urea bisulphite and performic acid).

Some correlation was found between the degree of grafting and the solu

bility tests. It could be expressed by the following formula RA = a (1-e—M),

where Ra = percentage decrease in solubility; a = parameter depending upon

the kind of monomer; b = parameter depending on the reaction conditions;

t = time of grafting.



VI. CERAMIC

VI—1.

A CONTRIBUTION ON THE PROBLEM OF THE GENESIS

OF GYPSUM

S. STOJADINOVIC

Faculty of Civil Engineering, University of Sarajevo

There are three theories on the genesis of gypsum. For structural charac

terization of different varieties of gypsum differential thermal analysis. X-ray

analyisis, and microscopic examination were used

VI—2.

THE USE OF WHITE POZZOLANIC MATERIAL IN THE

CEMENT INDUSTRY

P. SAPUNOV, M. MATKALIEVA and B. PAVLOVSKI

Faculty of Technology, University of Skopje

There are many volcanic beds in Macedonia but the one near Stip is parti

cularly interesting. It is a highly siliceous natural volcanic rock which has the

following approximate composition: silica (SiOa), 95 percent; alumina (AltOs),

2.5 percent; iron oxide (FesOs), 0.03 percent; lime (CaO), 0.70 percent; magnesia

(MgO), 0.08 percent; soda (NasO), 0.01 percent; potash (KsO), traces; ignition

loss 1.50 percent; total 99.82 percent. It occurs as a white finely porous

aggregate and so it is a light-weight rock.

Tests have been made with this material and it has been found to have

pozzolanic properties.

Samples were made by mixing portland cement and this material from

5 to 80 percent. Some of them gave satisfactory mechanical and physical cha

racteristics.

In all cases the difference between the heat of hydration of portland

cement and of the mixture was determined.
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PABHOTE>KA nAPA-TEHHOCT 3A CHCTEM ADETOH-

-TETPAXJIOPyrjbEHHK-BEH30JI nPH H30EAPCKHM

yCJIOBHMA*

OA

AJIEKCAHJPA 7K. TACHTiA, JXPATOMHPA B. BYKYPA, BOJAHA

JX. 'BOP'BEBH'RA h flyiUAHA M. CHMOHOBHTiA

y b o a

Meroae npeacKa3HBaH>a TepHepHHx paBHOTe>KHHx noaaTana napa-

-TeiHOCT oa 3HaMaja cy y cnywajeBHiwa naaa He nocroje oaroBapajyhH eKcne-

pHMeHTajiHH paBHOTe>KHH noaaun. IlocTojH BHine Meroaa 3a pemaBaifce

OBor Ba>KHor npo6jiejwa. Kphthikh ocbpt Ha nocrojehe Meroae aaT je y

.iHTepaTypH^ .

Meroaa Koja je npHMeibeHa y obom paay oaio6ol)eHa je mhoi-hx

HeaocraTaKa KapaKTepHcra^HHX 3a pamije Meroae h oftJiHKyje ce jeflHO-

craBHOuihy npopaiyHa.

Ha ocHOBy eKcnepHMeHTajiHHx noaaTaKa 3a 6nHepHe CHcreMe: aueroH

1 — 6eH30Ji 3; aueroH 1 — TerpaxjiopyrjBeHHK 2 h TeTpaxjiopyrjteHHK 2

— 6eH30Ji 3 H3BpiueH0 je oapeljHBaiie cacraBa napHe cpa3e 3a CHcreM aue-

toh 1 — TeTpaxjiopyrjbeHHK 2 — 6eH30Ji 3.

Ilpemea jiHTepaType noKa3ao je aa cy paBHOTOKHH noaauH 3a OBaj

CHcreM eKcnepHMeHTariHO oapel>HBaHH(12) . rioMeHyTH paa je HMao 3a inub

HcnHTHBaH>e MoryhHOCTH pa3aBajaH>a a3eoTponcKe CMeme aueroHa h Terpa-

xnopyrjbeHHKa ynoTpe6oM 6eH30Jia. 36or rora napaMerpH paBHOTe>Ke Tep-

HepHor cHcreivia HHcy c-apeljHBaHH y qHraBOM noji>y KOHueHTpauHje.

y HameM paay, nn}n je UHJb HcnHTHBaH>e TepiwoaHHaMH^KHx CBoj-

craBa noMeHyTor cHcreMa, npeacKa3aHH cy cacraBH Koer3HcreHTHHX (pa3a

y urraBOM naiby KOHueHTpauHje.

EKcnepHAieHTajiHH noaauH(12) h HauiH pesyjiTara, npeacnasaHH Ha

ocHOBy SHHepHHx BpeanocTH, noKa3yjy cjiaraH>e Koje 3aaoBOJbaBa.

* J[eo OBora paaa npoHirraH je Ha XV caBeroBaifey xc.uimapa CP Cp6Hje 22. I

1970, y Hobom Caay.
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A. HC. TACK'S, fl. B. EYKyP, E. fl. BOP-BEBHR H fl. M. CHMOHOBIi-E

TEOPHJCKH JXEO

OBa Meroaa npeflCKa3HBan>a TepHepHHx paBHOTOKHHx noflaTaKa napa-

-Te^Hocr 3acHHBa ce Ha KopHmheay cBojcraBa (pyHKunje Q(1* 2) Koja,

KOM6HHOBaHa ca Gibbs-Duhem-OBOM pejiaunjoM, aaje H3pa3:

i

(1)

0

XI

0

rn.e cy Yi> Yj"> Y* — KoetpHUHjeHTH aKTHBHOCTH KOJwnoHeHaTa i, j, h k; xk,

x( — mojickh yaejiH KOMnoHeHaTa k h i y CMeniH; Q(k, Q]k — Bpe/XHOcra

4>yHKUHja Q y Ta«n<aMa (ik), ojxhocho (jk); x\.— mojickh yfleo KOiwnoHeHre

i y GHHepHOM cncreMy (i—j) npn 3aaaToj KOHueHrpauHjH KOMnoHeHTe j.

JeflHaMHHe 1. cjiy>Ke 3a ojrpetjHBa&e ojxnoca KoecpnnHjeHaTa aKTHB-

hocth Ghjio koj'hx ABejy KOMnoHeHaTa y cBaKoj Ta^KH TepHepHor cHCTejwa

rpacpH^KOM HHTepnojiauHjoM. JXenajbH OBor rpacpH^Kor nocrynKa npHKa-

3aHH cy y opHrHHanHOM pajry(1).

OBano oflpeljeHe bpcuhocth o/xHoca (y</Ya) ynoTpefijbaBajy ce 3a

H3paiyHaBaH>e KoetpHnnjeHaTa pejiaTHBHe HcnapjbHBOCTH :

* = Y<# tw

~Vm~K (i, *= 1,2,3; !#*) W

rjje cy />? h />° — HanoHH nape KOMnoHeHaTa ink. HanoHH napa kojh 4>h-

rypHiuy y je/jHaimni 3. oflpel)yjy ce 3a cpeflH>y TeiwnepaTypy KJBy*iaH»a

BHHepHHx pacTBopa (ij) h (kj) npn 3aaaToj KOHn,eHrpanHjH KOMnoHeHTe j,

Koja je Hera KaKO 3a o6a SmiepHa pacrBopa, Tano h 3a nocMaipaHy TepHepHy

CMemy.

BpeflHOCTH KoecpHHHjeHaTa pejiaraBHe HcnapjbHBOCTH <Xik npHMeH>yjy

ce 3a H3paqyHaBaH>e pejiaTHBHHx mojickhx KOHnempanHja nojeflHHHx KOM

noHeHaTa y napHoj cpa3n:

ik x'..

* (4j

rae je:

y*——-

yt+yk

Mojickh yaejiH KOMnoHeHaTa y napHoj <pa3H oapel)yjy ce Ha ocHOBy

no3HaTHx BpeAHocTH pejiaTHBHHx mojickhx KOHneHTpauHja noje/THHHx KOM

noHeHaTa npeMa jeflHa^HHaMa:

yi(\—y\J=yz-y\2 (5a)

yi(\—y\d=y*-y'n (5b)

^2(1—y'^^ys-y'u (5c)
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y3 npHMeHy ycnoBa

yi + yi + yz = 1 (6)

KoMfiHHyjyhH jejrHaHHHy 6. ca 6hjio Koje rbc nperxo^He jeflHaiime,

floSHjajy ce no Tpn pa3JiHmrre BpeAHOcra 3a yi, y2 h ya. ApHTMeraHKa cpe/i-

ifea BpeaHOCT obhx TpHjy BejiHiHHa npeflcraBJba TpaweHH paBHOTOKHH

cacraB CBane KOMnoHeHTe y napHoj fyaani.

ITPHKA3 PABHOTE5KHHX nO^ATAKA 3A BHHEPHE CHCTEME

PaBHOTOKHH noflauH 3a 6HHepHe CHcreMe aueroH 1 — Terpaxjiopyr-

jbeHHK 2 h TCTpaxjiopyrjBeHHK 2 — 6eH30Ji 3 eKcnepH/vieHTajiHO cy oape-

ljeHH(3) npH H3o6apcKHM ycioBHMa (p = 760 ± 0,25 mm Hg) MeroflOM

UHpKy.iaHHje napHe cpa3e Ha anapaTypn no Hipkin-Myers-jK45 . JIo6HjeHH

pe3yjrraTH npHKa3aHH cy y Ta6jiHn,aMa I h II. TepMOAHHajvmMKa npoBepa

TAEJIHHA I TABLE

PasuouiejKHu uodauu 3a cucuiej* auevuou 1 — uieiupaxAopyi/beHUK 2 Ha 760 mm Hg

Vapour — liquid equilibrium data for the system acetone 1 — carbon tetrachloride 2 at

760 mm Hg

j\2 t[°C] Xl% yi%
P? pS •g Yi lg Y2 igCYi/rO

[mm Hg] [mm Hg]

1 2 3 4 5 6 7 8

1. 76,53 0 0 1493 760  
0  

2. 74,34 2,0 8,5 1357 707 0,37658 0,00156 0,37502

3. 72,73 3,5 14,0 1294 672,5 0,37088 0,00307 0,36781

4. 70,98 5,6 19,8 1224 637 0,35372 0,00587 0,34785

5. 69,18 8,2 26,5 1156 598 0,32736 0,01161 0,31575

6. 68,63 8,8 27,4 1136 584 0,31869 0,00754 0,31115

7. 67,19 11,3 32,2 1052 562,5 0,31366 0,01398 0,30262

8. 65,98 14,4 36,5 1044 541,5 0,26600 0,01750 0,24850

9. 62,72 24,0 46,6 942 486 0,19479 0,04088 0,15391

10. 60,59 32,0 53,5 879 454 0,15987 0,05869 0,10118

11. 59,03 42,0 59,5 836 430 0,10992 0,09135 0,01857

12. 57,74 54,0 66,3 801 411,5 0,06558 0,13184 —0,06626

13. 56,75 69,6 76,0 777 397,5 0,02979 0,17880 —0,14901

14. 56,40 77,0 80,5 766 392 0,01578 0,19971 —0,18393

15. 56,19 81,5 83,8 760,5 390 0,01157 0,23208 —0,22051

16. 56,02 89,4 89,5 755,5 387 0,00303 0,28896 —0,28593

17. 56,03 95,9 95,5 756,0 387 0,00000 0,33692 —0,33692

18. 56,13 100 100 758,8 388 0 — —

KOHCHcreHTHOCTH HauiHx non.aTaKa je flajia ao6pe pe3yjrraTe. 06pa#a pe-

3yjrraTa MeTOflOM Herington-a(5) h Redlich-Kister-a(6) noKa3ajia je aa je

3a cHcreM 6eH30Ji-TerpaxJiopyrji>eHHK pa3JiHKa noBpuiHHa .lorapHTMa oa-

Hoca KoecJ)HUHjeHaTa 3kthbhocth or cacraBa A S = 0,000323, luto op,vo-

Bapa cHcreMaTCKoj rpeumn npn oape^HBaay cacraBa napHe (})a3e oa 0,25%.

3a CHcreM aneTOH-TeTpaxjiopyrjbeHHK je AS =0,01146, a CHcreMaTCKa

rpeuiKa ncnofl 0,5%. IIpoBepa HecHcreMaTCKHX rpemaKa no mctoak Eyin-

MaKHH-a(7) yna3yje Ha h>hxobo ogcycTBO.

l*



A. )K. TACHE, 3. B. EyKYP, B. P, "BOFBEBKB. m XI M. CHMOHOBIfE

Ilope^eH>e Hauiax noaaTana ca jiHTepaTypHHM 3a CHcreM 6eH30Ji-Te-

TpaxjiopyrjbeHHK yna3yje Ha Bpjio aoGpo cnaraifce ca paaoM Fowler-a h

Lin-a(8J h Bachman-a(iw.

TABJ1HUA II TABLE

PaaitoiuejKHU uodauu 3a cuciueu iueiupaxAOpye/UHUK 2 — 6eH30A 3 Ha 760 mm Hg

Vapour — liquid equilibrium data for the system carbon tetrachloride 2 — benzene 3

at 760 mm Hg

t[°C] X2/0 yi%
v\ 1

0
P3 lg Ys lg(Yt/Y3)

[mm Hg] [mm Hg]

1 2 3 4 5 6 7 8

I. 80,03 0 0 838 760  

2. 79,62 5,5 7,2 827,5 "49 0,08001 —0,00157 0,08158

3. 79,36 9,4 11,7 822,5 -42 0,06074 —0,00083 0,06154

4. 79,06 14,4 16,7 814 -36 0,03455 0,00217 0,03238

5. 78,89 17,4 19,7 811,5
■732

0,02543 0,00389 0,02154

6. 78,43 25,0 27,7 801 723 0,02172 0,00561 0,01611

7. 78,07 32.7 35,4 792 714 0,01653 0,00945 0,00708

S. 77,65 43,3 45,9 782,5 705 0,01263 0,01199 0,00064

9. 77,17 55,4 58,0 771,5 694 0,01296 0,01326 —0,00030

10. 76.99 64,0 65,7 767,5 690 0,00710 0,02078 —0,01368

11. 76,79 72,7 73,7 762,5 6S6 0,00419 0,02896 —0,02479

12. 76,72 79,5 80,0 762,0 6S5 0,00156 0,03423 —0,03267

13. 76,65 83,8 84,1 759,5 6S3 0,00182 0,03822 —0,03640

14. 76,60 88,0 88,2 759 682 0,00156 0,03981 —0,03825

Is- 76,55 93,3 93,4 758 681 0,00138 0,04766 —0,04628

6. 76,53 100 100 "58 6X0 — — —

PaBHOTe>KHH noaauH 3a CHCTeiw aueTOH-6eH30Ji y3CTH cy H3 jiHrcpa-

Type(u), nouiTO cy noKa3ajiH Haj6o.ra»y TepMoaHHaj\umKy KOHCHcreHTHocT

ynorpeGoM hcthx Meroaa npoBepe15-61.

nPHKA3 PE3YJITATA

y paay ce noiiuio oa yHanpea 3aaaTHX cacraBa Tcrne <pa3e, kojh cy

npeflCTaBJbeHH TaMKajvia CHcreMaTCKH pacnopel)eHHM y TpoyraoHOM anjarpaMy.

Tawe Te^He cpa3e Hajia3e ce y npeceKy Jimnija KOHCxaHTHor caap«<aja

6eH30.ia X3 = 0,15; 0,30; 0,50; 0,70 h 0,85 mojickhx yaena, h JiHHHja koh-

craHTHor oflHOca mojickhx yaejia aueTOHa h TeTpaxjiopyrjBeHHKa xi : X2 =

= 0,85 : 0,15; 0,70 : 0,30; 0,50 : 0,50; 0,30 : 0,70 h 0,15 : 0,85. 3a obhx

25 Taiana oape!)yjy ce oaroBapajyhn paBHOTOKHH cacraBH napHe (pa3e.

rio.ia3ehH oa noaaTana 3a Koe<pHHHjeHTe aKTHBHocrH H3 TaojiHija I

h II h .iHTepaTypHHX noaaTaKa(u) 3a chctcm aaeTOH-6eH3oa, rpaepmiKOM

HHTerpaiuijoM oapel)eHe cy BpeaHocrH (pyHKunja Q12, Q\% h Q23 (jeaHa-

mraa 2). BpeaHocra obhx cpyHKunja ynoTpeCrtaBajy ce 3a H3paMyHaBaH>e

jiorapHTaMa oaHOca KoecpHUHjeHaTa aKTHBHOCTH npewia jeaHaqHHH 1. Ha

ocHOBy obhx noaaTana, a 3a Hanpea HaBeaeHe cacraBe KOHCTpyncaHe cy

jiHHHje 1. Ha rpac{)HHHMa cjinna 1, 2. h 3. KpHBe 1. anpoKCHMHpajy ce npa-

bhm jiHHHjaAia, TaKO aa noBpuiHHe OCO h ACA' 6yay jeanaKe. KpHBe 2.
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Ha cjiHKaiwa 1, 2. h 3. ao6HjeHe cy Ha ocHOBy noflaTaKa 3a nojeflHHe 6HHepHe

CHcreMe. H3Aier)y npaBe A' B' h KpHBe 2. BpuiH ce JiHHeapHa HHrepno.na-

ujtja, Koja OAioryhyje aa ce aol)e no o/jpioca KoecpHiuijeHaTa aKTHBHOCTH

3a 6hjio Kojy TaMKy y TpoyraoHOM AHjarpajviy cacraBa. Ha cjihuh 1 . HHrep-

nojiairnjoM cy KOHcrpyHcaHe KpHBe 3a X3 = 0,15; 0,30; 0,50; 0,70 h 0,85

mojickhx y/jejia 6eH30Jia. Ha cjihith 2. npHKa3aHe cy KpHBe 3a X2 0,20;

0,40; 0,60 h 0,80 mojickhx y/jena TeTpaxJiopyrjbeHHKa, a Ha cjihuh 3. koh-

crpyHcaHe cy KpHBe 3a xi= 0,20; 0,40;

0,60 h 0,80 mojickhx yaejia aueTOHa.
 

 

Cji. 1. 3aBHCHOCT lg — ojx cacraBa

Ya

pacrBopa.

1 —

VY2 /.r.

o« x3;

Cji. 2. 3aBHCHocr lg ■— o/j cacraBa

paciBopa.

1 3aBHCHOCT lg

\T3 In.

2 — 3aBHCHOCT lg — Ofl xt npnx3=0.

Y2

2 3aBHCHOCT lg — Oil xx npH x2 = 0.

Ys

Fig. 1. lg — vs. composition plot.

Y2

\Y2/a

vs. x3;

2 — lg — vs. Xi, for x3 = 0.

Fig. 2. lg — vs. composition plot.

Y3

1 — lg f — ) vs. x2;

\Ya /»v.

2 — lg— vs. xi, for x3 = 0.

Y2 Ys
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Cji. 3. 3anHCHocr lg — on cacraBa

Ys

pacTBopa.

1 3aBHCHOCT lg

 

Cji. 4. no-to>Kaj KOHOfla napa-TemtocT y cHCTeiwy aueTOH 1 — TeTpaxjiopyrjbewiK 2

— 6eH30ji 3

• cacrraB Teqne <ba3e

O cavTais napHe 4>a3e

Fig. 4. Nodes for the system acetone 1 — carbon tetrachloride 2 — benzene 3

• — composition of liquid phase

O — composition of vapour phase
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H3 obhx rpacpHKa o,nper)eHH cy oahoch Yi/Y2> Yi/Y3 h Y2/Y3 33 naBe-

aeHe cacraBe TeuHe (J)a3e npeKo koj'hx ce H3pa»ryHaBajy Koe^HipijeHTH

pejiaraBHe HcnapjbHBocra (jeflHamma 3). Ha ocHOBy noflaTana H3 TaSjinne

I h II h jnrrepaTypHHx noaaTaKa(11) 3a CHcreiw an,eTOH-6eH30Ji HafjeHe cy

cpeff&c TeMnepaType KJbyMaH>a h OAroBapajyhH HanoHH napa. IIpHMeHOM

jeaHa^HHe 4. oapef)eHe cy pejiaTHBHe mojickc KOHneHrpanHje y'12, y'13 h

y'23> Koje cy 3aTHM ynoTpe6jbeHe y jeflHaiHHH 5a—5c jja 6h ce o/ipeAHJie

BpeAHOcra yi, y2 h ys. Ha OBaj Hamra cy o/rper)eHe no Tpn BpeflHOcra 3a

csaKH mojickh yfleo napHe <J)a3e Koje cy npnKa3aHe y Ta6jiHUH III. Y Ta6jiHUH

cy TaKorje Rare h hjhxobc cpeaae BpeaHocrH.

PaBHOTOKHH noflann Koer3HcreHTHHX 4>a3a npm<a3aHH cy rpa4)HiKH

Ha cinmH 4. npaBe Jiromje Ha rpa(})HKy noBe3yjy Ta^Ke Koje npeflcraBJbajy

cacraBe 4>a3a y paBHOTe>KH.

flHCKYCHJA PE3YJITATA

AHamm pesyjrraTa npopa^yHa paBHOTOKHor cacraBa napHe (pa3e

VKa3yje Ha ao6po aiaraifce BpeflHOcra yi, y2 h y3 H3pa»iyHaTHX no pa3JiHMH-

thm jejjHammaMa 5a—5c, 6. Ako ce nao KpHTepHjyM 3a BeJumHiry rpeuiKe

>'3Me pa3Jno<a H3Mer)y HajBehe h HajMaite BpeflHocra cacraBa KoiwnoHeHTe

y napHoj (J)a3H (A yi = yimax—yimin) 33 oaroBapajyhn cacraB TeuHe 4>a3e,

oH.ua ce jwo>Ke H3paiyHaTH npoce^Ha rpeuiKa 3a CBe nociwaTpaHe TawKe.

npoce^Ha rpeuiKa 3a aueroH h3hoch 0,94, 3a TeTpaxjiopyrjbeHHK 0,79, a

3a 6eH30jr 0,97 mojickhx nponeHaTa. MoncKa npoceMHa rpeuiKa 3a CBe TpH

Ko.wnoHeHTe npeflcraBJBa noTBp/ry ncnpaBHOCTH nejior nocrynKa npopanyHa

paBHOTe>KHor cacraBa napHe (J>a3e y obom TepHepHOM CHcreiviy.

OBano oaper)eHe BpeflHocra cacraBa napHe cjme CHcreivia aneTOH-

-TerpaxjiopyrjbeHHK-6eH30Ji Mory 6hth ynope^eHe ca eKcnepHMeHTajiHHM

BpeflHOCTHMa Subbarao-a h Venkata Rao-a(12) y aejiy KoiujeHTpauHOHor

nojba y KOMe cy encnepHMeHTH H3Bol)eHH. Y TaSjiHUH IV aaTe cy ynopeflHe

BpenHOcra mojickhx yaejia napHe (pa3e nojeflHHHX KOMnoHeHara H3pa*ryHa-

thx no MeTOAH Koja je y obom MJiaHKy pa3pal)eHa h eKcnepHMeHTajiHO oflpe-

tjeHHX Bpe/jHOCTH(12). JIo6po Mer)yco6HO cjiara&e yKa3yje Ha to j\a ce CBe

BpenHOCTH mojickhx yuejia napHe (pa3e Koje cmo ojjpel}HBajiH 3a uejio koh-

ueHTpanHOHO nojbe Mory CMaTpaTH noy3aaHHM.

H3BOJ

y pajry cy flara napaMerpH paBHOTOKe napa-TeiHocr 3a TepHepHH

CHcreM aneTOH-6eH30Ji-TeTpaxjiopyrjbeHHK npn H3o6apcKHM ycjiOBHMa. Obh

noaauH cy aoGhjchh Ha ocHOBy eKcnepnMeHTajiHo o^pel)eHHx paBHOTe>KHHx

napaMerapa 3a GmiepHe CHcreMe: aneTOH-TeTpaxjiopyrjbeHHK, 6eH30Ji-Te-

TpaxjiopyrjbeHHK h JiHTeparypHHX nogaTaKa 3a CHcreM aueTOH-6eH30Ji.

PaBHOTOKHH cacraBH KOMnoHeHaTa y napHoj (J)a3H o^pel)eHH cy no

MeroflH B. B. KoraHa h B. M. Cac})poHOBa(1).

TexHO^oniKO-MeTajiypmKH (JiaKyjiTeT, Eeorpaa, npHMJteno 10. jyHa 1970.

Hhcthtjt 3a xeimijcKa, TexHOJiouiKa h MeTajiypuiKa

Hcrpa>KHBaH>a, Eeorpa.i
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SUMMARY

iSOBARIC VAPOUR-LIQUID EQUILIBRIA FOR THE SYSTEM

ACETONE-CARBON TETRACHLORIDE-BENZENE

by

ALEKSANDAR 2. TASlC, DRAGOMIR B. BUKUR, BOJAN D. DORDEVIC and

DUSAN M. SIMONOVIC

Vapour-liquid equilibrium data for the ternary system acetone-carbon

tetrachloride-benzene at isobaric conditions are presented. These data were

obtained on the basis of experimentally determined equilibrium data for

binary systems: acetone-carbon tetrachloride, benzene-carbon tetrachloride

and literature data for the system acetone-benzene.

The equilibrium concentrations of components in the vapour phase

are determined using the method proposed by Kogan and Safronov (1).

Faculty of Technology and Metallurgy, Beograd Received June 10. 1970.

Institute of Chemistry, Technology and Metallurgy,

Beograd
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nPEBOjmH BPOJEBH KATJOHA y OyHKIJHJH OR TEMIIEPA-

TypE h kohhehtpaiihje

(CHCTEM: XJIOPOBOflOHHHHA KHCEJIHHA — BO.0A)

Ofl

HAflEJKJIE -B. JAKOBJBEBHTi-XAJIAH

IIo3HajyhH npoMeHy npeBOflHHX 6pojeBa ca TeMnepaTypoM, npHTHCKOM

h KOHneHTpaiflijoM, iworjie 6h ce H3payyHaTH h oaroBapajyhe npoMeHe y

eKBHBajieHTHHM joHCKHM npoBOfljbHBOCTHMa Koje KapaKTepHiuy jOHCKe

napajwerpe Be3aHe 3a HBrepaKUHjy joH-pacTBapati.

EKBHBaJieHTHa JOHCKa npOBOflJbHBOCT KaTJOHa HJIH aHJOHa

l± = n±X, (1)

rae je n± npeBOflHH 6poj KaTjc-Ha, omhocho aHjoHa, a Xe eKBHBajieHTHa

npoBOfln>HBOCT ejieKTpojiHTa, h ohh cy 4)yHKUHja TeiwnepaType. ,HH(j)epeHUH-

pa&eM jeAHaMHHe (I) no TeivuiepaTypH flo6Hja ce 3a KaijoH, oahocho aHjoH:

H+ =K*JL++n+A± (2)

dt dt dt

dl~ . drr _d\t .

— =Xe +n —— (3)

dt dt dt

Ca6HpaH.ei« jeflHaMHHa (2) h (3) h y3HAiajyhH y o63Hp aa je

„+ + „-=! (4)

dn + _ dn~

dt dt

(5)

ao6nja ce H3pa3

* + +*'- =^ (6)

dt dt dt

rio3HajyhH cafla eKBHBajieHTHe joHcne npoBO/jptHBOCTH y (pyHKUHjn

oa TeMnepaType (no3HaTe cy 4>yHKUHje eKBHBajieHTHe npoBO/jJbHBOCTH or

TeAinepaType 3a HH3 ejieKTpojiHTa), MOH<e ce H3paHyHaTH HH3 BejiHMHHa

craif.a flaTor CHcreMa (1).

119
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y obom pa^y HMaheMO 3a unih naHa.ia>Keibe oSjiHKa (JjyHKimje npe-

BOflHor 6poja n+ on TeMnepaType h KOHuempauHje xjiopoBOflOHmiHe KHce—

jiHHe y boah, Tj. npoHa.ia>KeH>e MaTeMaraiKor H3pa3a 3a cpyHKimjy

»+ =/(«, 0 (7)

rae je n+ npeBoaHH 6poj BoaoHHiHor joHa, m MOJia.™ocT*, a t Te.wnepaTypa

y °c.

BpeflHOCTH KaTjoHCKHx npeBOflmrx 6pojeBa npeMa paay Harned-a 11

Dreby-a (2) npeACTaBaiH cmo rpadwiKH y cpyHKUHjH on TeMnepaType (0

AO 50 C) 3a ManajiHOCTH oa 0 j\o 0,2 m** (c.i. 1).

 

C/iuKa 1. Figure

IlpeMa o6;iHKy nojeflHHanHHx (JjyHKUHja «m = / (0 (HHfleKC m 03Ha-

waBa MOJia.iHOcr) Moryhe je 3ai<JbyMHTH aa ce OBa 33bhchoct iwowe ormcaTH

jiHHeapHOM jeAHaiHHOM

n+ = Km-t + bm (8j

tj. aa je

(—) ■ konst. (9)

* Mojiajma KOHneHTpauiija He saBHCH on TeMnepaType.

** 3a KcmueHTpauHje KHcejiiiHe Behe on 0,2 m nawe ;ipyre 3aKOHHTOCTH, urro

H3a 4>aKTOp BKTHBHOCTH.



ITPEBOAHH BPOJEBH KATJOHA y *yHKUHJH OA TEMFIEPATyPE H . . . 121

Ilpeiwa oSjihkv CHona npaBHx nm = f (r) (cji. 1) mojkc ce 3aKJ&yqHTH

Aa noerojH TeMnepaTypa (rz) npn Kojoj BpeflHocr npeBOAHor 6poja (nz) He

3aBHCH oa KOHneHTpauHje (HHflenc z 03Ha*iaBa 3ajeAHHm<y BpeflHOcr).

JeaHaMHHa (8) Morjia 6h ce HaimcaTH y o6.iHKy:

n+—n+=Km(t—tt) (10)

r^e je

npHMeityjyhH mctoa HajjwaifcHx KBaapaTa Ha noaaTKe yHouieHe y

jeAHa»iHHy (8), iwory ce H3paMyHara BpeflHOCTH npeBOAHHx 6pojeBa («,tr.)

Ha AaTHM TeiwnepaTypajvia ca MerapH 3Ha^ajHe HH(J)pe (y papy (2) cy OBe

BpeflHOCTH aaTe ca Tpn 3HaiajHe in«|)pe), KoecJmuHjeHT Km a bm (bpcahoct

n+ Ha 0°C) 3a nojeflHHe KOHueHTpaimje.

H3pa^yHaTe BpeflHocra KOHcraHTH Km h bm ca BejunnmaMa cpeflH>Hx

KBaapaTHHx rpeuiana jj,aie cy y Ta6jiHUH I.

TAEJIHUA I TABLE

m (mollkg) Km ■ 103 (step-i)

0 —1,022 ± 0,006

—1,005 ± 0,005

—0,978 ± 0,007

—0,955 ± 0,007

—0,927 ± 0,009

—0,887 ± 0,009

—0,818 ± 0,007

0,8468 ± 0,0002

0,8492 ± 0,0002

0,8500 ± 0,0002

0,8510 ± 0,0002

0,8528 ± 0,0003

0,8543 ± 0,0003

0,8552 ± 0,0002

0,005

0,01

0,02

0,05

0,1

0,2

Ako ce rpa({)HMKH npHKa>Ke 3aBHCHOcr Km oa m, Mo>Ke ce 3aKJbymrrH

Aa je Km 4>yHKHHja cnefleher oSjiHKa oa m :

Km = a-nfi+c (12)

Maaa je KOHcraHTa c AaTa npeiwa eKcnepHMeHraJiHHiw noAaHHAia h

H3hoch Km„0 = — 1,022 (step-1), mh cmo je h H3paiyHa.iH (3) 6HpaH>e.w

Tpn napa KoopflHHaTHHx Taiana ca anjarpaMa Km= /' (m) y3 ycjiOB Aa je

ntz = ■s/m\ . W2. TaKO H3pa*iyHaTa BpeAHOCT c npeMa

e= ^g-*? (13)

K\ + K%— 2 K3

h3hoch —1,027- IO-3 (step"1).

JeAHa^HHa (12) MOH<e caga Aa Aoonje o6jihk jimieapHe jeAHaiHHe

log (Km — c) = b ■ log m + log a (14)
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IlpHMeHOM MeTOAe HajiwaifcHx KBaflpaTa Ha jeflHamiHy (14) aooHjajy

ce BpeflHOCTH 3a b h log a.

b = 0,558 ± 0,055

log a = —3,270 ± 0,095

npejwa ancojiyrHoj BpeflHocra b MOHte ce 3aKJBy*nrrH aa jeuHamma (12)

npeflcraBJBa npn6jiH>KHO 4>yHKUHjy o6jiHKa:

Km= a Vm + c (15)

Ca npeTnocraBKOM OBaKBe 3aBHCH0cra BpeaHOcm KOHcraHTH a h c H3paqy-

HaTe mctomom HajiwaBbHX KBa,apaTa H3HOce:

a = (0,458 ± 0,018) 10-3 (kgi^mol-i/^tep-1)

c = (—1,027 ± 0,004) 10-3 (step-i)

(c HMa Hcry BpeflHocr Kao npeivia (13)).

JeflHa^HHa (15) cafla rjiacn:

Km = (0,458 10-3 y/m— 1,027 • lO"3) (step-i) (16)

ripeMa (10) h (16) ao6Hja ce H3pa3:

r& -nt = (0,458 y/m — 1,027) 10~«(r-r,) (17)

CHon jeflHaHHHa n+ = f (t) npojia3H Kpo3 Ta*n<y nt , tzn aaT je H3pa30M

nZ = Km-tt + nttm.0) (18)

Ca noaaqHiwa H3 TaGjunje I y3 npHMeHy MeToae HajiwaifcHx KBa^paTa Ha jea-

Ha*najy (18) H3payyHaTe cy BpeflHocra

t, = (—41,0 ±4,7) °C

nz = 0,8899 ± 0,0045

IlpeMa jeAHa^HHH (17) h BpeflHOCTHAia 3a n£ h tz MOHte ce HanHcara

jeflHatiHHa Koja flaje BpeaHOCT npeBOflHor 6poja BOflOHHiHor joHa y (pyHK-

uhjh 03 MOJiajiHOCTH (go 0,2 m) h TeiwnepaType (go 50°C)

=0,8478— 1,027- 10"3 i + Vm- lO"8 (0,457 t + 18,78) (19)

hjih y onurreM o6.iHKy

+ + / d n \ dKm , .

»m, r = «m. t-0 + — " t + —™, (t-tz) (20)

\dt/m-o dym

H3paMyHajiH awo BpeflHOCTH npeBOjnmx 6pojeBa npeiwa jeAHamnni

(19) apyrn pea y KanoHaMa no TeiwnepaTypH h MOJiajiHOCTH Ta6jiHn.e (2).

y npBOM peay Here Ta6jinne Hajia3e ce eKcnepHMeHrajiHe bpchhocth npeiwa

paay Harned-a h Dreby-a rapaiyHaTe ca uerapH 3HayajHe in«Jjpe. ITocJie/nia

BepTHKajiHa KOJioHa h nocjiefliiH pea npeflcraBJiajy ancojiyTHe BpeflHOCTH

cpeflH>e apHTMenmKe rpeuiKe H3Mel)y nspa^yHaTe h eKcnepHMeHToiw oape-

fjeHe BpeflHOCTH npeBOflHHx 6pojeBa no MOJiajiHOCTH h TeMnepaTypaMa.
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1

0,0006 0,0006 0,0006 0,0006 0,0005 0,0006 0,0006 o

0,00061

0,0006

< 3* 3

0,20 0,8552 0,8562 0,8511 0,8521 0,8470 0,8479 0,8429 0,8439 0,8388 0,8398 0,8348 0,8354 0,8307 0,8315 0,8266 0,8275 0,8225 0,8232 0,8184 0,8192 0,8143 0,8151 0,0009

0,10 0,8543 0,8537 0,8499 0,8494 0,8454 0,8449 0,8410 0,8405 0,8366 0,8361 0,8321 0,8317 0,8277 0,8273 0,8233 0,8229 0,8188 0,8184 0,8144 0,8141 0,8100 0,8097 0,0004

0,05 0,8528 0,8520 0,8482 0,8474 0,8435 0,8427 0,8389 0,8381 0,8343 0,8335 0,8296 0,8289 0,8250 0,8243 0,8204 0,8197 0,8157 0,8150 0,8111 0,8104 0,8065 0,8058 0,0007

M
J? 0,8510 0,8505 0,8462 0,8457 0,8415 0,8408 0,8367 0,8360 0,8319 0,8313 0,8271 0,8264 0,8224 0,8216 0,8176 0,8168 0,8128 0,8119 0,8080 0,8072 0,8030 0,8024 c

c

(N
O

~o

E
o"

s

a

0,01 0,8500 0,8497 0,8451 0,8448 0,8402 0,8398 0,8353 0,8350 0,8304 0,8301 0,8256 0,8251 0,8207 0,8202 0,8158 0,8153 0,8109 0,8104 0,8055 0,8011 0,8007 0,0004

0,8492; 0,8491

oc

c

0,005 0,8442 0,8442 0,8392 0,8391 0,8341 0,8342 0,8291 0,8293 0,8241 0,8242 0,8191 0,8193 0,8140 0,8144 0,8090 0,8093 0,8044 0,7990 0,7994 rJ

oc

c e5

©

0,8468 0,8478 0,8417 0,8427 0,8366 0,8475 0,8315 0,8324 0,8264 0,8273 0,8312 0,8321 0,8161 0,8170 0,8110 0,8119 0,8059 0,8067 0,8008 0,8016 0,7957 0,7965 0,0009
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ripeiwa npoueHH Bpe/iHOCTH cpeflite apHTiwenmKe rpemne MO>Ke ce

3aKjbyMHTH aa OBa h3hoch Maite or je,HHHHue nocjieflH>e 3Ha^ajHe u,H(bpe

eKcnepHMeHToiw oapefieHe bpchhocth h aa jeflHamiHa (19) 3aflOBOJi>aBa y

flaToj TeMnepaTypcKoj o6jiacrH h flaToj o6.nacTH KOHueHTpauHja.

Iloce6Hy 3axBannocT flyryjeM npoibecopy hht. flp AneKcaHflpy flecnahy 3a

KopHCHe flHCKycHje, cyrecroje h noapumy y paay.

H3BOH

Pafl npeflCTaBJta MaTeMaTH«n<y cryjTHjy 3aBHCHOCTH npeBOflHor 6poja

BOflOHH^Hor joHa ofl TeivmepaType y CHcreMy xjiopoBOflOHHMHa KHcejiHHa

— BOfla. H3BeaeHa je jeflHamiHa

K, , = 0,8478-1,027- 10~*- t+Vm- 10~3 (0,458 r+ 18,78)

craTHCTH^KOM aHajiH30M noflaTana H3 mnpe oSiiacni TeiwnepaTypa (0 ao

50°C) h KOHneHTpaiyija (0 30 0,2 m).

H3paMyHaTe BpeflHOCTH cjia>Ky ce ca ochobhhm eKcnepHMeHTaJiHHM

noflaujiMa npeiwa Harned-y h Dreby-y (2) y rpaHHuaivia op, ±0,0006.

TexHOJiouiKO-MemnypiiiKH (paKyjiTeT, ripHMJieHO 24. inapxa 1971.

KaTeapa 3a 4>H3Hmkv xeMnjy h eneKTpoxeMHjy,

Beorpafl

SUMMARY

TRANSFERENCE NUMBERS AS A FUNCTION OF TEMPERATURE

AND CONCENTRATION

(SYSTEM: HYDROCHLORIC ACID-WATER)

by

NADE2DA JAKOVLJEVlC-HALAI

This is a mathematical study of the temperature dependence of trans

ference numbers of hydrogen ion in aqueous hydrochloric acid solutions.

Resulting equation

nm, , = 0,8478—1,027- 10"3 f + Vm- 10~3 (0,458 t+ 18,78)

was accurately evaluated from a statistical analysis of a wide range of data

(0—50°C and molality 0—0,2). The calculated values are in good agreement

with those obtained experimentaly (2), within ± 0,0006.

Faculty of Technology Received March 24. 1971.

and Metallurgy

Physical Chemistry

and Electrochemistry Department
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OJIBAJAIbE KETOHA XPOMATOrPAcfcHJOM HA TAHKOM CJIOJV

Ofl

BEJIHMHPA JL OAHHTiA h MHPJAHE B. BOJHHOBHTi

3a xpoMaTorpa(J)CKO o^Bajaibe KeroHa Ha TaHKOM cnojy c pa3JiHMHTHM

pacTBapaiHAia npHMe&eHH cy Kao a«cop6eHCH u,ejiyji03HH npax (1), chjih-

Karen G (2—5), ajiyMHHHjyiH-OKCHfl (2,6), aiieTHJiHpaHa i;enyji03a (3), iwar-

He3Hjyiw-0KCHfl (3), uHHK-Kap6oHaT (3), cKpo6 HMnperraipaH ahmcthji-

-4>opMaMHAOM (7), KHcenryp HMnperraipaH TerpajiHHOM (8) hjih 2-(J)eHOK-

CHCTaHOJioM (9). KeroHH cy nperxoflHO npeBeAerai y 2,4-aHHHTpo(^eHHJi-

XHapa30HC

y paraijeM paay (10) Kao aacop6eHc 3a oflBajaite ajra.exH,na npHiweHHJiH

cmo raipnraiaHH CKpo6 y3 flOAaTaK CHJiHKarena. Y HacraBKy obhx hchhth-

BaH>a ycnciH cmo n.a 6p3o h jeflHOcraBHO oflBojHMO Hene KeroHe npHMeity-

jyhH hcth aacopSeHC.

EKdlEPHMEHTAJIHH flEO

Maiuepuja.i :

neTpojierap (40—70°C) (Carlo Erba), 6eH30ji (Carlo Erba), mipHHMaHH cKpo6 (Carlo

Erba), CHiiMKaren G no Stahl-u (Kemika), 2,4-flHHHTpo<peHHJixH;rpa3HH (Kemika), xjio-

po(popM (Laphoma).

npufipeMawe u.wia

ynoTpeojbeH je nHpmrqaHH CKpo6 y3 aoaaTaK 30% CHJiHKarena h npHAien>cHa je

yooniajeHa xpoMaTorpacbcKa -rexHHKa: 21 g rapHirqaHor CKpo6a h9j cmmKarejia G no

Stahl-u pa3Mym ce y 30 ml flecrajioBaHe BOfle h 20 ml eTaHOJia; flo6njeHa cycneH3nja

naHcce ce Ha CTaKJieHe njione 20 X 20 cm ca „DESAGA" anjimoTopoM y fle6jbHHH on

250 (i. rinoqe cy cyineHe Ha Bas/ryxy, a 3aTHM aKTHBHpaHe y cyuiHHitfi 40 MHHyTa Ha 140°C.

npuupeMatbe 2,4-ouHUuipo^eHu.ixudpa30Ha (2,4-JJH0X-a)

HcnHTHBaHH KeTOHH Ce HCTajIOKe 5%-HHM paCTBOpOM 2,4-AHHHTp0(beHHJlXHflpa-

3HHa y 85%-Hoj (poccbopHoj khccjihhh (11). KpHCTajiH 2,4-JIH<t>X-a ce npoue;ie, ncnepy

pa36jia»eHHM eTaHOJioM h npeKpHcnwiniiy Hentpn ao neT nyra H3 96% eTaHOJia.

OjBajami cy cne^ehH kctohh: aueTOH, MeTHJieTHJiKeTOH, MeTiuinponHJiKeTOH,

UHKJioxeKcaHOH, uHKJioneHTaHOH , aueTotbeHOH h 4-Tepu-6yTHJiirHKJioxei<caHOH.

2
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XpOMatuo.'paifiucarbe

3a nojeAHHawa o;iBajaH>a HaBC^CHHx xeroHa Kao 2,4-JJHOX-a HaHociuui cmo

no 0,001 ml cbokc npnnpeivubeHHX 0,1% pacreopa obhx cyncTamiH y xjiopcxpopMy. Kon

oflBajaita CMeuie pacrBop je npnnpeMJi>eH Ha cjicjehu namm: ofliwepH ce no 0,1 g CBaKe

cyncraHue h flo6HBeHa CMeuia ce pacTBopH y 100 ml xjiopocbopiwa. 3a oABajan>e CMCiue

HaHouicHo je no 0,001 ml OBor pacTBopa.

Kao pacTBapaq ynoTpeGjteHa je CMeuia nerpoJieTap (40°—70°C) -6eH3o;i y oaHocy

(3 : 2) y3 acaaTaK jeAHe Harm BO,ue (Ha 50 ml pacTBapaqa).

XpoMaTorpatpHcaH>e je BpuieHo jeflH0flHMeH3H0HajiH0M yaia3H0M tcxhhkow Ha

co6Hoj TexinepaTypH y Tpajaay on 50 MinryTa, npH Meaiy cppoiiT pacTBapawa npehe nyT

oa 18 cm.

MocJie pa3Biijan>a xpoMaTorpaMH cy cyineHH Ha Ba3flyxy, a H3a3HBan>e Mp.i>a Huje

noTpe6HO, jep cy ttpjbe 2,4-,HH<t>X-a BiuyfcHBe h paanHKyjy ce no HHTeHairreTy 6oje,

Koja Bapnpa on 6jieao>KyTe npeKO napamjacrc 30 jvipKOHapaHuacTe. Mpjbe nocne hcko-

jihko qacoBa Meitajy 6ojy h nocrajy TaMHHje. IIhtchgiitct Mpji>a ce nojaqaBa npcKaH>e.M

xpoMtTorpaMa 1%-hhm pacTBopoM HaTpHjyM-XHapoKCH.na y emHOJiy hjih H3Jia>KyhH ra

napaMa aMOHiijana.

PE3YJITATH H flHCKYCHJA

Rf-BpeflHOCTH 2,4-flHHHTpo(})eHHJiXHapa30Ha xpoiwaTorpacpHcaHHX Ke-

TOHa flaTe cy y Ta6.iHUn I. Ha cjihuh I . flaT je xpoiwaTorpaM obhx cyncraHUH.

CMeuia 7 KeroHa je flofjpo oflBojeHa, a peaocnefl ojiBajaH>a je cjieaehH:

TABJIHUA I TABLE

CynoraHqa y o6jiHKy

2,4-,AH<t>X-a

Rf-BpeflHOCTH UHCTHX
Rf-BpeaHocTii y

cyncraHUH
CMeUIH

Substances in the form

of 2,4-DNPH

Rf-values of pure
Rf-values in mixture

AueroH

Acetone

substances

MenuieTHJiKeTOH

Methylethylketone

0,29 0,32

MeTHJinponHJTKeTOH

0,36 0,40

Methylpropylketone
0,45 0,48

LlHKJioneHTaHOH

Cyclopentanone
0,52 0,53

UllKJIOXeKCaHOH

0,62 0,65
Cyclohexanone

4-Tepu-6yrojmnKJioxeKcaHOH

0,67 0,70
4-terc-butylcyclohexanone

AueTocbeHOH

0,79 0,80
Acetophenone
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START

1 2 1 5 6 7 5

Cjtuxa J. Figure

XpoiwaTorpaM KeTOHa: 1 aueroH, 2 MeTHJierajiKeTOH, 3 MemnnponHJiKeTOH, 4 umcrioxeK-

caHOH, 5 4-Tepii-6yT]iJin,HK.ioxeKcaHOH, 6 unnjioneHTaHOH h 7 auerocpeHOH.

Chromatogram of ketones : 1 acetone, 2 methylethylketone, 3 methylpropylketone, 4. cy-

clohexanone, 5 4-terc-butylcyclohexanone, 6 cyclopentanone and 7 acetophenone

aqeTodpeHOH > 4-Tepq-6yTHJmHKjioxeKcaHOH > uHKJioxeKcaHOH > uhkjio-

neHTaHOH > MenuinponHJiKeTOH > MeTOJieranKeTOH > aueroH. Rf-Bpea-

hocth nojeflMHaiHO h y avieuiH 6mie cy carjiacHe, aJiH cy Rf-BpeAHOCTH y

CAieuiH Heurro bhihc

TeiwiepaTypa y 3HaTHoj MepH yrme Ha xpoiaaTorpadpcKO oaBajaite.

Ha TeivinepaTypaMa npeKO 24°C Rf-BpeflHocrH pacry, a.™ cy o/jBajaiba CMeuie

cjiaSnja, Mafla je HHTeH3HTeT Mpjta HeuiTO jaqn.

OrracaHHM nocrynKOM iwory ce pa3flBO)HTH kctohh y o6jiHKy 2,4-

-,H,H<l>X-a y KOJiHiHHaMa ofl 1 flo 5 \ig. Ilpn BehHM KOHueHTpaHHjaivia Mpibe

cy pa3ByqeHe h HeAOBOJfeHO ourrpe.

y obom paay, npHMeHOM HOBor aflcopSeHca y3 oaroBapajyhH pacrBa-

paM, nocTHTHyTa cy 6p3a h aoGpa oflBajaH>a HcnHTHBaHHx KeroHa, a aooHjeHe

Mpjbe cy npaBmiHor Kpy>KHor o6jiHKa. O/jBajaibe obhx KerroHa HHje no

cayja H3BpiueHO xpoiwaTorpacpHjo/n Ha TaHKOM cnojy h yKa3yje Ha MoryhHocr

KBaHTHTaTHBHOr Oflpel}HBaH>a MHKpO-KOJIHqHHa OBHX KeTOHa.

2*
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H 3 B o n

XpoMaTorpacJ)HjoM Ha TaHKOM cnojy rmpHHMaHH CKpo6-CHJiHKareji y

oflHOcy 7 : 3 oflBojeHa je CMeuia ceaani KeTOHa ca pacreapaieM nerpojieTap-

-6eH30Ji y OAHOcy 3 : 2 y3 aoflaTaK jeflHe KanH Boge. Kctohh cy ojreajaHH

y o6.iHi<y 2,4-gHHHTpoc{)eHH.TXHflpa30Ha (2,4-JXHOX-a).

3aBoa 3a xe.Miijy yHHBep3irreTa IlpHj*ui>eHO 24. cenTeiw6pa 1970.

y Hobom Cany

SUMMARY

SEPARATION OF KETONES BY THIN-LAYER

CHROMATOGRAPHY

by

VELIMIR D. CANlC and MIRJANA B. VOJINOVlC

By means of thin layer chromatography on rice starch-silicagel in ratio

7 : 3, the mixture of seven ketones has been separated by the solvent mix

ture petrolether-benzene (3 : 2) with a drop of water. Ketones were sepa

rated as 2,4-dinitrophenylhydrazones (2,4-DNPH).

Department of Chemistry Received September 24. 1970.

University of Novi Sad,

Yugoslavia
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nOJIAPOrPAOCKO HCIIHTHBArbE MEKOHCKE KHCEJIHHE

OA

JOJIAHJIE M. XOJMAH h AHT.EJIHJE B. 'ByKAHOBIiTi-CTE*AHOBH'R

MeKOHCKa KHcejiHHa je cranaH npaTHJiaH. ajiKaaoHaa onHjyuia. Ceiw

cneHTpo^oTOMerpHjcKHX, no3HaTe cy h nojiaporpacpcKe MeToae 3a oaper)H-

Ba&e MeKOHcne KHceaHHe y onnjyMy. Kirkpatrick (1) je npBH nonaporpadp-

ckh HcriHTHBao MeKOHCKy KHcejiHHy h yrBpflHO aa ce peayKyje y KHcenoj,

HeyrpajiHoj h 6a3Hoj cpeaHHH. OBaj ayrop je 3a oaperjHBaite MeKOHcne

KHcejiHHe npeancoKHo pacrBop CHpherHe KHce^HHe MHje je pH oko 3, jep

ce y HeyrpajiHoj h 6a3Hoj cpeaHHH jaBJiajy jeaaH ao asa Jiouie dpopMHpaHa

TaJiaca. JXo cjihihhx pe3yjiTaTa aomjiH cy Hobza h Santavy (2) npH ncnHTH-

Baiby nonaporpatpCKe peayKUHje MeKOHCKe KHcejiHHe y Britton-Robinson-

-obom nycpepy. OnumpHHja HcnHTHBaita iweKOHCKe KHcejiHHe bpiiihjih cy

rjiaflfciiueB h Tojicthkob (3) y pacrBopHMa HC1, NaOH, KC1 h y aMOHHja^-

hom nycpepy. Obh ayropH cy yrBpaanH aa je y KHcejioj cpeaumi peayKiyija

MeKOHCKe KHcejiHHe peBep3H6miHa h asoeJieKTpoHCKa. Ohh cy npeTnocra-

bilih aa je nojaBa jeaHor ao asa Tajiaca pa3JiHwre bhchhc y 3aBHCHOcrn

oa pH npoy3poKOBaHa pa3JiHmroiM joHCKHM o6jiHH,HMa MeKOHCKe KHcejiHHe.

y UHJty o6jauiH>eH>a MexaHH3Ma peanuHje MeKOHCKe KHcejiHHe Ha

Kanajyhoj >KHBHHoj eaeKTpoaH, mh cmo, nopea iweKOHCKe KHcejiHHe, napa-

jieaHo HcnHTHBajiH h peayKunjy MOHoeTHJiecrpa oBe khccjihhc

EKCnEPHMEHTAJIHH JXEO

Peatmcu — 1. MeKOHCKa KHcejiHHa (3-xnflpoKCH-4-i<eTO-l,4-nHpaH-2,6-nHKap6oHCKa

KHcejiHHa, C7H4O7 . 3H2O) cpHpMe BDH.

2. Ec-rap iweKOHCKe KHcejnme ao6HjeH je H3 6e3BOAHe MeKOHCKe KHce.iHHe no Lau-

tenschlager-y (4).

3. Britton-Robinson-OB nycjiep KOHueHTpaunje 0.04 M y pH o6jiacrn 1.80 — 11.30

npH KOHcrraHTHoj joHCKO) ja«!HHH \± = 0.1 (NaClOi).

Auapaiuu — 1. pH-MeTap ..Radiometer 22"

2. „Cambridge"-nojiaporpacp „Pen recording" THn. ynoTpe6ji>eHa Kamuiapa w«a

cneaehe KapaKTepHcraKe y 0.1 M KC1 Ha noTemrnjajiy — 1 .0 V (ZKE), npH hkor - 58 cm :

t = 2.7 s, m = 3.38 mg sec~1. IIoJiaporpaMH cy y3eni y aTMoccjjepn a30Ta 10 MRHyTa

nocjie npasneiba pacraopa, a 3araM cy noHOBjbeHH nocne 20, 30, 40 h 50 Mimyra. Me-

peita cy BpmeHa Ha co6hoj TeiiinepaTypH.

129
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PE3YJITATH H flHCKYCHJA

noAapoepatfuja MexoHCKe KuceMwe upu pa3Au,HuxuuM pH

y pH o6.aacTH 1.80—2.30 mcKOHCKa KHCCJirara cc peflynyje y je^HOM

crymty ya flo6po (popivmpaH xanac ncre bhchhc aok ce nojiyrajiacHH noxeH-

UHjaji noiwepa na HeraTHBHHjHM BpeflHOCTHMa (cji. 1).

 

IlojiaporpaM

Cjiuko 1. Figure

KHcejime y Britton-Robinson-OBOM

ny<J>epy npH pH 1 .80

Polarogram of meconic acid in Britton-Robinson buffer at

pH 1.80.

c = 2.33 10-* M, (X = 0.1

-0 4 V

Oa pH 3 ao pH 6 BHCHHa TaJiaca onaaa y3 nojaBe AiaKCHAiyMa h mhhh-

MVMa, KoiH ce He Mory e^HMHHHcara floaaTKOM KamuiapHO aKTHBHHX cyn-

craHim. riapaJienHO ce noiwepa h

iE) uv nonyrajiacHH noTeHinijaji (cji. 2,

l_ KPHBa 0-

 

Caukq 2. Figure

3aBiicH0CT E:/2 pH.

Dependence of E'4 on pH.

1 . MexoHCKa KHcejnma — Meconic acid

2. MoHoeTimecrap ;weKoncKe KHcejnme — Monoethylester of meconic acid
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IlpH TOMe ce jaBJba h ppym Tajiac Ha HeraTHBHHje.w noTeHirHjajry,

kojh HHje flo6po 4)opi«HpaH 36or GjiHCKor noTemmjajia pa3JiaraH>a ocHOBHor

ejieKTpojiHTa (en. 3).

Cauko 3. Figure

rio.iaporpaiwH MeKOHCKe KHCejiHHe y

Britton-Robinson-OBOM ny(pepy npH

pa3JiHMiiTHMpH. BpojeBH03HaMaBajy pH.

Polarograms of meconic acid in Britton-

Robinson buffer at various pH. Numbers

indicate pH.

c = 2.33 10-« M, (i = 0.1

Ilpn pH 6.45 nocTojH cajvio Tanac ca HeraTHBHHjHM noTeHUHjaJioM

(EJ/2 = — 1-34 V), kojh je cjiaSo dpopivuipaH. IlpH flajbeM nopacry pH

Hacrajy Ana Tanaca KojH ce cranajy.

AleKOHcna KHceJiHHa je Tpo6a3Ha (H3A). IlpeMa Miyamoto-y h Broch-

mann-y (5) no npBoiw creneHy AncouHjanHje, iweKOHCKa KHceJiHHa je jana.

BpeanocTH 3a pK.2 h pKs, noje cy ayropn oApejouiH noTeHUHOMeTpHjcKH,

H3HOce 2.13, o^hocho 10.10 (fi. = 0.03). Koa Haiiinx nojiaporpa(pCKHx

HcnHTHBaH>a y pH o6jiacTH 1 .80 ao 1 1 .30 Tpe6a y3era y o63Hp OAroBapajyhn

creneH flncouHjaimje mckohckc khccjihuc IlpeMa Toiwe, npH pH 1.80 npBa

flHCOUHjauHja je noTnyHa h nojiaporpadpcKH Tajiac npnnaAa peayKUHjH

jeAHOBajieHTHor aHjoHa (H2A~). Ha pH > 2 flojia3H y o63Hp APyrn cTeneH

AHConHjairnje:

H2A- 5± HA2- + H+

Oa pH 3 pp pH 6 no3HTHBHHjH Tanac Hacraje ycjiea peAyKnnje jeflHOBajieHT-

Hor aHjoHa (H2A-), jep ce oSjihk SoraTHjn npoTOHHiwa jiaKiue peayKyje.

Jlpyrn, HeraTHBHHjH Tajiac npanafla ABOBajieHTHOM aHjoHy (HA2-), riopac-

tom pH KOHueHTpauHja jeaHOBajieHTHor aHjoHa onaaa, na, npejwa Toiwe,

onaaa h BHCHHa no3HTHBHHjer Tanaca. KapaKTep OBor TaJiaca cmo HcnHTHBajiH

Ha ocHOBy 3aBHCHOcra BHCHHe TaJiaca ofl BHCHHe >KHBHHor cry6a y pH

o6.iacra 1.80—5.79 (en. 4).

npaBa Koja OAroBapa Tanacy npH pH 1.80 jiHHeapHo je 3aBHCHa oa

\/hHg h npojia3H Kpo3 KOopAHHaraH no^eTaK, Te 3Ha*m Aa je OBa crpyja

AH(py3HOH0r Kapaicrepa. MefyyrHM, npaBa Koja OAroBapa Tajiacy npn pH

4.33 ceie opAHHaTy, na je OBa crpyja acjihmhhho AHchyanoHor, a acjihmhhho

KHHeTHHKor KapaKTepa. Ha pH > 4,33 BHCHHa Tanaca BHine He 3aBHCH

oa BHCHHe >KHBHHor cry6a, uito AOKa3yje khhcthikh KapaKTep OBe crpyje.

noTBpAa Aa no3HTHBHHjn Tajiac HMa A&nHMH*iHO khhcthmkh KapaKTep

Ao6HjeHa je join H3pa*ryHaBaH>eM KOHcraHTe AnconHjanHje pK2 npeKO nona-

porpadpcKe AnconnjanHOHe kphbc

3aBHCH0CT BHCHHe n03HTHBHHjer TaJiaca OA pH BpjIO je CJIHHHa KpHBOj

Koja ce Ao6nja noTeHnHOMerpHjcKOM THTpannjoM. npn tom ce jaiHHa crpyje

no3HTHBHHjer TaJiaca imin MOH<e H3pa3HTH y % MaKCHMajine rpaHHMHe crpyje

id, Tj. Kao imin ' 102/ id, rAe je id AHdpy3HOHa crpyja npn pH 1.80, Koja

OAroBapa MaKCHAianHoj KOHneHTpanHjH jeAHOBajieHTHor aHjoHa (en. 5).
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JXoSHjeHa npHBa rrpeacTaBJba nojiaporpa(J)CKy aHcounjauHOHy KpiiBy,

a pH BpeflHOCT npn imin = 50% id oaroBapa KOHcraHTH aHcouHjaijHje.

3a pK2 Ha^eHa je BpeaHocT 4.50 (\i = 0.1), nrro je 3a 2.37 pH jeanmma

Beha oa BpeflHOCTH pK2 MeKOHCKe KHcejiHHe ao6njeHe noTeHiiHOMerpHjcKOM

3 LuA
 

Cmikci 4. Figure

3aBiicHOCT BHCHHe Tajiaca oji Y^Hg

BpojeBH 03HaMaBajy pH.

Dependence of the wave-height on

l^fiHg. Numbers indicate pH. c = 2.33

10~« M, (i= 0.1

 

2 3 4 5 6 pH

Cjiuxa 5. Figure

3aBHCHOCT imin ■ 102/ id oa pH

Dependence of imin • 102/id on pH.

c = 2.33 10~< M, |x = 0.1

THTpaiiHjoM (pK-2 = 2.13 npn \i = 0.1). Obo noMepaite npoy3poKOBaHO je

peKOMSHHaiuijoM aBOB&ieHTHor aHjoHa MeKOHCKe Kiice.iHHe (HA2~) h Boao-

hhkobhx joHa. HaHMe, OTi<;iaH>aH>e jeaHonajieHTHor aHjoHa (HoA~) ycnea

iberoBe peayKiuije OMeTa paBHOTOKy aHCoiuijaaHje Ha noBpuiHHH ejieKTpoae.

36or Tora ce aHjoHH HA2- jeauHe ca boaohhkobiim joHHMa y3 CTBapaibe

H^A-, aa 6h ce yciiocraBH.ia paBHOTe>Ka flHcoiiiijaiHije Ha ejieKTpoan noja

oaroBapa flaTOM pH. Yaiea peKOM6nHaiuije KOHueHrpauHja H2A- Ha ejieK-

tpoah je Beha Hero y pacTBopy, Te bhchiw no3HTHBHnjer Tajiaca 3aBHCH

oa 6p3HHe peKOMSnHauHje.

CjiimHO oacrynaH>e no:iaporpa<pcKe aHcouHjau,HOHe KpHBe y oaHocy

Ha noTeHUHOMerpHjcKy THTpaitHony Kpnny npoy.ipoKOBaHO peKOM6HHau,HjoM

nocTojn h i<oa MHornx apyrnx opraHCKHX KHce;iHHa, nao, Ha npmwep: rmpo-

rpo>Kr)aHe (6), OKcaJiHe (7), (pTajiHe (8).

TaJiace npn pH > 6 hhc.mo MoniH anajM3HpaTH, nouiTO cy .iome

CpOpMHpaHH.

nonapoepacfiuja MOHoeuiu/tecuipa MeKOHCKe Ktice/tuHC upu paj/iunuiuuM pH

MoHoeTHTiecrap mckohckc KHcejiHHe je aBo6a3Ha KHcenHHa (H2A),

jep je Kap6oKcmiHa rpyna mckohckc KHce.iHHe y nojiowajy 6 6noKHpaHa

erHJi-paaHKaJiOM (9). IlpBH creneH aHcouHjaiBije MOHoentiecrpa mckohckc
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KHcejirae npnnafla Kap6oKCHJiHoj rpynH y nojioncajy 2, h mh cmo namjiH fla

je oBa flHcouHjauHja jana. Jlpym creneH .micoHHjaiiHje npnnafla xnapoK-

chjiho) rpynH y nono>Kajy 3, a pK2, noje cmo oflpeflmiH noTeHHHOMeTpHj-

CKOM THTpaUHJOM, H3HOCH 8.42 ([i. = 0.03).

IIojiaporpadpcKa pe/ryKHHja MOHoerHJiecrpa mckohckc KHceJiHHe y pH

ooJiacra 1.80—6.45 Bpiun ce y jeAHOM crynH>y y3 crBapaae ao6po cpopMH-

paHor Tajiaca, *iHja ce BHCHHa npanraMHo He iweit>a hh ca npoiweHOM pH hhth

crajaH.eM y TOKy jeaHor qaca (cji. 6).

Caukc 6. Figure

ITojiaporpaMH MOHoeTHJiecTpa MenoHCKe kh-

ceJiHHe y Britton-Robinson-OBOM nycpepy

npu paajiH^HTHM pH. EpojeBH 03Haqa-

Bajy pH.

Polarograms of monoethylester of meconic

acid in Britton-Robinson buffer at various pH.

Numbers indicate pH. C = 2 • 10-4 M,

[x = 0.1

Mer)yrHM, nopacTOM pH nojiyrajiacnH noTeHiinja.! ce nojwepa i<a Hera-

THBHHjHM BpeflHOCTHMa (cji. 2, KpHBa 2).

Kao ihto ce Ha cjihhh 6. bhah, y pH o6jiacTH 1—6 ko/t MOHoern.i-

ecrpa iweKOHCKe KHceJiHHe He flceia3H ao nojaBe nojiaporpachcKe AHCOHHja-

HHOHe KpHBe npH HcnHTHBaiby 3aBHCHOcra bhchhc Taiiaca oa pH. JJoShjchh

Tajiac Ha pH < 6 Hacraje ycjiefl peAyKHHje jeAHOBajieHTHor aHj'oHa (HA-).

Ilo^aporpainH MOHoerfLnecrpa iweKOHCKe KHce:iHHe y pH oSjiacra

1—6 aecJjHHHTHBHO cy noTBpflHJiH aa je nojiaporpadpci<o noHaiuaibe mckohckc

KHceJiHHe y pH o6jiacrH 3—6 npoy3poKOBaHO apyrHM creneHOM ahcouh-

jaiinje iweKOHCKe KHceJiHHe, Koja OAroBapa Kap6oKCHJiHoj rpynH y nojio-

H<ajy 6.

Ha nojiaporpaMHiwa MOHoeTHnecrpa iweKOHCKe KHceJiHHe *inje je pH>7

jaB.ta ce Ha HeraTHBHHjeM noTemiHjajiy h Apyrn jiome (J>opMHpaH Ta.iac

Mer)yTHM, obh nojiaporpaMH ce crajaifceM iweitajy, xajiac ca no3iiTHBHHjn.'rt

noTeHunjaJioM ona,na, a Tajiac ca HeraTHBHHjnM noTeHnnjajioM ce noBehana.

OBa npoiweHa Hacraje ycjiea XHApojiH3e ecrapcKe rpyne. Bp3HHa KojoM

ecrap XHApo.TH3yje noBehaBa ce nopacroM pH h npH BehHM pH nojiapo-

rpaMH ce BpeiweHOM 6p>Ke Mertajy. ITpH pH 11.30 cbok pacrBop jom noKa-

3yje flBa Tanaca, a nocjie 10 ittHHyra nocTojn caMO je/raH, Jiome (j)opMHpan

Tajiac, Kojn je Bpjio cniniaH Tajiacy iweKOHCKe KHceJiHHe npn hctom pH.

H3BO.H.

HcnHTHBaH je yrHijaj pH Ha nojiaporpa<J)CKy peAyKnnjy iweKOHCKe

KHceJiHHe h MOHoerHJiecrpa AieKOHCKe KHceJiHHe y Britton-Robinson-OBOM

nydpepy y pH o6jiacrH 1.80—11.30 (\l = 0.1). ITpH o6jamH>eifcy peayKunje

obhx jeaHH>eH>a ysera cy y o63np h>hxobh OAroBapajyhn creneHH ahcouh-

jairnje.
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MenoHCKa KHcejiHHa ce y oojiacra pH < 3 peaynyje Kao jeflHOBajieHTHH

aHjoH y je/jHOM crynH>y y3 ao6po (bopMHpaH Tauac OTdpy3HOHor Kapaicrepa.

y pH o6jiacrH 3—6 apyni, Jiome cpopMHpaH Tajiac jaBJta ce Ha HeraTHBHHjeM

noTeHUHjajiy kojh npnnana flBOBajieHTHOM aHjoHy. BHCHHa no3HTHBHHjer

Tanaca ona/ja nopacroM pH y oCjiHKy nojiaporpacpcKe flHcouHjauHOHe KpHBe,

h Tano 3o6njeHa BpejrHOCT pK2 (4.50) Beha je or Bpe/jHocra pK2 ao6njeHe

noTeHUHOMerpHjcKOM THTpaunj om (2.13). Obo o/jcrynaHbe o6jauiH>eHO je

peKOMSHHaunjoM flBOBajieHTHor aHjoHa ca bo/johhkobhm joHmwa Ha noBp-

uihhh ejieKTpoaa y3 CTBapaae je/jHOBajieHTHor aHjoHa. Khhcthhkh Kapaicrep

Tajiaca ca no3HTHBHHjHM noTeHunjajioM y pH o6jiacrH 4.33—5.95 £OKa3aH

je HcnHTHBaBbeiw bhchhc Tajiaca y 3aBHCH0CTH o/i bhchhc noiBHHor cry6a.

Kog MOHoeTHJiecrpa MeKOHcne KHcejiHHe je noTeHUHOMerpHjcKOM

■nrrpauHjoM OApebeHa BpeflHOcr pK2 (8.42), «ok je AHcouHjaunja npBor

creneHa jana. ripn nojiaporpadpcKoj peayKUHjn y pH ofijiacTH 1.80—6.45,

rfle je ecrap npHcyraH Kao je,UHOBajieHTHH aHjoH, jjoonja ce caMO jeflaH

;jo6po (bopMHpaH Tajiac iwja ce BHCHHa He Meaa npojvieHOM pH. OBa HHH>e-

HHHa je TaKotje noTBpflHJia aa je nojiaporpadKKo noHamaHse mckohckc Knce-

jiHHe y pH o6jiacTH 3—6 npoy3poKOBaHo apyrmw creneHOM /jncouHjauHje

OBe KHcenHHe.

3a H3Bof)eH>e OBora paaa KopmnheHa cy h inaTepiijaJiHa cpeflCTBa <t>OHaa 3a nayuHH

paa CP Cp6nje.

4>apMaueyTCKH (paKyjrreT, ripHMJbeHO 10. HOBei«6pa 1970.

3aBOfl 3a HeopraHCKy h aHajiHTHMKy xeMHjy,

Eeorpaa

SUMMARY

POLAROGRAPHIC STUDY OF MECONIC ACID

by

JOLANDA M. HOJMAN and ANDELIJA DUKANOVlC-STEFANOVlC

The effect of pH on the polarographic reduction of meconic acid and

monoethylester of meconic acid in Britton-Robinson buffer in the pH range

1.80—11.30 (ji. = 0.1) was studied. In explaining the reduction of these

compounds their corresponding steps of dissociation were taken into account.

Meconic acid in the pH range < 3 reduces as univalent anion in one

step giving rise to one well-formed wave of diffusion character. In the pH

range 3—6 another ill-formed wave appears on the more negative potential,

which belongs to the bivalent anion. The height of the more positive wave

decreases with the increase of pH in the form of a polarographic dissociation

curve and in this way the attained value pK.2 (4.50) is greater than the value

pKg attained by potentiometric titration (2.13). This difference is explained

by recombination of the bivalent anion with the hydrogen ion on the surface

of the electrode by forming the univalent anion. The kinetic character of

the more positive wave in the pH range 4.33—5.95 was proved by studying

the effect of the height of the mercury reservoir on the height of the wave.

For the monoethylester of the meconic acid the value pK2 was deter

mined by potentiometric titration (8.42), while the dissociation of the first
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step was found to be very strong. In the polarographic reduction in the pH

range 1.80—6.45 when the ester is present as a univalent anion, only one

well-formed wave is attained whose height does not change with the change

of pH. This fact also proves that the polarographic behaviour of the meconic

acid in the pH range 3—6 is caused by its second step of dissociation.
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Institute of Inorganic and Analytical Chemistry
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ITPHJIOr II03HABAH>y PEAKIJHJE 2-XHHOJIHHKAPEOHCKE kh-

CEJIHHE CA HEKHM AMHHHMA APOMATHMHOr H XETEPO-

UHKJIH^HOr PEJJA

OA

IIETPA M. UAU-HTiA, BOPHBOJA JI. BACTHTvA h MHPOCJ1ABA B. nHJIETHTiA

y obom papy, kojh npeAcraBJba HacraBaK Hauiux Hcrpa>KHBaH>a y

o6jiacrH xeTepouHiciHMHHx jeAHH>eH>a ca khccohhkom, cyMnopoM h a30TOM

Kao xeTepoaTOMHMa, H3BpuieHa je CHHTe3a aepHBaTa BHiue paanHHHTHx

xeTepouHiciHMHHx cHcreMa ca neTOuiaHHM npcreHOM kojh y nojio>Kajy 2

caApn<e 2-xhhojihjihh ocraTaK. IlojeflHHa oa obhx jeAHH>en>a 6HJia cy no3-

HaTa OApaHHje, aJiH cy AOOHjeHa Ha APyre HaHHHe, aok je BehHHa caAa npBH

nyr cnHTeTH30BaHa.

JeAHH>en>a aHa^orHe crpyKType Ha^a3e npHMeHy Kao jickobh, <$>yH-

THUHAH, KOH3epBaHCH, npH H3paAH (J)OTOrpa4)CKHX (pHJIMOBa, y TeKCTHJIHOj

HHAycTpHjH, 3a ByjiKaHH30BaH>e ryjvie, y aHajumrqKoj xeMHjH, hta. 3a Hac

OHa HMajy noce6aH 3Haiaj, jep npeAcraBJbajy AerpaAaunoHe npoAyKTe kom-

iuiHKOBaHHjHX xeTepouHKJiimHHX CHcreMa kojh Hacrajy peaKUHjajvia koh-

AeH3auHje BHuieBajieHTHHx KHcejiHHa xHHOJiHHOBor peAa ca pa3JiHHHTHM

aMHHHMa, Koje mh TaKohje H3ynaBaMO, Tano aa hx mokcmo ynoTpeSHTH 3a

AOKa3 ibfixoBe crpyKType.

3a CHHTe3y jeAHH>eH>a y obom paAy kophcthjih cmo ce HHTepManeKyji-

CKOM peaKUHJOM K0HAeH3aUH)'e H3Met)y 2-XHH0JIHHKap60HCKe KHCeJIHHe H

OAroBapajyhax o-AHaiwHHa, oahocho o-cyncnnyHcaHHx aMHHa apoiwaTHMHor

h xeTepoqHKjiHiHor peAa, iiito ce Mon<e npHKa3aTH oieAehoM onuiTOM peaK-

Ahohom cxcwom:

rAe je X jeAHaKO NH, O hjih S, a yiwecro cperameHCKor ocraTKa Mory ce

Hajia3HTH oATOBapajyhH ocraim Ha(pTariHHa, oahocho rrapHAHHa, aok je

R 2-xhhojihjihh ocraTaK. ITpH TOMe Hacrajy AepHBara pa3HHX xeTepouHK-

jTiwhhx CHcreMa Kojn y nojio>Kajy 2 caAp>Ke 2-xhhojihjihh ocraTaK.

Mh cmo ce y obom paAy orpammiuiH Ha peaKunjy H3Met)y 2-xhhojihh-

KapSoHCKe KHceJiHHe (xiraajiAHHCKe KHcejiHHe) h HH3a aMHHa (o-aMHHO(pe-

HOJI, O-aMHH0TH04>eHOn, 0-(peHHJieHAHaMHH, l,8-AHaMHHOHa(})TajlHH, 1,2-

-AHaMHHOHa(})TajrHH, 2,6-AHaMHHonnpHAHH h 3,4-flHaMHHormpHAHH). Ytbp-

 

+ R - COOH

 

C- R + 2H20
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fliuiH cmo peanuHOHe ycioBe 3a cHHTe3y npo^yKaTa y pejiaraBHO ao6poM

npHHOcy h H30JiOBaiiH cmo hx H3 peaiajHOHe cMeme Ha jeflHOCTaBaH Ha<nm.

IlpH TOMe cmo yoniuTHjiH HaqHH paaa h pa3paaHJiH Meroay Koja ce c MaibHM

BapnjauHjaMa npHMeityje y cbhm nojegHHHM cjiynajeBHMa.

Xhhojihjihh AepHBara 6eH30Kca30Jia HHCy flo caaa 6hjih no3Hann.

IIpBO cmo noKymajiH fla flo6HjeMO 2-(2-XHH0JiHJi)-6eH30Kca30Ji 3arpeBaH>e.M

eKBHMOJieKyjrcKe CMeme 2-XHHOJiHHKap6oHCKe KHcejiHHe h o-aMHHO<j>eHOJia,

npn neMy cmo, Mel)yTHM, Kao npoflyKT peaKHHje H30.iOBa.iH HHTepMeflHjapHO

jeflHiteifae THna aHHJiHAa (I), y cjieaehoj npo6n ynoTpe6HJiH cmo Kao KaTa-

jiH3aTop 3a peaKioijy HHKJiH3auHj'e h Kao peaKiuiOHH MeAHjyM nojincpoccpopHy

KHceJiHHy, ociiaftajyhH ce Ha paHHj'e pa^OBe y KojHMa ce oHa npHMe&yje

KOfl aHajiorHHx peaniuija (1). 3arpeBaH,eM eKBHMOJieKyjiCKHx KOJiHtoma

2-xHHOJiHHKap6oHCKe KHcejiHHe h o-aMHHO(J)eHOJia, y npncycTBy nojincpoc-

dpopHe KHccnHHe, ao6HjeH je 2-(2-xHHOJiHJi)-6eH30Kca30Ji (II).

2-(2-XHHO^HJi)-6eH30THa3on je no3HaTo jezuHieite (2), ajin ce aoonja

Ha KOMn.iHKOBaH Ha^HH, 3arpeBatteM xHHanaHHa, aroiTiHHa h ejieMeirrapHor

cyMnopa, y Tony 20 h, npn *ieMy je npHHOC MajiH. Mh cmo ra ao6hjih 3arpe-

BaH.eM eKBHMOJieKyjICKHX KOJIHHHHa 2-XHH0JlHHKap60HCKe KHCeJIHHe H

o-aMHHOTHO(peHOJia, ajin cmo, 3a pa3Jim<y on 3y6apoBci<or h BopoHHHe

(3), Kojn cy aHajiorHy peaKUHjy ao6HjaH>a nHpHflHJi6eH30THa30Jia bpuihjih

y 3aTombeHoj ueBH, paflHJin y npHcycrey nojiHd)oc(popHe KHcejiHHe h ao-

6hjih 2-(2-XHHOJiHn)-6eH30THa30Ji (III) y BeoMa ao6poM npHHocy on oko 65%.

2-(2-xHHOJiHJi)-6eH3HMHAa3o^ je no3HaTO jeflmteifce (4, 5, 6, 7), Koje

Hajia3H npaKTHHHy npHMeHy h *mje je #o6Hjaifce 3aujTHheHO naTeHTOM. Mh

cmo HberoBy CHHTe3y h3bpujhjih y ochobh MeroflOM no Govindan-y, ajin y

npncycTBy nonndpoccpopHe KHcejiHHe, npn neny cmo nocrHrjiH Behn npnHoc

(62% y oflHOcy Ha 50%) 03 Govindan-a (IV).

PeaKHHOHH npoayKTH Kojn Hacrajy npHJiHKOM pearauije KOHfleH3aHHje

2-xHHo:iHHKap6oHCKe KHcejiHHe ca 1,8—, o;xhocho 1 ,2-flHaMHHOHadrraiiH-

hom, HHcy flo caaa 6hjih no3HaTH. Ilpn peaKHHjn H3Mel)y 2-xHHo^HHKap-

SoHCKe KHcejiHHe h 1 ,8-flHaMHHOHad)TajiHHa dropMHpa ce ojjroBapajyhH

aepHBaT TeTpaxHflponHpHMHflHHa (V). Koa aHajiorHe peaKinije ca 1,2-flH-

aMHHOHadiTajiHHOM TaKotje je H30JioBaH npojjyKT peaKHjije UHKJiH3auHje

(VI). y obom cnyiajy peaKTHBHocr o6e aMHHo-rpyne 3a peaKUHjy HyKJieo-

(pHjme cyncTHTynHje Hnje OHHnieflHO noajeflHana, urro, Met)yrHM, HeMa

3Hawaja 3a crpyKTypy peaKHHOHor npoayKTa, nouiTo koa H>era nocTojH

MoryhHOCT TayroMepHje.
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ripoayKTH peaKHHje 2-xHHOJiHHKap6oHCKe KHceJiHHe ca 2,6—, oahocho

3,4-flHaMHHOimpHAHHOM HHcy Tanofje ao cafla 6hjih no3Hara. Ca 2,6-ah-

aMHHonHpumiHOM H30JioBaHO je jeaHibeibe THna MOHoaHHJiHfla (VII) h HHje

ce Morao ;k>6hth npoAyKT iyiKJiHsauiije rana TpHa3HHa, BepoBaTHO ycJiea

crepHHx cmcthjH. HacynpoT TOMe, H3 peanuHOHe ciweiue eKBHMOJieKyjiCKHx

KOJIHMHHa 2-XHHOJIHHKap6oHCKe KHCeJIHHe H 3,4-flHaMHHOnHpHflHHa H3C~

JioBaH je y npHHOcy ofl 89% oaroBapajyhH npoayKT UHKHH3au,Hje (VIII).

H y obom cnyqajy HHje CBejeAHo noja aiwHHO-rpyna cryna npBa y peaKHHjy

ca Kap6oKCHJiHOM rpynoM, iuto, iweljyTHM, TaKotje Heiwa ymijaja Ha crpyKTypy

Kpajaer npoayKTa, koa Kora nocrojH MoryhHOCT 3a TayTOMepHjy.

jO-jOO CP-CO

N

"I VIII

Mo>Ke ce npeTnocraBHTH, c o63hpom Ha ejieierpoHCKy crpyKTypy nnpn-

AHHOBor je3rpa, koa Kora je y nanoKajy 3 ejieKTpoHCKa rycTHHa Hemro

Beha Hero y nonoxcajy 4, aa je aiwHHO-rpyna y nojio>Kajy 3 HyKJiecxpHJiHHja

oa aMHHo-rpyne y noJTTOKajy 4 h sa ycnefl Tora OHa npBa cryna y peaKHHjy

ca KapSoKCHJiHOM rpynoiw. AHajiorao h koa 1 ,2-/iHaMHHOHa4>TajiHHa aMHHo-

-rpyna y ncuiOHcajy 1 peaKTHBHHja je 3a peaKHHjy HymieocpHJiHor Hana/ja

oa a/WHHO-rpyne y nojio>Kajy 2.

CTpyicrypa aoSHBeHHx je/rHH>eiba flOKa3aHa je pe3yjiTarHMa e;ieMeH-

TapHe aHaiiH3e h pa3MaTpaH>eivi h>hxobhx IR-cneKTapa.

EKCnEPHMEHTAJIHH flEO

Tawe Tonjbejfca HaBeflCHe y obom paay HHcy KopHroBaHe.

1. KoHdeH3atfuja 2-xuHOAmKap6oucKe xuceAWie u o-aMUHofanojia

y 6ajioH on, 50 ml ca ayrHM rpjioM craBM ce 1 ^ 2-XHHOJiHHKap6oHCKe khccuhhc

h 0.63 g o-aMHHocpeHOJia (eKBHMoneKyjicKe Te>KHHe) h 3arpeBa ce 3 A Ha 190°—210°. Ha

3HA0BHMa peaKUHOHor cyaa H34Baja ce Bona. IlpH xjialjeity avieiiia oiBpcHe h TaMHe je
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6oje. PacTBopH ce y 96% eTaHOJiy, o6pa,in aKTHBHHM yrjbeM, npoueAH h AOAa BOAa ao

npBor 3aMyheH>a. riocne Ay>Ker crajaifca usABajajy ce KpHCTajiH (I), y npHHocy on 0.37 g,

oahocho 24%. Chpobh npoayKT ce npeHHCTH BHiuecrpyKHM npeKpncTa.iHcaBaK.LM. tj.

pacTBapaibeM y 96% eTaHOJiy h Tajio>KeH>eM boaom. T. t. mhcthx KpucTaJia je 216°—21 8 : .

HapanyHaTo 3a CuHiiNiOi (I) : C 72.71% H 4.57% N 10.59%

Har)eHO : C 72.34% H 4.06% N 10.93%

2. KoHdeH3atfuja 2-xuwAUHKap6oHCKe Kuce.iune u o-0MUHO$eHOAa y upucycuiey uo-

AUtf)OC(f>OpHe KUCCAUHe

y 6anoH oa 50 ml ca ycnpaBHHM KOnaeHaaTopoM h 3aumiTHOM ucbmhuom ca CaCb

craBH ce 1 j? 2-XHHOJiHHKap6oHCKe KHcejiHHe h 0.63 g o-aMHHOcpeHOJia (eKBiiMOJieKyjicKe

KomraHHe), a 3aTHM ce AOAa 15 ml nojincpoccpopHe KHcejiHHe (Fluka). PeaxuHOHa CMema

ce 3arpeBa 3 A Ha 190°—210°, y3 nonpeMeHO Memaibe MarHeTHOM Meina.iHU.OM. riocne

3aBpmeHe peaKunje joui Bpyh caAP>Kaj 6ajioHa cHna ce y 300 ml BOAe, npn Me.wy ce 113-

ABaja Tajior 2-(2-XHHOJiHJi)-6eH30Kca30Jia (II), Kojn ce nocjie ay>Ker crajaifca npoueAH.

IlpHHOc je 0.63 g, oahocho 44%. Chpobh npoAyKT ce Birnie nyra irpeKpHCTajrmiie pac-

TBipaiteM y 96% eTaHOJiy, TpeTHpaaeM aKTHBHHM yrjbeM h Ta.iOH<eH>eM boaom. T.t.

micTHX KpHirrajia je 175°.

HspatiyHara sa Ci6Hi0N2O (II) : C 79.65% H 4.09% N 11.37%

HafceHo : C 79.28% H 3.68% N 11.67%

3. KoHdeH3atfuja 2-xuHOAUHKap6oHCKe Kucemme u o-aMUnouiuo<p~eHOAa y upucyciuey

iiOAUtp'occfiopuc KUceAune

y anapaTy Kao ihto je rope onncaHO (noA 2) craBH ce 1 y 2-XHHOJiHHKap6oHCKe

KHcejiHHe h 0.72 g o-aMHHOTHOtpeHOJia (eKBHMOJieKyjicKe KOJiHumie), a 3aTHM ce AOAa

10 ml nojincpoccpopHe KHcejiHHe. 3arpeBa ce 3 A Ha 130°—140°, y3 noBpe/tieHO MeiuaH>e.

IIo 3aBpuieHoj peaKmijH Bpyha ciweuia ce cuna y 300 ml Bone, npn neny ce npBO H3ABaja

yjfce, Koje ay>KHM CTajaH>e.M y3 Meinaite npeJia3H y >K)T03ejieHe KpHcrajie. IlpHHOc je

0.99 g, oahocho 65%. CnpoBH npoAJ'KT ce pacTBopn y 96% eTaHOJiy, TpeTHpa aKTHBHHM

vTJbeM h npoueAH. ripn xjiatjeiby ce H3«Bajajy KpiicTajiH 2-(2-XHHOJiHJi)-6eH30THa30Jia

(III), Kojii ce npenHCTe BHiuecTpyKHM npeKpHcrajiHcaBaibeM H3 96% eTaHOJia. T.t. mhc-

thx Kpncrajia je 203° (2).

IlapanyHaTO sa Ci8Hi0N2S (III) : C 73.25% H 3.84% N 10.67%

HaheHO : C 73.30% H 3.65% N 10.52%

4. KoHdauauuja 2-xuHOAUHKap6oHCKe kuccauhb u o~<p~eHUMHduaMUHa y upucyciuey

uoAU<jioc<fiopiie xuceAune

y anapaTypy Kao ihto je rope onncano (noA 2) craBH ce 2 g 2-XHHOJiHHKap5oHCKe

KHcejiHHe h 1.22 g o-cpeHHJieHAHaMHHa (eKBHMOJieKyjicKe Kojnrmme), a 3aTHM ce flo^a

30 ml nojincpoccpopHe KHcejiHHe. 3arpeBa ce y3 noBpeMeHO Memaifce 3 A Ha 190"—210°.

3aTHM ce Bpyha CMema cuna y 300 ml boac IIpboShtho H3AB0jeH0 yjbe crajaibeM npe-

jia3H y Kpncrajre. IIpHHoc je 1.75 g, oahocho 61°,',. CnpoBH npoayicr ce npeiHCTn BHiue-

■crpyKHM pacTBapaH>eM y 96% eTaHOJiy h TanowceibeM boaom. T.t. ihcthx KpHcrajia je

218°—220°, luto oAroBapa t.t. 2-(2-XHHOJinji)-6eH3HMHAa30Jia (IV), no3HaToj H3 Jurre-

paType (4—7). IR-cneKTap: vmlUt = 3440, 1620, 1290 cm~K (IV).

5. KoHbenmifuja 2-xuHOAUHKap6oHCKe xuceAime u 1 ,%-duaMUHOHO^iuaAUHa

y OajioH oa 50 ml ca AyraM rpjioM craBH ce 1 g 2-XHHOJiHHKap6oHCKe KHcejiHHe

h 0.91 g 1 ,8-AHaMHHOHatpTaJiima (eKBHMOJieKyjicKe kojihmhhc), a 3aTHM ce 3arpeBa 2 h

Ha 180°—190". ITocJie xjial)eH>a peaKunoHa CMema ce Tperapa 96% eTaHOJiOM (Beha kojih-

MHHa). PacTBop ce o6paAH aKTHBHHM yrjbeM, a cpHjrrpaTy ce AOAa BOAa, npH ^eMy ce H3-

ABaja npBeHOMpK Tajior (V). IIpHHoc je 0.58 g, oahocho 34%. IlpeMHUihaBaH.e ce Bpnrn

BHuiecTpyKHM pacTBapaiteM y 96% eTaHOJiy n TajioweifeeM boaom. T.t. mhcthx Kpucrajia

je 290°—300° y3 yrjbeHncaifee.

HapaqyHaTO 3a C.„Hi3Ns (V) : C 81.33% H 4.44% N 14.23%

HafceHO : C 80.73% H 4.16% N 13.69%
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6. KoHdeH3aifuja 2-xuHOAum<ap6oHCKe xuceAune u 1 ,2-duaMUHOHa$uiaAUHa

y 6ajroHy oa 50 ml ca AyrHM rpjioiw 3arpeBa ce 2 h Ha 180°—190° CMema 1 g 2-xn-

HOJiHHKapooHCKe Kiice.iHHe h 0.91 g 1,2-AnaMHHOHatpTaJiHHa (eKBHMOJieKyjicKe KOJimmne).

riocire 3aBpuieHe peaKunje CMema ce Tperapa 96% eTaHOJiOM, npn yeiwy ce CBe He pacrBapa.

OiLTipaT ce Tperapa aKraBHHM yrjbeiw, npoueAH, flo^a ce BOAa h ocraBH «a cTojH. IlocJie

Aywer BpcMeHa )i3HBajajy ce KpHCTajiH (VI). IIphhoc je 0.42 g, oahocho 24%. Chpobh

npo^vKT ce npe^iHCTH pacraapaibeM y 96% eTaHOJiy h Tajio»;en>eM boaom, uito ce iiohobh

BHiue nyTa. T.t. hhcthx KpHcrajia je 203°—205°.

Hapa^yHaTO 3a C20H13N3 (VI) : C 81.33% H 4.44% N 14.23%

HaDeHO : C 81.02% H 4.29% N 13.82%

7. KoHdeH3aiwja 2-xuHO.nwKap6oHCKe Kucenune u 2,6-duaMuiwiiupuduHa

V' 6ajroH ofl 50 ml ca AyrHM rpjioM craBH ce 2 g 2-XHHOJiHHKap6oHCKe KHceJiiwe

h 1.26 g 2,6-flHaMHHonHpHAHHa (eKBHMOJieKyjicKe KOJiHume). 3arpeBa ce 2 h Ha 230°—

240°. Chpobh npoayKT ce Tperapa 96% eTaHOJiOM, y Koiwe ce CBe He pacTBapa. PacTBop

ce o6paAH aKTHBHHM yrjbeM, npoueAH 11 AOAa Bona, npH ie«iy ce H3ABajajy KpHCTa/iH

(VII). IIphhoc je 0.86 g, oahocho 24%. npeMHiuhaBaibe ce BpuiH pacraapaibeM y 96%

eTaHOJiy h TaJiomeifceM boaom, luto ce noHOBH BHiue nyTa. T.t. qncrax KpHCTajia je 165'.

HapauyHaTO 3a C15H12N4O (VII) : C 68.17% H 4.58% N 21.20%

HaDeHO : C 68.20% H 4.63% N 21.41%

IR-cneKTap: vma!£ = 3480, 3360, 1685, 1610, 1530, 1305 cm-1.

8. KoHdemayuja 2-xuHOAUHKap6oncKC KuceAuue u 3 ,4-duaMUHOuupuduna

y 6aji0H oa 50 ml ca AyruM rpjioM craBH ce 0.89 g 2-xHHOJWHKap6oHCKe khccjihhc

h 0.50 g 3,4-AHa.MHHonnpHAHHa (eKBHMOJieKyjicKe kojihmhhc). 3arpeBa ce 2 A Ha 210°—
220c. Ilocjie 3aBpmeHe peaKiuije CMema ce pacraopH AOAaBaH>eM 96% eTaHona, pacTBop

ce Tperapa aKTHBHHM yrjbeM, npoueAH h TajioHai boaom. IIphhoc npoMBOAa (VIII) je

1.12 g, oahocho 89%. CwpoBH npoAyKT ce BHiue nyTa npe^Hcra Ha hcth Hamm. T.t.

qHcrax KpncTaJia je 227°—230°.

HapanyHaTO aa Ci5Hi0N4 (VIII) : C 73.15% H 4.10% N 22.75%

HaDeHO : C 72.92% H 3.98% N 22.66%

H3BOJI

HcnHTaHa je peaKunja KOHfleH3auHje H3Mer)y 2-XHHOJiHHKap6oHCK.e

KHcenHHe h HH3a aivuraa (o-aMHHO(peHOJi, o-aMHHOTHocpeHOJi, o-cpeHimeHflH-

aiWHH, 1 ,8-flHaMHHOHa(pTaJlHH, 1 ,2-aHaMHHOHa(J)Ta.lIHH, 2,6-aHaMHHOnHpHflHH

h 3,4-flHaMHHonHpHflHH) h H30^0BaHH cy oaroBapajyhH npoayKTH (I —

VIII), iHja je CTpyKTypa aoKa3aHa ejieiweHTapHOM. aHaJiH30M h HH(J)paijpBe-

hhm cneKTpHMa.

TexHOJiouiKH cpaKyjiTeT, Hobh CaA, IlpHMJbeHo 19. janyapa 1971.

TexHo^ouiKO-MeTajiypuiKH (paKyjrreT, BeorpaA

HHCTHTyT 3a xeMHjcKa, TexHOJiomKa h

Mera^ypuiKa HCTpa>KHBaH>a,

BeorpaA
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SUMMARY

CONTRIBUTION TO THE STUDY OF THE REACTION BETWEEN

2-QUINOLINE—CARBOXYLIC ACID AND SOME AROMATIC

AND HETEROCYCLIC AMINES

by

PETAR M. D2AD2IC, BORIVOJE L. BASTIC and MIROSLAV V. PILETIC

The reaction of condensation between 2-quinolinecarboxylic acid and

some amines (o-aminophenol, o-aminothiophenol, o-phenylenediamine, 1,8-

-diaminonaphtalene, 1,2-diaminonaphthalene, 2,6-diaminopyridine and 3,4-

-diaminopyridine), was investigated and the products were isolated (I—VIII).

Their structures were confirmed by elemental analysis and infrared spec

troscopy.
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HCnHTHBAIfcE YTHUAJA KOHHEHTPAUHJE HC1 H SiCl4 HA

nPHIIPEMy CynCTPATA H EnHTAKCHJAJIHH PACT Si

Ofl

AHJIPEJE B. BAJIMHTiA H PACTKA H. POKHHTiA

ITojiMpaibe imomma MOHOKpHcrajiHor CHJiHipijyMa ca racoBHTH.w xjio-

poBOflOHHKOM npeflcraBJba jeaaH ojx HajecJjHKacHHjnx Hamnia npHnpeiwe

cyncrpaTa 3a enHTaKCHjajran pacr cHJiHnnjyMa (1,2).

y obom paay flara cy pe3yjiTaTH HcnHTHBaita peaKUHje racoBHTor

HC1 ca njiommaMa MOHOKpHcrajiHor CHJiHHHjyivia Ha TeMnepaTypaMa oa

1200°C h 1230°C y ycjioBHMa pa3JiHMHTHx 6p3HHa npoTOKa Hoceher raca,

BOflOHHKa, h pa3JiHMHTHx KOHHempanHj a HC1 y crpyjn Hoceher raca.

Ochm caiwor noJiHpajfca cHJiHqHjyivia y u,iuhy flo6Hjaa>a KpHcrano-

rpa(J)CKH ihto caBpineHHjer cnoja cyncrpaT-enHTaKCHja.iHH cjioj, noTpe6Ho

je, hcto TaKO, OApeflHTH ycjiOBe y Kojwvia ce paBHOMepHO yK.ian>a CHJiHHHjyM

A>>k njiomnje, y npaBiry crpyje raca, ihto npeflCTaBJba HeonxoaaH ycjiOB

3a floGHjaHbe paBHoiwepHHx ae6jbHHa enHTaKcnjajiHHx oiojeBa.

Ha ocHOBy fleraJbHHjer HcnHTHBaita peaKnnje HarpH3aH» . CH.innHjyMa

yTBp^eHH cy onTHAiajiHH ycuoBH npHnpejwe cyncrpaTa 3a enHTancHjaJiHH

pacT. Ha Tano npmipeMJbeHHM njiommaMa H3BoljeH je enirraKCHjajiHH pacr

CHJiHHHjyMa, npn ^eMy cy, ochm 6p3HHa caiwora pacra, y 33bhchocth oa

KOHixempai^Hje SiCl4 y racHoj cpa3H, ncnHTaHe h KpHcrajiorpatpcKe KapaKTe-

pHCTHKe enHTaKcnjajiHHx cjiojeBa.

AnAPATYPA H H3BOTiEH>E EKCnEPIIMEHATA

IlIeMaTCKH npHKa3 anapaType 3a H3Bof)eH>e eKcnepwrteHaTa jiar je Ha cjhiuh 1. FIpii-

jihkom HcnHTHBaita ycnoBa HarpH3aH>a njioMHua MOHOKpHcrajiHor cHJ7Hu,HjyMa aco ana-

paType ca „6omhom rpaHoiw" BOflOHHKa (3) h 6ap6oTepoM 3a SiCU (4) mije ynoTpeGjteH.

IlpoTOK BOAOHHKa h HC1 KOHTpojiHcaH je Mepa^HMa npoTona (1) h (2) pecneKTHBHo,

npH Me.My je HC1 ao6HjaH peaKqujoM H3Mel)y H2SO4 h NaCl p.a. KBajiiiTeTa. Oieiua ra-

coBa je yBo^eHa y peaKTop (5) yHyrpauiiter npeMHHKa 50 mm, ca jeflHOM njicromiOM, Koja

ce HaJia3H.na Ha rpacpHTHOM Hocauy npeKpHBeHOM wrojeM SiC. Hh;ivkuhohii Ha.woTajn 3a

3arpeBaH>e noca'ia noBe3aHH cy ca BHcoKO<ppeKBeHTHiiM reHepaTopoM ciiare 9 kW.

EKcnepHMeHTH cy H3Bol)eHH ca npoToiniMa nojjoHHKa ofl 2, 3, 4, 5, h 6 litlmin.

h caApwaje.M 1—15% 3anpeMHHCKHX HC1 y oflHocy Ha bcot>hiik. Bpc.«e Tpajaa>a CBaKor

eKcnepHMeHTa h3hoch;io je 10 mm. njioume MOHoi<pncTajia cmiHUHjyMa npeHHiiKa 20 mm,

opHjeHTaiwje {111} npe HarpH3an>a y racHoj (pa3ii 6nne cy 6pyuieHe, a 3aTii\i xc.uiijcKH

no/rapaHe y aweum HF : HNO3 = 1:1.

3*
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Cauko J. Figure

AnapaTypa 3a Harpu3aH>e Si-cyncrpaTa h eiiimtKciiia.11111 pacr

Apparatus for etching Si-substrate and epitaxial growth

PE3YJITATH EKCTIEPHMEHATA

ripaheibeiw npoiweHe tokhhc n.iomme npe h nocjie eKcnepHAieHTa

OAper)eHa je 3aBHCHOcr 6p3HHe HarpH3aH>a CH.iHqHjyivia mgjmin on, KooHmme

HC1 y racHoj q))a3H. Ha rpatpHu,HMa dHKe 2. h crane 3. /jaTa je OBa 3aBHc-

hoct 3a TewnepaType 1200°C h 1230°C pecneKTHBHo.
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CmiKa 2. Figure

Ep3HHa Harpu3au>a njiomma en 1 11m : i \ Ma

Ha TC.MnepaTypH 1200 C npii pa3JiH-

mhtiim KOHneHTpauiijaMa HC1 h npoTo-

UHMa BOflOHHKa

Etching rate of the silicon wafers at

1200 C for various concentrations of HC1

and various flow rates of hydrogen

8 W'UHO.

Cauko 3. Figure

Ep3HHa Harpii3aH>a ruiOHima cHnimnjyMa

Ha TeiwnepaTypH oa 1230°C npH pa3JiH-

mrrHAi KOHueHTpauHjajwa HC1 11 npoTo-

UHMa BOflOHHKa

Etching rate of the silicon wafers at

1230 C for various concentrations of HQ

and various flow rates of hydrogen
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riope^eifceM pe3yjiTaTa bh^h ce aa je 3a oaperjeHH npoTOK BoaoHHKa

h oaperjeHH caapnoj HC1 y BoaoHHKy 6p3HHa HarpH3aH>a Beha 3a TeMne-

paTypy oa 1230°C.

Ynopeao ca oapet)HBaH»eM 6p3HHe HarpH3a«ba cmiHUHjyMa npaheH

je h H3rjiefl MHKpopeJbecpa noBpuiHHe njio*iHu;e, ca jeflHe, h paBHOMepHocr

yKJiaibaita CHJiHHHjyMa, ca apyre crpaHe. IIIto ce rane MopcbojiorHje noBp-

uiHHe ruiOHHue, Koja je KOwrpojiHcaHa noa MeTajiorparpcKHM MHKpocKonoM,

KOHcraTOBaHO je aa H3rjiea noBpiHHHe yMHoroiwe 3aBHCH nano oa TeAinepa-

Type Ha nojoj je HarpH3aH>e BpiueHO, Tano h oa KOHueHTpauHje y racHoj

(pa3H h caMe 6p3HHe, npoTHaaita racHe ciweiue npeno moHHue. IIoBpuiHHe

ca jano pa3BHjeHHM MHKpopejBerhoM, 3a TeMnepaTypy oa 1200°C, ao6njaHe

cy no npaBHJiy 3a CBe npoTOKe BoaoHHKa naaa je caap>Kaj HC1 y racHoj

cpa3H 6ho BehH oa 4%. Ha TewnepaTypH oa I230°C jano pa3BHjeHH mhkpo-

pe.T>e(p flo6HjeH je y cbhm cjiyqajeBiwia npoTona BoaoHHKa o«2h3 lit\min.

IIpHMep OBaKO pa3BHjeHor MHKpopejBerjia flat je Ha cjihhh 4.

 

Cauko 4. Figure

MnKpo(J)OTorpa(J)Mja {111} ruiomme chjih-

UHjyMa nooie HarpH3aa>a ca HC1 Ha tcm-

nepaTypH on 1200°C x 270

Micrograph (bright-field) of a {111} sili

con wafer etched in HC1 at 1200°Cx270

 

Cauko 5. Figure

MHKpocboTorpacpHja {111} miomme chjih-

mijyMa nooie HarpH3aH>a ca HC1 Ha Teiw-

nepaTypn on 1230 C (npoTOK boaohhio

4 litjmin ca 4% HC1) X 270

Micrograph (bright-field) of a {111} sili

con wafer etched in HQ at 1230°C (flow

rate of hydrogen 4 Ijmin, etching gas

composition 96% H2, 4°„ HC1) x 270

3Ha™o 6ojbh pe3yjiTaTH ao6njeHH cy npn paay Ha TeiwnepaTypn oa

1200°C h cbhm npoToiiHMa BoaoHHKa Kaaa je caapn<aj HC1 6ho MaitH oa

4%. y obhm eKcnepHMeHTa.iHHM ycjioBHMa ao6HjeHe cy noBpuiHHe ca cjia6o

H3pa>KeHHM MHKpopejBecJjoivi.

Ha TeMnepaTypH oa 1230°C 3a npoTOK BoaoHHKa oa 4, 5 h 6 litjmin.

h caap>«ajeM HC1 H3Mef)y 1—5% aoGnjeHH cy Haj6ojbH pe3yjiTaTH. y obhm

eKcnepHMeHraJiHHM yciOBHiwa aoGwjeHe cy Beojwa marae h or.'ieaajiacre

noBpuiHHe (en. 5).

Ha cjihiih 5. aaT je cHHiwaK HBHue nno^Hue, Kojn je npeacraBJBeH

CBeTJiHM aeJioiw, 36or Beoiwa rviaTKe h orjieaajiacre noBpniMHe CHJiHHHjyMa.

^o6HjaH>e caBpuieHO r.iaTKHX h orjieaa;iacTHX noBpiHHHa HHje Shjio

Moryhe nocTHhH 36or c&wor HanHHa npnnpeMe njioHHua noje cy HarpH3aHe

y TeMHOM xeMHjcKOM cpeacTBy (HF h HNO3).
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PaBHOMepHOcr yKiia&aiba CHJiHUHjyjwa ca noBpuiHHe ruiomme koh-

TponHcaHa je Mepeiteivi fle6jbHHe njioiHqe KOMnapaTopoiw npe h nocne eKcne-

pujweHaTa. Mepeita cy BpmeHa py>K njiomme y npaBny crpyje raca Ha pacro-

jaaHMa ojx no 1 mm H3Mef)y aBa y3acronHa iwepeita. IIoKa3ajio ce rsl ce npn

npoTOUHMa BoaoHHKa ofl 2 h 3 lit/min, 6e3 o63Hpa Ha TeMnepaTypy peaioHije

h caflpwaj HC1 y BOflOHHKy, CHjiHUHjyM HepaBHOiwepHO yicaaH>a, h to Tano

na ce HajBHiue MaTepnjajia yKJiaaa ca nena njioMHue, o/jhocho ca Mecra rae

rac Hanjia3H Ha y3opaK. OBa nojaBa yna3yje Ha nocTojaite KOHneHTpauHOHor

rpaflHjeHTa HC1 ay>K noBpuiHHe nnomme. Hcth etheiraT „Kocor HarpH3aif>a"

npHMeheH je npn npoTOHHiwa BoaoHHKa on 4, 5 h 6 litjmin ca caapnojeivi

HC1 BehHM ofl 4°0. Pa3JiHKa H3Mer)y JwaKCHAiajiHe h MHHHMajme aeSjbHHe

njiotmue nocjie HarpH3an>a npH HaBefleHHM eKcnepHAieHTajiHHM ycjiOBHMa

H3Hocmia je 20—30 MHKpoHa.

Haj6ojtH pe3yjiTaTH y nomeay paBHOMepHOCTH yKJiaitaiba CHJiHUHjyMa

np6HjeHH cy Ha TeivinepaTypH ojx 1230°C h npn npoTOUHMa BOflOHHKa o,n

4, 5 h 6 litjmin ca canpjKajeM HC1 or 1—3%. flpn obhm ycjiOBHMa pa3JiHKa

y aeSjbHHH njiomme KpeTajia ce oa 1—3 ivurapoHa.

Kano eKcnepuMeHTaJiHH ycjioBH — TeiwnepaTypa on 1230°C, npoTOK

BOflOHHKa op, 4 lit\min ca caflp>KajeM HC1 y rpammaMa op 1—3% — hcto-

BpeMeHO 3aflOBOJbaBajy pBa HeonxogHa KpHTepnjyMa 3a floSnjaifee KpHcraJic-

rpac^CKH aoSpHX enHTai<CHjajiHHX cjiojeBa, to cy HaBefleHH ycnoBH 3a#pH<aHH

h npn eKcnepHMeHTHMa cajwor enHTaKCHjanHor pacra CHJiHUHjyMa. flouiTO

6h ce y peaKTopy noa parim ycjiOBHMa H3BpniHJia npnnpeMa cyncrpaTa,

Kpo3 6o™y rpaHy (3) h 6ap6oTep ca SiCl4 (4) (en. 1) nponyurraH je boaohhk

h HacraBJbaH je caiw enHiaKCHjajiHH pacT CHJiHUHjyMa 6e3 npoMeHe TeMnepa-

TypHor pejKHMa. MeifeaiteM npoTOKa boaohhio Kpo3 6ap6oTep, Kojn ce

HaJia3HO y TepMOcraTy Ha TeMnepaTypH op, 20 ± 0,1 °C, nocTHTHyr je y

racHoj cpa3H pacnoH MOJiCKor oflHoca SiCl4/H2 y rpaHiojaMa op 1 ,8 x 10~4 —

TABJIHUA I TABLE

Epsuna paciua u 6poj epeutana uaKoeaiba euuutaKcujaAHUX c.tojeea Si y 3aeucHOciuu od moa-

cko; odnoca SiCU/H2

Growth rates and stacking faults density of epitaxial silicon layers as a function of mol. ratio

SiCl4/H2

MoJICKH OflHOC Ep3ima pacTa Bpoj rpemaKa naKOBa&a

Mol. ratio Growth rate Number ot stacking faults

SiCl4/H2 y.jmin cm2

1,8 • 10-4 0,06 *

1,4- 10-3 0,4
*

2,8 • 10-3 0,6
*

4,2 • 10-3

2,2 • 10~2

0,8
*

1,8 2,2 • 104

4,2 ■ 10-2 2,5 1,8 • 104

5,5 • 10-2 2,6 9,1 • 103

6,2 • lO-2 2,8 4,1 • 103

8,2 • lO-2 2,8 8,0 • 102

1,0 • 10-1 2,8 90

* OaHa^eHa cy MecTa r;;e je 36or BeJim<or 6poja 6n.no HeMoryhe yTBpmrrH Taian

6poj rpemana nai<OBaH>a.
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— 0,1. JXa 6h ce floSmia AOBOJbHa ge6jbHHa erarraKCHjajiHHx cjiojeBa, ^wwe

6n emia OMoryheHa iiito fleraiBHHja iweTajiorpacpCKa HcnHTHBaita h>hxobhx

KpHCTanorpa4)CKHX KapaKTepHCTHKa, Bpesie Tpajaiba ennTaKCHjajiHor pacra

ce MeH>a.io y rpammaMa op 10—180 tnin. y 3aBHCHocrH op KOHneHTpauHje

SiCl4 y racHoj cpa3H.

Bp3HHa pacra enHTaKCHjajiHHX aiojeBa 3a pasttHwre KOHneirrpanHje

SiCl4yracHoj <J)a3HaaTa je y TaGjiHirn I. Bp3HHa pacra, oahocho aeSjBHHa

erorraKCHjajiHHx cuojeBa oaper)HBaHa je iwepeH>eM ay>KHHe crpaHe rperane

naKOBaita (3) noa MerajiorpacpCKHM MHKpocKonoM. Y Hcroj TaSjinnn naT

je 6poj rpeuiaKa naKOBaita y 3aBHCHocrn oji KOHneHTpauHje SiCl4 y racHoj

(pa3H.

Epoj rpeiuana naKOBaita oapel)HBaH je Ha oieaehH HaiHH. ITofl MeTa-

jiorpacpCKHM MHKpocKonoM canoBpuiHHOM BHflHor nojba op 0,94 mm2 BpmeHO

je 6pojaH,e rpemana naKOBaita y npaBiry crpyje raca h HOpiwajiHO Ha npaBan

crpyje raca no cpe,HHHH ruiomme Ha pacrojaH>HMa op no jeaaH MHJiHMerap.

CpeaH>a BpeflHocx npSHjeHa je H3 ajire6apcKor 36npa cbhx rpemaKa

naKOBaH>a ca noBpuiHHe op 40 bhahhx nojta, a 3araM je npepa^ryHaTa Ha

1 cm2.

3AKJty^IAK

a. EKcnepHMeHraJiHO je noKa3aHO pa ce 6p3HHa HarpH3aH.a miomina

MOHOKpHcrajiHor CHJimiHjyMa ycneuiHO Monte KOHTpojincaTH npoTOKOiw

BOAOHHKa h ca^piKajeM HC1 y racHoj <pa3H.

6. MnKpopeJBe(p noBpuiHHe njio^uma h paBHOiwepHocr yKJiaH>aH>a

AiaTepnjajia yMHoroMe 3aBHce op eKcnepnMeHTajiHHX ycjioBa pa^a. HajBojBH

pe3y.iTaTH y nomefly npnnpeiwe cyncrpaTa flo6njeHH cy Ha TeMnepaTypn

oa 1230°C h npn npoTOKy BOflOHHKa op 4—6 litjmin ca caflpwajeM 1—3%

3anpeMHHCKHx HC1.

b. Bp3HHa caMor ennraKCHjaJiHor pacTa 3aBHCH op KOHnempanHje

SiCl4 y racHoj cpa3H, npn qeiwy ce 6poj rpeuiana naKOBaita y ennTaKCHjajmoM

c.iojy apacTH^HO CMaityje ca noBehaH>eM KOHueHTpannje SiCl4 y racHoj

cpa3H.

r. OeHOMeH onaAaita 6poja rpeuiana naKOBanba ca noBehaH>ejM koh-

neHrpanHje SiCl4 y racHoj (pa3H, a Kojn je 3ana>KeH y obom paay, 3acjry>Kyje

noceSHy namH>y n 6nhe nnji Hcrpa>KHBaH>a y jeflHOM op cjie^ehnx paflOBa.

H3B0J1;

HcrorraHH cy ycjiOBH Harpn3aH>a MOHoi<pHCTa:iHHx momma Si raco-

bhthm xjiopoBOflOHHKOM npn pa3.iHWTHM npoTonnMa H2 h ca,op>KajeM

HC1 y Hoceheiw racy. Y onTHMajmniw ycjiOBHMa Harpn3aH>a, Kapa ce flo6njajy

orjieaaiiacTO cjajHe h r.iaTKe noBpuiHHe cHJiHUHjyMa, H3Bof)eH je ennTaKcii-

janmi pacr CHJiHnHjyjwa. JJara cy no^ann o 6p3HHaAia pacra eniiTaKCHjajimrx

c.iojeBa CHJiHnnjyMa h o Spojy rpemana nai<0BaH>a y 33bhchocth op KOH

neHTpauHje SiCl4 y racHoj (pa3H.

TexHOJiouiKO-MeTaJiypuiKH (JjaKyjiTcr, ripii.MJbeHo 15. jawyapa 1971.

II HHCTHTyT 3a XCMHJCKa, TeXHOJIOIIIKa H

MeTajiypuiKa Hcrpa>KHBaH>a, Eeorpa/j



148 AHflPEJA B. BAJIHITR ■ PACTKO H. POKHHH

SUMMARY

EXAMINATION OF HC1 AND SiCl4 CONCENTRATION INFLU

ENCE ON THE PREPARATION OF SUBSTRATE AND

EPITAXIAL GROWTH OF SILICON

by

ANDREJA V. VALCIC and RASTKO N. ROKNlC

The conditions of etching silicon wafers by the gaseous HC1 at various

flow rates of H2 and with different contents of HC1 in the gas carrier have

been examined. The silicon epitaxial growth was performed when silicon

mirror-smooth surfaces during the optimum etching conditions, were ob

tained.

Data on the growth rates of the silicon epitaxial layers and on the num

ber of the stacking faults dependent on the SiCU concentration in the gas

phase are given.
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YTHLXAJ CACTABA IIJIAMEHA HA PACT MOHOKPHCTAJIA

Nb205 no METOJW BEPHEJA

AH£PEJE B. BAJI^HTiA h MHJ1AHA T. BPEKHTiA

HHo6HjyM-neHTOKCHfl ce jaBiba y BHine ajiOTponcKHXMOjn«pHKanHja(l),

oa kojhx je HajHHrepecaHTHHjH H.eroB H, o^hocho a o6jihk. Oh npeacraBJba

KpajH>H BHCOKOTeMnepaTypHH o6jihk kojh ce jaBJba npn 3arpeBaH>y hho6h-

jyjw-neHTOKCHAa Ha TeMnepaTypaiwa npeKO 1000°C h ocraje y tom o6jiHKy

npH JiaraHOM xjialjeity (2). Gatehause h Wadsley (3) cy KOHcraTOBajiH #a

HHo6HjyM-neHTOKCHfl KpHcrajiHuie ca jcziHHHiHOM hennjoM MOHOKUHmmHor

Tana h Aa y crexeoMeTpHjcKOM oflHOcy caap>KH 28 Nb aToiwa h 70 aToiwa

KHceoHHKa. HcnHTHBaHbeM 3aBHCHocTH HecTexHOMerpHjcKor cacraBa je,zjH-

H>eH>a HHo6HjyM-neHTOKCHHa ojx napirnjajiHor npHTHCKa KHceoHHKa y aTMO-

c(bepH oko Kpncrajia npH pa3HHM TeiwnepaTypaMa ycraHOBJBeHO je aa oacry-

nan>e ojs, CTexHOMeTpHjcKor cacraBa Te^e KOHTHHyaJiHo (4, 5, 6) npeiwa (pop-

MyjiH Nb205_x. OBa HecTexnoMeTpHMHOCT Be3aHa je 3a nojaBy rpeinana

KpHCTaJiHe peuieTKe. IlojaBa KHceommHHX niynjiHHa y pemeTKH ycjioBJBaBa

noBehaHy npoBojiHOCT MOHOKpHcrajia HHoGHjyM-neHTOKCHjja, TaKO fla oh

no6yr)yje CBe Behn HHTepec Kao noTeHiuijanHH nojrynpoBOflHHHKH MaTepHjan.

y norjieay ao6HjaH>a jwoHOKpHCTajia HHrepecaHTHO je cnoMeHyTH

paflOBe Sheasby-a (7) h flpyrax. y obhm paflOBHMa o6par)eHe cy Merofle

ao6HjaH>a MOHOKpHcrajia HHo6HjyM-neirroKCHira TpaHcnopTHOM peaKUHjoM h

AieToaa no Verneuil-y (8). HaqHH Ha kojh je BpuieHa KpHcrajiH3anHja omo-

ryhaBao j e AoSnj aite MOHOKpHcrajia pejiaTHBHO Majinx AHi«eH3Hj a ( 1 x 6 mm) .

A. A. rionoBa (9) HcnHTyje yranaj aTiwoccpepe Ha BajieHTHOCT OKCH^a

rao>Kr)a, Kooannra h MaHraHa npn flo6HjaH>y MOHOKpHcrajia obhx MaTepnjajia

no MeroflH Verneuil-a h jraje 3aBHCHOCT BajieHTHOCTH op, oflHOca bouohhk-

-KHceoHHK y njiaMeHy npn KpHcrajiH3aHHjH.

EKCnEPHMEHTAJIHH £EO

Auapa&ypa u MamepujaA

AnapaTypa Koja je ynoTpe6jbeHa 3a eKcnepH.weHTe npojeKTOBaHa je no KOHuenuiijn

Kojy je flao C. K. IlonoB(lO) 3a flo6Hjait>e MOHOKpiicTajia KopyH^a, c thm iiito cy yunH>eHa

lUBecHa npanaroljaBaifca. MarepHjaji 3a KpncTa;iH3auHjy A03iipaH je MarHeTHHM BHOpa

149
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TopoM, kojh je o6e36et)HBao npeu.H3HO i ■ :iipan,c. yncrrpe6jbeHH ruiaMeHHK cacrojao ce

on Tpu KOHueHTpHiHO nocTaB.teHe ucmi (11), TaKO aa cy yH>TpaiiiH>a h cnojtHa ueB ory-

>KHJie 3a flOBoa KHceoHHKa, a cpcuita 3a aoBO.it boaohhio. OBaj Tun njiaMeHHKa ooea-

6el)yje npoMeHy o.tHoca boaohhk-khccohhk y Bpjio iiihpokom HHTepBajiy, a npH tom b

^OBOJbHy KOJiHMHHy TonvioTe 3a TonjbeH>e .waTepHjana.

TacoBH ynoTpeojbeHH 3a 3arpeBaH,e, khccohhk h boaohhk, 6hjih cy ..TexmrtKe"

micTohe h y3HMaHH cy ^iipeKTHo H3 mcjihmhhx 6oua.

ynoTpe6ji.eHH npax HHo6njyM-neHTOKCna je npon3BO,m>e „Fluka" — IIlBajuapcKa,

MHCTohe 99,9%, a nc. inuinia HecTHita KpeTa-ia ce on 3 no 15 MHKpoHa.

PE3YJITATII

HcnHTHBaBbe yTHijaja cacraBa imajvieHa Ha npoMeHy 6oje MOHOKpHcraia

HHoGHjyM-neHTOKCHaa BpuieHO je npH A03HpaH,y npaxa on 0,1 no 0,2 gr/h.

OBa HcriHTHBaH.a BpiueHa cy npn npoiweHH ozjHoca boaohhk-khccohhk on

1,5 flo 3,5, panyHajyhH Ha 3anpeMHHCKe ojnroce. AncojiyTHe BpeaHocm

KOjiHMHHa racoBa 0flp>KaBaHe cy Tano /ja CBe *iecTHH,e Koje npor)y Kpo3 iuia-

iweH 6yay crombeHe. Obo je KOHcraTOBaHO Ha Taj HaHHH ihto cy Mecnme

npaxa noje npojia3e npo3 iuiaiweH XBaTaHe y cyny ca boaom h HcnHTHBaHe

nOfl MHKpOCKOnOM.

IlocMaTpaH>eM obhx iecTHi;a nop, MHKpocKonoM MOH<e ce KOHcraTOBaTH

Aa cy to npaBmme, noTiryHO npoBHAHe h 6Hcrpe .lome. Obo je cmypaH

3Han aa cy Te Kyrjinue ccpeproi MOHOKpncrajiH.

Kaa ce npn pa^y oflHoc BOflOHHKa npe.wa KHceoHHKy Kpehe y 1,5 no

2,5, flo6nja ce 80° 0 ccpepmot MOHOKpHcrajia cBeTJio»<yTe, 10% hHJiH6apHe

h 10°,, njiaBe 6oje. Ka#a ce OBaj o;ihoc npehe on 2,5 no 2,8, aoSnja ce 50°,,

hHJiH6apHHx, 20% CBeTJio>KyTHX h 30% njiaBHX MOHOKpHcrajiHHX KyiYiima.

npn oflHOCHMa BOflOHHKa npeiwa KHceoHHKy BeheM oa 2,8 ao6Hja ce oko

80° o n.naBHX, a 20% CBeT.io>KyTHX h hH,iH6apHHX c<J>epHHX MOHOKpHcra-ia.

Ha cjihhh 1 . npHKa3aHH cy cc})epHH MOHOKpHcraiiH HHo6HjyM-neHTO-

KCH,na nociwaTpaHH nop, MHKpocKonoM.

 

Cjiuxa I. Figure

C(J>epHH MOHOKpHCTaJTH ND2O5

Spherical single crystals of the Nb20s

FIpoMeHa 6oje cBanaKo je BC3aHa 3a KOJiHMHHy KHceoHHKa yrpar)eHor

y KpHcra.iHy pemeTKy Nb^Os h Ta^a ce aoSnje a — o6.hhk CHpo.wamaH

KHCeOHHKOM.

JloSnjeHH ccjiepHH MOHOKpucraJiH Hiwa.iH cy npe^HHK Kojn ce Kperao

ojx 7 no 150 MHKpoHa, ihto 3na<iH aa ce HecrHU,e npn npojia3y npo3 ruiaMeH

cnajajy y Behe.

,II,o6HjaH,e MOHOKpHcra.ia Nb'_>0 Behnx AHMeH3Hja BpmeHo je 6e3

opujeHTHcaHe K.iHue, 6p3HM Ha6aHHBaibeM npaxa Ha iirran kojh porapa.
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Ha OBaj HaiHH Ha uiTany ce o6pa3yje Kyna, ™jH Bpx, Kaaa ce ctoiih, cjiy>KH

Kao kjihuei. IlocTeneHHM npoiiiHpHBaH>e.M OBe Kjinue ao6Hja ce moHOKpHCTaji.

Haj6ojbH pe3yjiTara aoSnjeHH cy npn poTauHjn oa 30 ojmin, 6p3HHH

cnyurraifea oa 8 mmjh h ao3Hpaity npaxa oa 1,2 grjh. Boja KpHcrajia 3aBH-

CH.ia je oa oaHoca BoaoHHKa npeMa KHceoHHKy, Kao hito je Hanpea onncaHO.

Zlo6njeHH .MOHOKpHcrajiH HMajiH cy ay>KHHy oa 20 ao 30 mm n npe^HHK oa

3—5 mm. Ha cjihuh 2. npHKa3aH je MOHOKpHcraJi Nb205 >Kyre 6oje npn

npoTOKy BoaoHHKa oa 500 Ijh h npoTOKy KHceoHHKa oa 300 Ijh.

HHTepecaHTHO je aa 3pHa, Kaaa oa CTBopeHe KJiime nol)e BHiue h>hx,

pacry y o6.iHKy „6yKeTa", a CBaKO 3pH0 HMa o6jihk uiTannha ca yrjiacrHM

nonpe^HiiM npeceKOM h BehHHa hx je pa3JiHiHTO o6ojeHa. Mer)yrHM, CBaKO

nojeaHHO 3pH0 je xo.ttoreHO oSojeHO (cji. 3). HmfceHHua je aa cy CBa OBa

3pHa Hacra.ia h pacjia noa hcthm ycuoBHMa, na ce Mowe npeTnocraBHTH

aa je pa3.iHmrra 6oja nojeaHHHX 3pHa Be3aHa 3a H>HXOBy opHjeHTaujHjy,

jep y H3BecHHM cjiy^ajeBHMa opHjeHTauHja HMa ycjioBa aa (})aBopH3yje npo-

uec yrpar)HBait>a KHceoHHKa y pemeTKy.

 

Cmaca 2. Figure Cauko 3. Figure

MoHOKpncraji Nb20s nojini<pncTaj7HH Nb^Os

A single crystal of the N02O5 Polycrystalline Nb20s

H3BOH

y obom paay HcnmaH je yTHuaj cacraBa ruiaMeHa Ha npoMeHy 60je

MOHOKpHcrajia Nb205 npn pacry KpHcrajia no MeroaH Verneuil-a. Ytbp-

l)eHO je aa KpHCTaJi Nb205 MO>Ke Hsiara >Kyry hiuiHSapHy h njiaBy 6ojy,

y 3aBHCHOCTH oa oaHoca BoaoHHKa h KHceoHHKa y rniaAieHV. nopea OBor,

yrBpl)eHH cy HajnoBOJtHHjH ycJiOBH ao6HjaH>a MOHOKpHcrajia Nba05, h

aoGHjeHH MOHOKpHcraJiH cy ay>KHHe 20—30 mm h npe^HHKa 3—4 mm.

TexnojioiuKO-MeTajiyptuKH cpai<yjiTeT, Beorpaa npnM.T»eHo 4. jaHyapa 1971.
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SUMMARY

THE INFLUENCE OF FLAME COMPOSITION ON THE GROWTH

OF SINGLE CRYSTAL Nb2Os BY THE VERNEUIL METHOD

by

ANDREJA V. VALClC and MILAN G. BREKIC

The influence of the flame composition on the change of colour of

growing single crystal ND2O5 was investigated. It was found that the colour

of the single crystal ND2O5 turned from yellow to amber and finally to blue,

in relation to the ratio H2/O2 in the flame. The optimal conditions of growth

of the single crystal Nb2Os were found, and the produced single crystals

were of 20—30 mm length and 3—5 mm in diametar.

Faculty of Technology and Metallurgy Received January 4, 1971.
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JXOEHJAIfeE JIEryPE MATHE3HjyMA CA HHCKHM CA^P)KAJEM

EEPHJIHJYMA

Ofl

■BOP-BA B. UBETAHOBHTiA

MarHe3Hjyiw je, 36or CBor HHCKor HeyTpoHCKor ancopnuHOHor npe-

ceKa, KOMnaraGHJiHOCTH ca ypaHHjyMOM y cbhm o6jiacrHMa HBpcror CTaita,

HHCKe cnei;H(})HMHe tokhhc, floGpe oopaflJBHBOCTH, floCpe TepMHMKe cnpo-

boaibhbocth h CTa6miHOCTH y CO2 racy, noroflaH MaTepHjan 3a H3pafly

KomyjBHua ropHBHX ejieMeHaTa h AeTajta KOHcrpyKUHje HyKJieapHHX pean-

Topa xjia^eHHX ca CO2 racoM h rpa(J)HTOM Kao MOflepaiopoM. j],a 6h ce no-

6ojtiua.ia H>eroBa pejiaTHBHo HHcna otciophoct npeiwa OKCHflauHjH (3aurrnTHa

noKoaama ofl MgO nyua Beh Ha 475°C h Heiwa 3auiTHTHHx ocoSHHa) h fla

6h ce CMaH.HJia H>eroBa flo6po no3HaTa impofJjopHOCT (noja Hacraje nofl

y-rmjajeM Tonjicvre peanuHje OKCHflaunje npH TeMnepaTypaiwa ofl npeno

485°C(n) — floflajy My ce JierHpajyhe KOMnoHeHTe. Ofl Hapomrror HHTepeca

cy H>eroBe nerype ca GepiuiHjyMOM, mhjh flOflaTan h y HajiwaifcHM KOjnmHHaMa,

Ofl xmBaflHTHX flejiOBa npoqeHaTa, ciwaityje 3anajBHBOCT MarHe3Hjyivia flo

760°O2), oflHocHo 80O°a3'.

36or HHCKe pacTBopjtHBOCTH SepHjiHjyiwa y MarHe3HjyMy (0,01—

0,015",, Ha 700°C h 0,03—0,04% Ha 780°C) iwory ce KJiacH^HHM nocrynKOM

TOiubeifca h JiernpaH>a ao6hth cajwo ierype ^HjH ce caflp>Kaj 6epHJiHjyivia

Kpehe y rpamiqaMa ofl hcko^hko ctothx flejiOBa npoueHaTa. Ilpouec je

OTe>KaH h 36or pejiaTHBHo BejiHKHX pa3JiHKa TeMnepaType ToimeHba iwarHe-

3HjyAia (650°C) h 6epnjiHjyMa (1283°C), mipo(j)opHocTH h Buconor HanoHa

nape MarHe3Hjyina (2,63 mm Hg cry6a Ha 650°C h 407,4 mm Hg cryBa Ha

1027°C), Kao h BejiHKe tokchwhocth 6epnjiHjyMa (fl03BOJBeHa KOHueHTpauHja

y Ba3flyxy 2 [igr/m3).

H3 thx pa3Jiora yo6HMajeHH nocrynaK TomBe&a h Jiernpaifca y otbo-

peHOM rarjiy BpuiH ce nofl crcojeM 3auiTHTHHX cojih. MeljyrHM, y ciyuajy

flo6HjaH>a Jierype HaMeH>eHe HyKJieapHoj tcxhhuh, ca Bpjio crporaM ycjioBHiwa

y norjiefly caflpH<aja HeqHcroha, Torubeite y OTBopeHoiw THr.iy Kpnje y ce6H

onacHOCT KOHTaMHHauHje cronjbeHor MeraJia ca He^HCTohaiwa, Koje ciwaH>yjy

KOp03HOHy OTnOpHOCT.

OBaj HeflocraTaK ce Mowe H36ehH npuMeHOM Merofle Koja OMoryhyje

fla ce TonjbeH>e BpuiH y 3aTBopeHOM peaKiuTOHOM cyfly 6e3 npncycTBa 3aui
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tuthhx co.ih. ConcTBeHOM KOHCTpyKUHjoiw »ieJiHMHor peaKnwoHor cyaa OBa

Merofla je MOAHcpHKOBaHa, TaKO Aa je oMoryheH paa y aTMOC<J)epH 3aiiiTHTHor

raca aproHa. JXa 6h ce cnpeiHJia KOHTaMHHauHja .lerype ca >Kene30M, Ha

noBpuiHHe cyaa Koje aojia3e y nonup ca cronjbeHHM iweTajioM HaHoiueH je

3atUTHTHH CJIOj OKCHfla.

EKCnEPHMEHTAJIHH PAR

PeajcmioHH cyn, H3pal)eH on HHCKoyrjbeHHMHor HejiiiKa, cacrojH ce on noa jena:

ropifcer, y KOMe ce npum Tonjbeae, h aoifcer, y kojh ce craBJba KOKHJia. Il3.Me!)y OBa nBa

flejia nocTojH otbop, kojh ce :<aTBapa mcjihmhhm qenoiw cnojeHii.w ca ,ay>KOM ueBH, Koja

H3Jia3H BaH MHTaBor ypcbaja 3a Tonjbeifce h mijiiw ce BepraKanHHM no.Mepaifce.n Men Mo>Ke

noanhH h H3BpuiHTH JiiiBeH>e TeMHe Jierype y KOKHJiy. Kpo3 obv ucb cnpoBejeH je NiCr-

-Ni TepMonap, mme je o.woryheHa penicTpauiija CTBapHe TeMnepaType jiema y rarjiy.

no 3aBpmeHOM niapjKHpaity h CKjianaay peaKHHomi cyn je 3a 4>a3y .hibch a 11

TonjbeH>a CTaBJbeH y jia5opaTopnjcKy BaKyyMCKy HitnyKUHOHy neh cHare 15 kVC'. V'3 npeT-

xo.hho eBaKyHcaibe no BanyyMa paaa 10~3 torr-a, y6auHBaH je aproH no npirnicKa 03.

660 mm Hg cry6a, y nojoj aTMoapepn je BpiueHO TonjbeH>e h .iHBeite.

Ha cjihuh 1. AaT je me.viaTCKH npmta3 peaKujicmor cyaa ca HHayicropoM 11 pemt-

nHjeHTOM nehn.

 

Cji. 1. Phc

KoKHJia, iwpabcHa Kao flBoae^Ha, TaKol)e je on MenHKa. Ha H»eHoj yHyTpauiaoj

CTpami, paA» JiaKmer oasajaifea 0,-yiHBKa H flo(5iijaH,a miictc ncmpiUHHe, HaHOUieH je 3am-

ththii npeiwa3 yo6miajeH npn jiHBeity Jierypa MarHe3HjyMa: BcueHa e.wyji3nja uhhk-ok-

cii/ia ca Ao.iaTKOM 5opHe KHcejimte h Boaeiior crai-cia.
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3a H3Bol)eft>e omiTa ynoTpe6jbeH je MarHe3HjyM-MeTan HywieapHe *mcTohe. Jleni-

pajyhe KOMnoHeHTe AOAaBaHe cy y o6jiHKy 6epHJiHjyM-MeTajia 99,6%, Al-Be npeftnerypa

ca 5,018% Be (caApwaj kophchhx KOMnoHeHaTa Al + Be + Mg = 99,4%) h ajiyMHHH-

jyM-MCTaji ca 99,83% Al.

y3opqH Ao6njeHH H3 OAJiHBKa nojeAHHiix onHTa aHa^H3npaHH cy cneKTporpacpcKH,

h to: 3a o;npel)HBaH>e caApwaja 6epHJiHjyiwa h anyiHHHHjyMa no MeroflH ca cojioxpoMintja-

hhhom R, a wene3a no mctoah ca 1,10 (JjeHaHTpojiHHOM.

Ohhth Ao6njaH>a jierype Maine3HjyMa ca hmckhm caap>KajeM SepwiHjyMa Bpmenu

cy ca miibeM Aa ce OApeAe onTHiwajraH ycnoBH AoSnjaifea wejbeHor xeMHjcKor cacraBa,

y3 Boheite paqyiia o KOHTaMiiHainijH Jierype ca >Kene30M H3 Hejimwor peawiHOHor cy«a.

Ilpn TOiwe je ycBojeHO aa caApwaj Jiernpajyhnx KOMnoHeHaTa 6y«e hcth Kao h koa Jie

rype no3H3Te noA Ha3HBOM „Magnox A-12", h to:

Be 0,002 — 0,03%

Al 0,7 — 0,8 %

PE3yjITATH HCnHTHBAIfcA H HjHXOBA HHTEPIIPETAUHJA

y TaSjmuH I npiu<a3aHH cy aHajiHTHHKH pe3yrrraTH caapwaja SepnuiH-

jyjma h ajryMHHHjyjvva y JierypH, y 33bhchocth oa TCMnepaType h BpeMeHa

jierapaita. JlerHpajyhe KOMnoHeHTe aoaaBaHe cy y KOHcraHTHHM koahhh-

Hajwa, h to 6epnjiHjyiw y o6jiHKy npefljierype, a aAyMHHHjyiw Kpo3 npeA-ie-

rypy h ihct Meraji.

TABJIHUA I* TABJ1HUA

TeMnepaTypa Bpeiwe TeMnepa-rrpa XeiwnjcKH cacraB oAJMBKa
jierwpaH>a nerHpaiba jiHBeifea

TeMnepaTypa Bpe/«e TeMnepaTypa

XHMHMeCKHil COCTaB CJIHTKa

AerapoBaHHH nerHpoBaHHH AHTbH

°/o

0°C min °C Be Al

1. 700 5 700 0,002 0,77

2. 800 10 800 0,004 0,74

3. 900 5 900 0,004 0,80

4. 900 10 900 0,005 0,73

5. 900 20 800 0,014 0,76

6. 950 60 950 0,003 0,74

* JXoAaTaK jierapajyhHx eueMeHaTa: 0,02% Be

Ao6aBKa JiernpywiiiMx ajieMeHTOB 0,8 % Al

OrpaHiraeHOCT kojih^hhc 6epnJiHjyMa Koja ce MO>Ke nernpaTH, uito

je ycjiOBJbeHO H>eroBOM Beoiwa hhckom pacTBopjbHBomhy y MarHe3Hjyiwy

3axTeBa, Kao ihto ce bhah H3 npHKa3aHHX pe3yATaTa y Ta6AHUH I, oaroBa-

pajyhe ycnoBe 3a ycneuiHo Jierapaibe.

IlpBH oa thx yoiOBa je uito Beha TeMnepaTypa Jierapaiba, nano 6h

ce urro Beha KOAHmma 6epiuiHjyMa pacTBopHJia y tchhom MarHe3Hjyiviy.

KaKO KHHeraKa pacTBapaaa 3aBHCH h or BpeiweHa, to h OBaj cpaKTop nrpa

3HaqajHy ynory.

HH3aK caflp>Kaj SepHAHjyiwa koa onHTa 6. o6jauiH>aBa ce Hacrajaifcejvi

HHTepMeTaJTHor cnoja MgBei3, KojH mvia Behy rycTHHy ofl Termor iwarHe-
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3HjyMa, uiTO AOBOflH flo jiHKBaqHje. YKa3yje ce Ha MoryhHOcr m >Ke.ie3o,

Kora je y obom omny 6hjio y noBehaHoj kojihmhhh (0,13°o), AOBeae

npeuHiiHTauHje 6epHJiHjyitta, 3a iirra nocroje naBOflH h y JurrcpaiypH^4'*.

Jlpyra 3HaMajaH (paicrop 3a ycneuiHO JienipaH>e je Hamm yHoineita

6epHJiHjyMa y iuap>Ky. yHomeH>e npo3 npeanerypy Al-Be ca 5°u Be, 36or

Behe pacTBopjBHBOCTH 6epHJiHjyMa y a^yMinwjyMy Hero y AiarHe3HjyMy h

nocrojaifca eyTeKTHKyjvia y CHCTeiwy Al-Be (1,4% Be ca TeivinepaTypoM Ton-

jbeH>a ofl 644 C), aaje 6oJbe pe3yjrraTe Hero yHomeH>e y oojiHKy terror

Mera^a. y Ta6jiHHH II npra<a3aHH cy aHajiHTHMKH pe3yjrraTH caap>Kaja 6epn-

jiHjyivia h ajryMHHHjyMa y JierypH, y 3aBHCHOCTH on Hamma yHOiueifca 6epH-

jinjyMa: Kao MHcror Merajia hjih y o6jiHKy npefljierype.

TAEJIHUA II* TAEJIHUA

HamtH .nofla-

Liaiba SepnjiH-

jynia

ao6aBKH

6epHJIHHH

TeiwnepaTypa BpeMe

jiernpajfea jiernpaiba

TeiwnepaTypa Bpemi

:iernpoBaHHH Jiei'HpOBaHHH

"C min

TeiwnepaTypa

.iimeH>a

TeiwnepaTypa

JIHTbH

XeMH)CKH cacTas

oonHBKa

XHMmeCKHH

cocraB cjniTKa

Be Al

1. MeTaji — iweiajj 700 5 700 Tpar. 0,80

2. IlpeflJierypa — cnJiaB 700 5 700 0,002 0,77

3. MeTaji — Meraji 900 20 800 0,006 0,79

4. npefljierypa — cnJiaB 900 20 800 0,014 0,76

* JIoflaTaK jieroipajyhHX cjicMenaTa: 0,02 % Be

JXo6aBKH jientpyiouiiix DjieiweHTOB: 0,8 % Al

HcnHTHBaH je yrHuaj ao/jaTKa pa3JiHMHTHx KOJiHMHHa JiernpajyhHX

KoiwnoHeHaTa Ha h>hxob ca,ap>Kaj y JierypH, npn KOHcraHTHoj TeMnepaTypn

y BpeMeHy Jiernpaiba. JXo6h}chk pe3yjiTaTH, npHKa3aHH y Ta6jiHUjn III,

yna3yjy Ha to ga yHeTH BHmaK 6epnriHjyMa npaKTH^HO HeMa yrrajaja Ha

H>eroB npoueHaT y JierypH. iloflBJia^H ce ga cy MHoro 6HTHHjH caMH TexHO-

jiohjkh ycnoBH TonjbeH>a, o KojHiwa je Hanpefl roBopeHO.

TAEJIHUA III* TAEJIHUA

CacraB inapwte XeMHjciuj cacTaB OAJiHBKa

COCT3B IUHXTbl XiiMimecKHH cocxaB oiHTKa

% %

Be Al Mg Be Al

1. 0,01 0,8

0,8

0,6

0,8

1,0

0,9

1,0

OcTajio 0,014

0,014

0,015

0,016

0,023

0,015

0,014

0,76

0,75

0,50

0,78

1,06

0,90

0,96

2. 0,02 n

3. 0,03

4. 0,03

5. 0,03 M

6. 0,04

7. 0,04

,»

»»

TeiwnepaTypa Jieriipaita — TeiwnepaTypa .nernpoBaHHH 900°C

Bpeiwe Jiernpaita — Bpe.MH JienipoBamiH 20 min

TeiwnepaTypa jiHBeiba — TeiwnepaTypa jihuh 800°C.
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AjiyMHHHjyM, nopeg Tora iiito oMoryhyje noroflHHje yHouieite 6epn-

jiHjyjwa Kpo3 npeanerypy Al-Be, Kao Jierapajyha KOMnoHeHTa noBehaBa

Kopo3HOHy OTnopHOCT MarHe3HjyMa h cra6njiH3yje okchethh (pHJiM(6), a

TaKorje noGoJbiuaBa h crpyicrypy Jierype. Pe3yjrraTH npHKa3aHH y Hanpea

HaBeaeHHM TaSjimjaAia yKa3yjy Ha to aa npaKTH^HO He nocrojH pa3JiHKa

H3Mer)y yHeTe Kojnrame ajryMHHHjyiwa h &eroBor caapnoja y floSnjeHOM

(WiHBKy. To ce o6jaura>aBa ao6poM pacTBopjbHBomhy anyMHHHjyMa y

iwarHe3HjyMy (2% Ha 25 C), nocrojaH>eAi eyreKTHKyMa (Ha 436 C ca 12,1%

Be) h Beoiwa 6jihckhm TeMnepaTypajwa Tonjbeaa OBa asa Merajia, uito y Hanieiw

cjryiajy /raje xoiworeHy crpyKTypy pacTBopa y mbpctom crafty.

ripaheHa je KOHTaMHHannja Jierype ca >Kejie30M, nourro je Tonji>eH>e

BpuieHO y peaKHHOHOM cy/iy, kojh je H3paI)eH on HHCKoyrjteHH»iHor neuHKa.

JIok ce or OBor MaTepnjajia Mory H3par)HBaTH jiohuh 3a Tombeite tcxhhmkhx

jierypa MarHe3Hjyiwa (pacTBopjBHBOcr H<eJie3a y MarHe3Hjyiviy je 0,05% Ha

750°C, 0,10% Ha 800°C h 0,20% Ha 900°C(7), oh mije cacBHM noroaaH

3a TonJBefte Jierypa HyKJieapHe MHcrohe, noroTOBy Jierype THna „Magnox

A-12" (MaKCHMajiHH ao3BOJbeHH ca^p>Kaj 5Kejie3a 0,006%), r^e ce jierapaH>e

BpiUH Ha pciaTHBHO BHCOKoj TeMnepaTypH.

H3 Tor pa3Jiora HcrumiBaH je etJ)eKaT HaHomeiia 3auiTHTHor cnoja

Ha yHyrpauiay crpaHy aejia peaKinioHor cy^a y Kojvie je BpuieHO Tonji>eH>e

h Ha cnojBHy noBpuiHHy noKpeTHor iena. 3auiTHTHH aioj je HaHeT Ha ABa

Hawnia: cyBHM h mokphai nocrynKOM. IIo cyBoiw nocrynKy Ha nperxogHO

ao6po oiHiuheHe h necnapeHe noBpuiHHe HaHeT je cnoj ajiyMHHHjyM-OKCHfla

Kojn je npojiacKOM Kpo3 anerajieHCKH miaiweH noMohy cnenHjajmor nHnrrojba

npeBeaeH y Te^HO cra&e h Kao TaKaB HaSanaH Ha noBpiuHHy Koja ce 3auiTH-

hyje. Ilo mokpom nocrynKy eiwyji3Hja Hcror cacraBa Kao h 3a npe)«a3HBaH.e

KOKHJie HaHera je noiwohy MeTKHne Ha npeTxoflHO 3arpejaHy noBpuiHHy

wenHKa .

y Ta6jiHUH IV aaT je ca^pwaj >Kejie3a y nojia3HOM MarHe3HjyMy h y

jierypn aoSnjeHoj jiernpaHieM Ha 900°C y TOKy 20 min. 6e3 3auiTHTHor npe-

Ma3a peaKUHOHor cyaa h ca 3aiHTHTHHM npejwa3HJwa. Yo^aBa ce aa ce Tonjbe-

H>e.M y qejnmHOM peaKUHOHOM cy/ry noBehaBa caapwaj H<ejie3a npeKO A03BO-

JteHe rpaHHne. OBa Bpe/THOcr ce CMa&yje aKO ce ynOTpe6n 3auiTHTHH cnoj

flo6HjeH no MOKpoM nocrynKy. Caflpnoj H<ejie3a je ncno,zj MaKCHMa.rao

303B0JbeHe KOJiHTOHe h npaKTH^HO hcth Kao h y nojia3HOM MarHe3Hjyjviy

jeflHHO npn ynoTpe6H 3auiTHTHor cioja flo6HjeHor cyBHM nocrynKOM.

TABJIHUA IV TAEJIHUA

Fe %

IIojia3HH MarHe3HjyM — Maranu HenjiaBneHHH

Be3 3ainnrrHor cnoja — Be3 3ainnTHofi Kpaciai

MoicpH nocrynaK — Mokphh i«eTO,a

CyBH nocrynaK — Cyxofi MeTOfl

0,003

0,050

0,020

0,004

HsJiy^fflBaae pacrBopeHor >Kejie3a no rpaHHqaiwa KpncTana, 36or

jaKor cjwaH>eH>a iteroBe pacTBopjbHBOCTH y iwarHe3HjyAiy ca CHH>KaBaH>eM
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TeMnepaType, bhajbhbo je Koa MeraiiorpacpcKHx y3opaKa ca Behm« ca£p>KajeJW

>Kejie3a HarpioKenux y cHpherHOM nHKpany, iiito je npHKa3aHO Ha cjihhh 2.

Koji, y3opaKa ca MaifeH.w caApwajeM >«ejie3a H3JiyuHBaH>e OBe npHMece ce

TeiiiKO npHiwehyje.

 

Ca. 2 Flyy. x 500

3AKJLVHAK

1. ToiubeifceM y mcih^hom peaKHHOHOM cyay y aTMoapepn aproHa

Moryhe je ao6hth Jierypy Marne3HjyMa ca hhckhm caapnojeM BepHJiHjy.wa:

0,002—0,03% Be h 0,7—0,9°o Al.

2. IloBOJBHHje je 6epn:iHjyM flOflaBara i<po3 Al-Be npe^Jierypy ca

5% Be Hero Kao micr MeTa^.

3. HaHomeiteivi 3aiHTHTHor cjioja aiyMiiHHjyM-OKCHfla Ha noBpimme

yejiH^Hor peaKUHOHor cy^a noje AOJia3e y AOfliip ca tcwhhm MeTa-iOM MOH<e

ce npaKTHMiio H36ehn KOHTaMUHauHja Jierype ca H<ejie30M.

4. OnTHMajina TeivinepaTypa Jiernpaifca y JiaSopaTopHjcKHM ycnoBHMa

BpuieH>a oniiTa je 900CC ca Bpe.MeHOAi Jiernpaifca or 20 mm, a TeMnepaiypa

jiHBeH>a je 800°C.

H3BOJI

JXaTH cy pe3y:iTaTH jiaGopaTopujcKHX onirra ,no6njaH>a Jierype Marae-

3Hjy«a ca hhckhm cajip>KajeAi 6epHJinjyMa, Koja ce ynoTpeSjBaBa y peaK-

TOpCKOj TeXHHUH. OriHTH CV BpiUeHH y 3aTBOpeHOAi qejIHMHOM peaKIJHOHOM

cyay y HiiepTnoj aTAioapepn aproHa.

HaoeAeHH cy napaMerpH Kojn oworyhyjy floonjaifce .nerypa ca 0,002—

0,03% Be h 0,7—0,9% Al. OimiAmjiHa TeAineparypa Jiernpaifca je 900°C,

BpeMe Jiernpaifea 20 min, a Te.MiiepaTypa JiHBeH>a 800CC.
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3aujTHTHH oioj ajiyiHHHHjyM-OKCHfla Ha HejiH^HOM peanqwoHOM cyay

cnpe^aBa KOHTaMHHanHjy Jierype ca >Kejie30M, Koja je, 36or HCKJby<iHBaH>a

no rparomaiwa 3pHa, urreTHa npHiweca.

Hhcthtvt 3a TexHOJiorajy HyKJieapmix h IIpHMJbeHO 29. Maja 1970.

Apyrinc MfmepajiHHx cupoBmia,

Beorpafl

B LI B O R hi

nOJIYMEHHE CnJIABA MATHHfl C HEEOJIBIIIHM COJIEP^CA-

HHEM EEPHJIJIHH

JIaHbi pe3yjibTaTbi HcnbrraHHH b JiaBopaTopHbix ycjiOBHHX noJiyieHHH

cnjiaBa Manura c HefJojibinHM coflepHOHHeiw SepmiJiHH, KOTopbift Hcnojib-

3yercbH Kan KOHcrpyKiiHOHbiH MaTepHan jvm peaicropoB. OnbiTH npoH3BO-

AHJiHCb b 3aKpbirax crajibHbix cocyzjax b HHepraoH aTiwoccjiepe aproHa.

JIaHbi ycnoBHH fljiH noJiy^eHHe ciuiaBa c coflepwaHHejvi 0,002—0,03%

Be h 0,7—0,9% Al. HaibiymuaH TeivinepaTypa JiernpoBaHHH 900°C, BpeiwH

jierapoBaHKH 20 min. TeMnepaTypa JiHTbH 800°C.

3amHTHbiH cjioh rjiHH03ejwa Ha crajrbHOMy cocyay npeaoTBpamaeT

norJiomemie cmiaBOM H<ejie3a KOTopoe, BwaejniBuieeH no rpaHHijaiw 3epeH,

BpeflHan npHMeca.

HHCTHTyT TexHOJiorHH HflepHoro riocTynHJio b peaaKmno 29. Man 1970.

H MHHepajibHoro CbipbH,

r. Bejirpafl.
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BEJIEIIIKA — NOTE

INFRA-RED SPECTRA OF Cu(Ilj-THIOBARBITURATE

COMPLEXES

by

VELIMIR NIKOLASEV, J6ZSEF SZABO and JOZSEF MORVAY

It is well known that the replacement of oxygen by sulfur in the car-

bonyl group at position 2 of barbiturates greatly increases the spasmolytic

effect (1) and the eguilibrium conditions (2) of the resulting thiobarbiturates

are significantly different from those of the corresponding barbiturates.

We have been interested in complex-forming ligands, and to this end

several Cu(II) and Co(II) complexes have been prepared and their spectra

studied according to ligand-field theory considerations (3,4).

In this paper we have studied the IR spectra of several Cu(II)-thio-

barbiturate complexes. The preparation and analysis of the compounds was

carried out as previously reported (3,4). The analytical results showed the

complexes to have the following composition: Cu(II) (thiobarbiturates •

• 2 H20.

Cu(II) complexes have been prepared: 5-ethyl-5-/l-methyl-propyl/-

-2-thiobarbituric acid (EMPTB); 5-allyl-5-/l-cyclohexenyl/-2-thiobarbi-

turic acid (ACHTB); 5-ethyl-5-/l-methylbutyl/-2-thiobarbituric acid (EM-

BTB) and 5-allyl-5-/2-methylpropyl/-2-thiobarbituric acid (AMPTB).

IR spectra were recorded with a Unicam SP 200 spectrophotometer,

using Merck Uvasol KBr. The most important bands are listed in Table I.

Yamaguchi et al. (5) showed that in the case of thiourea and its metal

complexes, several frequencies occur in the IR spectra with different v C = S

character. In thiobarbiturates the strongest band is located at about HOOcw-1

with medium intensity and great vC = S character. Upon complex forma

tion its intensity is greatly reduced. Another characteristic band appears at

about 730 cm*1 with small vC = S character. In the spectra of the comple

xes studied this shifted to frequencies lower by about 30 cm-1. Finally, the

band at around 1470 cm-1 (essentially v N—C—N mode) also shifted on

complex formation to frequencies lower by 20—30 cm'1. These considera

tions lead us to suggest that in Cu(II)-thiobarbiturate complexes the metal
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TABLEI.

SomecharacteristicfrequenciesofthiobarbitimcacidandCu(IT)-thiobarbituratecomplexes

Otherbands

840b*800b

800b

840b,780b 850b,780b

800b

880b,830

820b,780b

780

RegionII

1548

1470b

1540

1480b

1550

1465b

1538

1473b

Thioamidebands

1672

1700,1673

1670 1680

RegionI

1727,

1700b

1720,

1700b

1730,

1695b

1720,

1690b

N—H,O—H

3300

3500,3200

3320b

3400b,3200b

3300

3400b,3180b

3200b

3500,3180b

Compound

2H20 2H20 2H20 2H20

EMPTB
Cu(TB)2

ACHTB
Cu(TB)2

EMBTB

Cu(TB)2

AMPTB
Cu(TB)2

b*=broad
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ion is linked to the sulfur of the thiobarbiturate. This result agrees with

observations (2) based on UV spectra, which showed that in thiobarbiturates

first the sulfur and than the oxygen is protonated.

Institute of Pathophysiology, Received September 1. 1969.

Medical University and

Institute of Organic Chemistry, University of

Szeged, Hungary.
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HOBA ynYTCTBA AYTOPHMA

rjIACHHK XEMHJCKOr flPyfflTBA EEOrPAfl

oojaBJbyje opuiunaAHe uayuue padose, 6eAeuixe, upeiuxodua caouuiuiewa

h peifemuje xnuia

Opunmamu nayvHU padotu cajp>Ke pe3yjrraTe opnrHHajiHHX HCTpa»:HBaH>a kojh

HHcy oCjaBJbeHH, a TpeSa Aa 6yfly Haimcami raKo Aa ce HaBefleHH eKcnepiiMeHra Mory

penpoaj'KOBaTH. PaaoBH ce maiby Ha peaeH3Hjy, a npHXBaTaae paAa o6aBe3yje ayTope

aa HCTe pe3yjiTaTe Hehe o5jaBHTH Ha apyroM Mecry.

Ee.ieiuxe caflp>Ke pe3yjiT3Te Kpahnx, ajiH AOBpmeHHX ncTpa>KHBan>a hjih npHKa-

3yjy conCTBeKa opHTHHajma HCKycrea H3 jia6opaTopHjcKe npaKce (.MeTOflHKe; anapaType

h cjihiho). 06hm SejieuiKe He Tpe6a Aa npelje 500 peiH.

npeutxobna caoihuiuena Tpeoa Aa cajn)>Ke oparHHajiHe HayiHe HHepopwaunje mhjh

KapaKTep saxiesa 6p30 oSjaBJbHBaite h He Tpe6a Aa 6yAy AyJKa oa 1000 penn.

Cbh pa«oBH Mopajy caApacaTH H3BecTaH nosETHBaH pe3yjiTaT h npeA-

CTaBJBaTH HayHHy hoboct.

Oannt aanoMene

PaA MTOKC 6HTH HHCaH Ha CpnCKOXpBaTCKOM HUH HeKOM Ofl cjieAehnx CTpaHHX

jcaiiKa: enrjiecKOM, (ppaHuyCKOM, HeiMawoM hjih pycKOM. Ayuiopu.ua ce upeuopyuyje

da uoduoce padoee uucme Ha cmpanoM jemKy, c o63HpoM Aa ce tokbh paAOBii y uejiHHH

oSjaBJbyjy h y 36opHHKy Collectanea Chemica Yugoslavica, aok ce paAOBH Ha nameM

je3HKy npHKa3yjy y obom 36opHHKy ca.wo h3boaom Ha crpaHOM je3HKy.

PaA Kojn ayTopn noAnecy peAaKinijH Tpe6a Aa je HanncaH y HajKpaheM Mory-

heiw o5jiHKy, a Aa npn TOMe 6yAe jacaH. y yBOAHOM Aeny Tpe6a astii ca.uo HajHy>KHHjH

npemeA paHHjnx HCTpa>KHBaH>a h o6jacHHra CBpxy paAa. Oumupuu upuxa3 iipeuixodHux

padoea na ocuoey mmiepauiype Hehe ce npnxBaTaTH. Hapo^HTy na>KH>y Tpe6a nocBeTHTH

npeiiH3H0.M h jacHOM H3HomeH>y eKcnepHMeHTajiHiix noAaraKa. rio3HaTe MeTOAHKe h

TCXHHKC Tpe6a 03HaiHTH HMCHOM H JIHTepaTypHHM HHTaTOM.

CBaKH paA Mopa ii.waTH KpaTau H3B0A Ha je3HKy Ha KojeM )'e nncaH; aKO je paA

iwcaH Ha name.M je3HKy Mopa HMara joui h H3B0A Ha jeAHOM oa pamije HaBeAeHHX

CTpaHint je3m<a, a axo je imcaH Ha CTpaHO.w je3HKy Mopa HMaTH join h h3boa Ha

Hame.M je3HKy. H3boa Tpe6a Aa caAPH<H CBpxy paAa, 3HanajHe noAaTKe h 3ai<jbyqKe;

He Tpe6a Aa caAP>KH BHiue oa 150 peiH.

PaAOBH Koje je PeAaKUHja npHXBaTHJia urra.wnajy ce no pcAy npHjeiwa, yKOJiHKO

ahxobo o6jaBJi>HBan>e He 6yne 3aApn<aHO iicnpaBKaMa. AyropH Ao6njajy 6ecnjiaTHo

40 noce&Hiix omcaKa CBora paAa.

Padoeu koju uo uiexHuuKoj oupeMU u nauuny ui.uiaiba He odioeapajy ciuiuiy padoea

Koju ce o6jae/byjy y FnacnuKy, 6uhe epahenu ayuiopy na upepady. CTora ce ayropn.Ma

cnpehe na>KH>a Aa ce npn micaifey paAOBa npHApwaBajy cneAeher ynyTCTBa:

OnpeMa pyKonnca

PyKonwc Mopa 6hth AOCTaBJteH PeAaKUHjH y uipu npH\iepi<a, nncaHa MamHHOM

ca ihcthm cnoBHMa, ca aboctpvkhm npopeaoM, Ha jeAiioj crpaHH nanupa cpopinaTa A,

h ca MaprHHOM oa 3 cm ca CBaKe CTpaHe. IlpH Kyuaifcy hc Tpeoa kophcthth kocc



upTe Kao 3arpaae. UpnrHHaji pyKonuca Tpe6a aa caap>KH cse criHKe, nnjarpa.Me b

TaG;mue, Koje Tpeoa npHJiojKHTH Ha noceoHHM JiHCTOBHMa Ha Kpajy pyKomaca, a y

reKcry Tpe6a 03Hawra caMO h>mxobo npH6jin>KHO jwecro. Pe3yjrraTH ce Mory npn-

Ka3a-rn urn cjihkom wiu raSjmnoM. Hcth pe3y;rraT He Mowe ce npHKa3iiBaTH Ha ooa

HaHHHa. He npiKBara ce penpoayKOBaibe camca h TaSjmqa H3 apyrax paaoBa. CTpaHe

pyKonnca Tpeoa HVMepHcaTH. HapoiHTy na>KH>y Tpeoa nocBenrrH HOMeHKJiaTypH h

TepMHHonornjH, Koje Tpe6a aa 6yay y cmiaay ca npenopyKaMa HHTepHanHOHajme yimje

3a HHcry h npHMCH>eHy xeMHjy. CKpaheHHue a chm6ojtc Tpeoa o6jacHHTH npH npBoj

ynoTpe6H y TeKCTy. CneicrpH (IR, UV, NMR), xpo.waTorpaMH h cji. Hehe ce oojaB-

jbHBaTii, jkojikko hm je jeflHHa CBpxa aonyHCKO KapaKTepHcaite jeaHH>eH>a. Y HacjiOBy

pafla Tpe6a aa 6yay HcniicaHa nyHa nxeHa h cpeaibe cjiobo ayTopa, a HacnoB aKo je

HK3KO Moryhe hc Tpe6aaa caap>KH CHMoojie h (popiwyjie.

riocne cpncKoxpBaTCKor TCKCTa craBJba ce nyH Ha3uB HHcnrryuHje y Kojoj je

pafl yparjeH, Ha cpncKOxpBaTCKOM, a nocjie crpaHOr TeKCTa, Ha oaroBapajvheM crrpa-

hom je3HKy.

M3BOfl Ha crpaHOM je3HKy Mopa aa HMa npene.ien Hacjioo pa ui h uyna Hwena

ayTopa, h Ha Kpajy Ha3HB HHCTHTyuHje; iicro Ba>KH h 3a hsboa Ha nauie.M je3iiKy,

Koju cTojii y3 paa niican Ha cnpaHOM je3HKy.

UejiOKynaH tckct y uia6.iuya.tia h .teieudaMa y3 cjihkc Tpe6a ceiw Ha cpncKO-

xpBaTCKOM je3HKy flam y noTnyHOCTii 11 Ha ohom crpaHOM je3HKy Ha KO.\ie je aaT h3bo.t.

Ta6jiHue ooane3iio Tpeoa aa HMajy HacjioB, a Hy.Mepmuy ce phmckhm SpojeniiMa.

CjiHKe ce HyMepmuy apancKHM 6pojeBHAia. Ilpi!i<a3iiuaibe hcthx pe3yjrraTa y Ta6jm-

ua.ua h AHjarpaMHMa y Haqejiy HHje ao3BOJbeHO.

UpUteOKU U CAUKC LlpTOKH MOpajy 6HTH na>KJbHBO H3par/CHH OJIOBKOM Ha 6ejroj

hjih MHJiHMCTapcKoj xaprajn h Tpe6a fla 6yay oko dea uyuta tehu oa KJimuea kojh

Tpe6a aa ce napa.-ji. <X>oTorpa(pnje Tpe6a H36eraBaTH, a vkojiiiko cy neonxoaHe, mo-

pajy 6hth Ha 3aAOBOJbaBajyheM tcxhhiikom HHBoy 3a ropaay Knnniea.

JIuuiepauiypHu uuuxamu Tpe6a aa 6yay npHJio>KeHH noceSHO h HyMepiiamn ohhm

peaoM KojHM ce nojaBJbyjy y TeKcry. HyMepncaH>e y TeKCTy Tpe6a bphihth y hctom

peay ca tckctom apancKHM uiicppa.iia HopiMajiHe BejmmiHe y OKpyrvuiM 3arpaaaMa.

CKpaheHHue 3a wacormce Tpeoa y3HMaTH npeMa Chemical Abstract, 55, lj-397j (1961).

HapoMHTy naH<iby Tpeoa nocBeTHTH HHTepnyHKUHjH. Pbaobh ce unnipajy na cjieaehn

HamiH: Newton, M., Boer, F. and Lipscomb, W., J. Amer. Chem. Soc, 88, 2353 (1966).

KjfcHre ce UHTHpajy Ha cneaehH Ha^mi: Rutgers, A. J., Physical Chemistry, Inter-

science Publ., New York, 1954, dp. 76—81.

3a paaoBe rmcaHe na cpncKoxpnaTCKOM je3HKy pyci<y jurrepaTypy Tpeoa HaBO-

auTH y H3BopHOM oBjiHKy, a aKo je Tei<cr nucaH Ha hckom 3anaffH0M je3HKy .iHTepa-

Typue naBoae Tpe6a TpaHCKpnoonaTH (>i<-zh; x-kh; ii-ts; i-ch; ui-sh; m-shch; M-y;

10-yu; H-yaj 3-e; ii-i).

riourro ce TjiacuHK npeBOflii na eHrjiecKH h H3«aje y H3aaH>y National Science

Foundation, USA, Auiuepaiuypy 3a uipehu upuMepax pyKonuca o6aBe3HO Tpe6a npu-

npeMHTH npeMa noceoHHM ynyTCTBUMa NSF:

a) Hajnpe ce cTaBJba ayTopoBO npe3iiMe, na HHHUHjajiH HMena;

6) ano je peq o ks.h3h ^aje ce nyn HacjroB Kanre, mccto o6jaBjfcHBaH>a, H*ie

H3aaBaMa, roflima o6jaBJbHBaH>a h CTpaHa, CBe 6ei uxaKtux CKpahueaiba ;

s) aKo je pei o uianKy, AarH nyH Ha3HB MJiaHKa h nyH nasHB qaconiica y komc

je M^aHaK oojaBJben, 6ei cxpahueaiba. HaBecTH mecTO H3flaBaft>a ^aconnca, KH»Hry H

6poj nySjuiKauHje, nyHy narimauHjy M.iaHKa h aaTVM o6jaBJbiiBaHia;

r) aKo je to roBop Ha KoHrpecy, nam HacjroB roBopa h HMe KoHrpeca. Ako

cy KOHrpecHii roBopn o6jaBJbeim, flara aaTVM h mccto o6jaBn>HBau>a h HMe HsaaBa^a;

a) aKo je pew o 3aKony, 3BaHH^H0M H3Beurrajy h cji. HaBec™ nyHO HMe b

Mecrro nyOjuiKamije.

H3BOflH paaoBa, caoopaH<enH ycjioBHMa Chemical Abstract-a urraMnajy ce Ha

noce6HHM KapTiiuaMa y npujiory TuacuHKa. CTora ce yMOjtaBajy ayropn aa y3 paa

nocraBe h juicry Ba>KHHjHX nojMOBa Kojn KapaKTepmuy aonpHHOc paaa Te 3acjiy>Kyjy

aa no H>HMa paa 6yae CBpcTaH y Chemical Abstract-y Subject Index-y, imp.: KaTa-

JiH3a, eH3HMCKe pearauije, xcmiih, HHaoa, xeMoraoSHH, oKcnaauHja.
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SPECTROPHOTOMETRIC INVESTIGATIONS OF THE COPPER-

-HYDROQUINONE COMPLEX IN ACIDIC MEDIUM

by

DRAGAN S. VESELINOVld and GABER EL INANY

The oxidation of hydroquinone by cupric ions has been discussed in

the literature*1 "•>, but only a few of these discussions (5> 6> provide informa

tion on the formation of complexes of this ion with the reagent. Except

for results which indicate the presence of these complexes, no data on their

composition and stability are given. The purpose of this report is to present

experimental data on the formation of copper complexes with hydroquinone.

EXPERIMENTAL

The light-absorption measurements were made with a Unicam SP 600

spectrophotometer using 1-cm glass cells. A Beckman model H-2 pH-meter

was used for pH measurements. Dilute sulfuric acid and sodium hydroxide

were used for adjustment of the pH. Standard solutions of copper sulfate,

p.a., standardized electrogravimetrically, and freshly prepared solutions of

p.a. hydroquinone (Merck) were used.

RESULTS

Absorption spectra of the complexes. — The absorption spectra of the

complexes were investigated in unbuffered solutions as functions of pH.

The solution used was 5-10-4 M in copper sulfate and 1 • 10_1 M in hydro

quinone. The results definitely show complexing of copper with hydroqui

none, which is indicated by the shift of the spectrophotogram maximum

as shown in Fig. 1 . The cupric ion (Cu (H20)4)++ gives an absorption maxi

mum at a wavelength of 800 nm (Fig. 1 a, curve 7). After addition of hydro

quinone, this maximum shifts to a lower wavelength with maximum absor-

bance at 600 nm. However, this new maximum certainly does not belong to

hydroquinone, as its maxima for the unionized, singly ionized and doubly

ionized forms are at 288, 307, and 319 nm, respectively<?>. Therefore the

shift in the absorption maximum may be attributed to a new ligand field

environment produced by replacing water ligands with hydroquinone. The

plot of absorbance vs. pH illustrates that the absorption is significantly

diminished in acidic solution and increases slowly with pH up to 4.5,

5



6

when it begins to increase rapidly (Fig. 1, curve b). At a pH of about 7 the

complex is precipitated*.

 

Fig. J.

(a) The influence of pH on the spectrophotogram of the copper-hydroquinone system

in a solution containing 0.0004 M CuS04 and 0. 1 M HjQ. (b) Dependence of absorbance

on the pH of the solution.

Composition of the complex. The ratio of copper to hydroquinone in the

complex was determined by applying the method of Job'8- 9), extended by

Vosburgh et alSw< n). Solutions of the complex were obtained by mixing

X ml of the hydroquinone solution (0.0486 M) with (10 — X) ml of copper

sulfate solution of the same molarity. The absorbance was taken after 1.5

hours, the favorable time from a time-absorbance curve, at 380, 390, 410,

and 540 nm. From the plot of absorbance against volume of hydroquinone

solution, Fig. 2, it is evident that the ratio of copper to hydroquinone in

the complex is 1:1. The curve has a broad maximum which shows that the

complex is highly dissociated. On the basis of the change of the absorption

spectra with pH we find that the formula of the complex is (CuHQ)+, i.e.,

the ion HQ" takes part in the formation of the complex (HQ~ — univalent

ion of hydroquinone).

Stability constant. — The composition and stability constant of the com

plex were determined by Nach's(12) spectrophotometric method, in the re

gion of overlapping of the spectrophotograms of the uncomplexed metal

ion and the complex (Fig. 1.), using the equation

Y=X (K—a)—K

* Further evidence of this complex will be published elsewhere.
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where Y is the reciprocal of the hydroquinone concentration raised to the

n th power; X is (1 — Z)-1, where Z is the absorbance ratio A/A° (A in pre

sence and A° in absence of hydroquinone) ; a=Kec/e8, where K is the sta

bility constant, and ec and es are the molar extinctions of the complex and

the copper ion, respectively. If we plot Y against X we obtain a straight

line for the value of n which corresponds to the number of ligands in the

complex. From its intercept we can calculate K, and its slope gives (K—a),

from which we can calculate the molar extinction of the complex.

032 r 1

 

—- ml Ht Q

Fig. 2.

Job's method for copper-hydroquinone system.

This equation is applicable to a system in which the reaction occurs

between molecules, which is not the case with our system, in which the reac

tion occurs between ions, as indicated by the change of the spectrophoto-

gram with pH. Therefore we must take into consideration the following

equilibria occurring in the system:

Cu+++HQ-?±(CuHQ)+
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and

H2Q^H++HQ-

Applying the law of mass-action to the second equilibrium, we obtain

Ch+ Chq~

Ch,q

kc =

ClIQ =

kc ChjQ

Ch+

As the dissociation constant of hydroquinone is very small the amount disso

ciated is negligible in comparison with the total amount of hydroquinone

at pH=4.05, so we can take the original concentration of hydroquinone in

stead of its equilibrium concentration. Also Job's curves show that the complex

is highly dissociated and the amount of hydroquinone present in the complex

is small compared with the total amount of hydroquinone. Therefore, accor

ding to the last equation the concentration of hydroquinone ion Cha* can

be calculated from its original concentration knowing the concentration of

H+ ion and the dissociation constant of hydroquinone at each ionic strength

kc, i.e., from the F factor and the original concentration of hydroquinone.

The ionic strength of the solution is taken as the mean value of the ionic

strengths obtained when the total amount of copper is complexed and when

no complexation takes place. The deviation of the ionic strength from this

mean value amounts to 1 0% at the most, due to the formation of the uni

valent complex ion and the equivalent amount of Na+ ions (which replace

the H+ ions liberated from the hydroquinone at constant pH).

The dissociation constant kc at different ionic strengths, calculated

from the thermodynamic constant (k= 10_9 96)(13), are shown in Table I.

Knowing its activity we can calculate the hydrogen ion concentration,

dividing the pH by the activity coefficient of hydrogen ion at each ionic

strength. Thus we can calculate the concentration of hydroquinone ion,

from which we obtain Y, as shown in Table I.

TABLE I

Data for Nach's Method

(1) n=0.08, CCu=0.0225 M,A°,„=0.008, A°tt=0.024, A°M=0.052, pH=4.05, kc= 10-» «8,

F=10-5"

A -X

CH2(J X, nm YF X, nm

590 620 650 590 620 | 650

0.0100 0.058 0.068 0.088 100 0.160 0.546 1.450

0.0200 0.083 0.093 0.113 50 0.106 0.348 0.854

0.0400 0.098 0.108 0.122 25 0.088 0.285 0.740

0.0600 0.110 0.117 0.128 16.7 0.078 0.258 0.704

0.0800 0.121 0.126 0.132 12.5 0.071 0.235 0.648

KF 90 92 97 Mean KF= 93; pK= 7.8
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(2) (i=0.145 CCa=0.0400 M, A?,„=0.021, A.%,^0.052, A°50=0.1 10, pH=4.05, kc= 10~»■»

F=10-6Tt

A -X

X, nm YF X, nm

590 620 650 590 620 650

0.0100 0.097 0.123 0.167 100 0.277 0.735 1.92

0.0200 0.141 0.166 0.200 50 0.175 0.456 1.21

0.0400 0.147 0.168 0.202 25 0.167 0.448 1.19

0.0600 0.153 0.170 0.204 16.7 0.158 0.440 1.16

0.0800 0.160 0.172 0.205 12.5 0.150 0.432 1.17

KF 86 90 85 Mean KF=87; pK=7.7

(3) ll=0.22, CCu= 0.0625 M, A|M = 0.038, A°M= 0.083, AS60 = 0.171, pH= 4.05, kc= 10-»-»

A

F=10-5..7

-X

CH,Q X, nm YF X, nm

590 620 650 590 620 650

0.0100 0.106 0.151 0.220 100 0.556 1.41 3.45

0.0200 0.137 0.174 0.243 50 0.383 1.03 2.38

0.0400 0.143 0.179 0.250 25 0.358 0.970 2.17

0.0600 0.152 0.188 0.257 16.7 0.333 0.885 2.00

0.0800 0.160 0.196 0.260 12.5 0.331 0.820 1.92

KF 70 78 78 Mean KF=75; pK= 7.5

The data obtained verify the above hypotheses as shown in Table I,

as the absorbance is increased by only twice or less by increasing the con

centration of hydroquinone eight times. The straight lines in Fig. 3a confirm

the formation of a 1:1 (for n= 1) complex. The values of K at different ionic

strengths can also be calculated from them. Figure 3b shows that for zero

ionic strength pK is 8.0 at room temperature (18—20°C). The observed

scattering of the experimental points shows that this method depends essen

tially on the determination of X which depends on the ratio of A/A°. In

cases of small change of A the error of measurements has a significant effect

on the value of X and on the scattering of the experimental points. At higher

ionic strength and higher wavelengths the relative change of absorbancy

is less than at lower ionic strengths and lower wavelengths. This causes a

higher scattering of experimental points, as in that case the effect of the ex

perimental error will have a greater effect. We find that the scattering of expe

rimental points leads to different values of pK and the mean value is pK=

=8.0.

The slope of the curve of pK against j/u- depends on the type of ions

as shown by the following equation:

log Ka=log K+Az2|/(i
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(Ka — true stability constant, K — concentration stability constant). If the

univalent ion of HQ- is the complexing unit, the slope of pK against will

be —2. In case of complexation with double ionized hydroquinone this

no

1. _ 590 nm

2.. 620 nm

J. - 650 nm

 

-no

Fig. 3.

(a) Nach's method for copper-hydroquinone system at different \x : 0.08—o, 0. 1 4—x, 0.22—o.

F-constant at the corresponding ionic strength (Table I), (b) Dependence of pK

on the ionic strength.
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slope is —4. Complexation with unionized hydroquinone gives a slope of

zero, but the latter this excluded by the spectrophotometric results. The

slope of the curve obtained (Fig. 3b) is —1.54. Hence we can conclude that

our results correspond to the complexation of copper with the singly ionized

hydroquinone, i.e. the formula of the complex is (CuHQ)+.

The molar extinction of the complex, as calculated from the slopes of

the straight lines at a wavelength of 620 nm, is found to be 5.05.

DISCUSSION

The results show that copper forms a complex with hydroquinone in

spite of its catalytic action'1' and oxidizing power<3). There are many such

cases in the literature, e.g. copper is reduced by hydrazine'14' and recently

it has been reported'15' that hydrazine and hydroxylamine form complexes

with copper and their stability constants are given. Also, thiomaleic acid

reduces copper and gives complexes, which is confirmed by polarogra-

phy'161. Similar examples are the formation of complexes of hydroquinone

with the ferric ion'17' and the formation of complexes of resorcinol with

copper when the latter is used as a catalyst in the oxidation of resorcinol

with HaCV18'. The oxidation-reduction potentials of hydroquinone and

cupric ion under the conditions of our experiments are approximately equal.

Complexation of cupric ion makes the oxidation potential less positive and

prevents the reduction of cupric ions.

Comparing our results for the composition and the stability constants

of copper with hydroquinone with those for its complexes with catechol

and (+) catechin it can be seen that the complexes are of similar type.

Catechol forms a 1:1 complex with copper at pH= 5—6, with pK=8.10

as determined by potentiometry and polarography'19'. (+) Catechin also

forms a 1:1 complex with copper, with pK=7.80 at [x=0(-0'. Our results

show that the stability constant of (CuHQ)+ is 8.0 which is similar to the

above values for catechol and (+) catechin. This indicates that the ortho-

and para-positions of OH groups in this type of ligand have no significant

effect on the pK of complexes with copper.

SUMMARY

Evidence of the presence of 1 : 1 complexes of copper and hydroquinone

was obtained from the influence ofpH on the spectrophotogram of the system,

by Job's method and Nach's method. The suggested formula of this com

plex is (CuHQ)+. Its pK is found to be 8.0 at room temperature (18—20 °C)

and ionic strength [i—0, while its molar extinction coefficient is 5.05 at

a =620nm. An insoluble complex is formed in a neutral medium.

Institute of Physical Chemistry,

School of Science, Belgrade University,

and Institute of Chemistry, Technology and

Metallurgy, Belgrade
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ON SURFACE ROUGHNESS AMPLIFICATION IN

DIFFUSION CONTROLLED METAL DEPOSITION

KONSTANTIN I. POPOV and ALEKSANDAR R. DESPIC

Several authors have shown that surface roughness amplification occurs

in metal deposition at high concentration polarization*1 • 2- 3K This effect has

been suggested as the basis of dendritic growth of metallic crystals under

certain conditions of deposition*3*.

Ibl and Schadegg*2' have noted that increased surface roughness raises

the current density limit. They give a qualitative model for this phenomenon.

Diggle et alA3> have derived a quantitative theory according to which this

current increase follows and exponential law:

iL=(iL)o[^l+Aexp^jj (I)

where the time constant is

nFDC°

/•acF )

i„ exp tj

(rt J

"i (nF V

1 — exp 7)

Irt J.

(II)

Since this same time constant also characterizes the increase in sur

face roughness and the growth of dendritic crystals, we considered it of

interest to verify Eqs. (I) and (II) by experiment, that is to test the depen

dence of t on the two basic parameters of mass transfer, the solution ionic

concentration, C°, and the diffusion layer thickness, S0.

Under the complete diffusion control nFDC°/io exp (otcFn/RT)<? S0

and exp (nFn/RT) < 1, so that Eq. (II) reduces to

««- die

MDC°

or

[Al) (IV)

( 0 SI }C° MDC°
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and
 

The experimental system was chosen such that both the initial surface

roughness and diffusion layer thickness were well denned. The cachode

was a phonograph record with 40 u. triangular ridges. It was mounted in

a carrier (Fig. 1) which allowed coating it with a layer of electrolyte harde

 

ns 1.

Cross-section of the electrode

ned with agar-agar and of precisely determined thickness (equal to the

depth of the ring on the lid of the electrode). When this electrode was intro

duced into an intensively stirred solution of the electrolyte, SQ was equal

to the agar layer thickness.

Experiments were conducted wich CuSttj solutions in the concentra

tion range 0.1 to 1 N, with 1 N Na2SC>4 as the carrier electrolyte, and a

diffusion layer thickness varying between 0.75 and 2.0 mm. Deposition

was carried out at electrode potentials of 0.3 and 0.6 V relative to the Cu

electrode in the same solution, and the current flowing through the electro

lytic circuit was measured. In the typical case, first a decrease in the current
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was obtained during the discharge of the diffusion layer, followed by an

exponential increase.

It should be noted that Eq. (I) was derived assuming that the outer

boundary of the diffusion layer moves with increasing deposit thickness.

This was not so in these experiments, as the boundary always remained at

the edge of the electrode ring. It can easily be shown that in this case the

first addend in the brackets in Eq. (I) disappears, and we obtain

logiL=logA+—— t (VI)

2.3 x

From the slope of these curves t values were found. Figures 2 and 3 show t

as a function of 81 in IN CuSC>4+l N Na2S04 at a cathode potential of

 

Fig. 2.

Time constant t of the current density increase as a function of diffusion

layer thickness 8„

—0.600 V, and of 1/C° with S0 1 mm at a cathode potential of —0.300 V.

The partial differentials (IV) and (V) obtained from the slopes are 0.9 -10"

sec cm-2, and 0.2 X 10s mol sec om~3. It may be seen from the equations

that these differentials are well-defined magnitudes, and at M=64; p=8g

cm-3; D=5- 10-6 sec cm-2 the values 5xl07 sec cm-2 or 2.5 xlO5 mol

sec cm3 are obtained. Satisfactorily straight lines on the log i against t plot



16

for all values of C° and So in log and a relatively good agreement between

the experimental values for the slope and the theoretical predictions indi

cate the correctness of the theory.

2004-

 

raof

VcQit/moI)

The time constant t current density increase as a function of the depositing

ion concentration C°

SUMMARY

The dependence of current on time at a constant potential (—0.3 and

—0.6 V vs. reversible potential) sufficiently negative for the resulting current

to cause considerable concentration polarisation, was measured at electrodes

with well defined surface roughness and diffusion layer thickness 80. It was

shown that the current increases with time and that this increase follows

an exponential law predicted by the theory of amplification of surface rough

ness under such conditions. The time constant t was found to be reciprocal

with the concentration C° of the depositing ions and to depend on the square

of the diffusion layer thickness which is in accordance with the theory.
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A MODIFIED SIMPLE SYNTHESIS OF THE LOWER

CRYSTAL PHOSPHONITRILIC CHLORIDES

SLOBODAN D. RADOSAVLJEVlC and JELENA S. SaSIC

Phosphonitrilic chlorides constitute a homologous series of inorganic

polymers of the general formula (PNClaV The monomer and the dimer

have not yet been isolated. The lowest known member is the trimer (PNCla^.

In the pure state> the lower polymers crystallize. When synthesized,

only the trimer and tetramer become crystalline and hereafter the term

crystal fraction will mean only these two members. Polymers with degrees

of polymerization above 7 are a more or less viscous oil, resin, wax, elasto-

plastic (»inorganic rubber«), and finally an inelastic product of high poly

merization.

Several reactions are known whose products include phosphonitrilic

chlorides. However, all previous laboratory syntheses are only rather small

modifications of one and the same reaction, the amonolysis of phosphorus

pentachlorides, with the general formula

nPCls+nNHiCl=(PNCl2)n+4nHCl

It may be seen that the reaction gives a mixture of phosphonitrilic chlori

des of different polymerization. Structurally The best defined are the lower

crystal members, the trimer and the tetramer, so that their synthesis has

received most attention.

In principle, the synthesis can be carried without*1* or with a solvent*2'.

Using a solvent has manifold advantages and this procedure is the only

one in use today. The synthesis of phosphonitrilic chlorides in a solvent

was first performed by Schenk and R6mer<2). They used symmetrical

tetrachloroethane which dissolves phosphorus pentachloride and phospho

nitrilic chlorides but which does not dissolve ammonium chloride.

The synthesis in sym-tetrachloroethane was later thoroughly resear

ched with a view to speeding up the synthesis and obtaining higher yields.

The catalytic effect of quinoline<3) and anhydric halogenides of certain

metals(4) were studied. In this way much better resuhs were achieved;

the duration of synthesis was shortened from 20 to only 3 — 5 h, according

to the patent of N. L. Paddock(4>, the duration depending on whether the

chlorides of aluminum, manganese (II), copper (II), magnesium, tin (IV),

cobalt (II), or titanium were used. Unfortunately, the cited author does not

give the yields of phosphonitrilic chlorides in these cases.

Instead of sym-tetrachloroethane, chlorobenzene can be used as sol

vent. According to the literature'5*, chlorobenzene is much less convenient

2 17
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for this synthesis because it takes 30 h or more to carry out the reaction.

This, of course, reduces the prospects of its application. Nevertheless,

chlorobenzene as a solvent is markedly superior in several ways to sym-tetra-

chloroethane : it is less toxic, has a lower boiling point, is more easily remo

ved from the reaction mixture at the end of the reaction, and also is cheaper.

Since the literature treats much less of the synthesis of phosphonitrilic

chlorides in chlorobenzene than in sym-tetrachloroethane, we decided to

study the former solvent. The influence of quinoline and of another cata

lyst, prepared by heating MgCl2 • 6H2O, changes in the molar ratio of reac-

tants, duration of synthesis, and changes in temperature were studied. The

success of synthesis was evaluated by the yields of trimer and tetramer,

but data on the yields of the oily fraction are also presented to complete

the picture.

EXPERIMENTAL

Phosphonitrilic chlorides were first synthesized in chlorobenzene by

the procedure used when sym-tetrachloroethane is the solvent. The molar

ratio of phosphorus pentachloride to ammonium chloride was 1:1.2, tem

perature 125°— 127°C, synthesis duration 40— 50 h. 50 g phosphorus pen

tachloride, 15.5 g ammonium chloride and 200 ml chlorobenzene were

heated in a flask with a reflux condenser and outlet pipe for the HC1 produced,

and a contact thermometer. After the time stated above the unreacted

ammonium chloride was filtered off and chlorobenzene evaporated under

reduced pressure. Phosphonitrilic chlorides remained in the form of white

crystals (trimer and tetramer) mixed with oil and resin (higher polymers).

Refluxing the mixture in low-boiling petroleum ether for 2 h, the trimer

and tetramer were separated as petroleum ether solution, while higher

polymers remained undissolved.

The catalytic effect of quinoline was investigated, without changing

the molar ratio of raw materials, the amount of solvent or temperature.

The duration of synthesis and the amount of catalyst were varied. The results

are presented in Table I.

The effect of a catalyst obtained by heating MgCl2 • 6H2O at 1 80°C

for 6 h was then investigated. It is known from the literature*6' that MgCl> ■

■ 6H2O at 106°C begins to release HC1, producing magnesium chloride

and magnesium oxide at the same time. Accordingly, in addition to magne

sium chloride we thereby introduced magnesium oxide into the reaction

system, which has not so far been described in the literature.

Phosphorus pentachloride and ammonium chloride were again taken

in the ratio 1:1.2; the temperature and the amount of solvent were also

the same. The catalyst was taken in weight ratios to phosphorus penta

chloride of 1 : 2 1 .7 and 1 : 14.4. The time of synthesis was varied. The re

sults are shown in Table II.

The effect of changing the molar ratio between phosphorus pentachlo

ride and ammonium chloride from 1:1 through 1:1.2 and 1:1.5 to 1:2

was studied on syntheses lasting 8, 10, 13, 15, 17 and 20 h, with quinoline

as catalyst, and lasting 5, 7, 8 and 10 h, with MgCl2 ■ 6H2O (prepared by

heating) as catalyst. The amount of phosphorus pentachloride (50 g) and
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temperature were not varied. The amount of chlorobenzene also remained

unchanged. The results are shown in Tables III and IV, respectively.

The effect of temperature of synthesis was investigated in 3 groups

of experiments. Optimum conditions were determined for molar ratio bet

ween reactants, duration and catalyst; experiments of group 1 were conduc

ted at 120°C, group 2 at 125°-127°C, and group 3 at 130°C. Table V pre

sents the results.

DISCUSSION

The synthesis in chlorobenzene without a catalyst and under condi

tions as described above yielded only about 18% trimer-tetramer mixture

after 20 h, about 21% after 40 h, and about 32% only after 50 h.

TABLE I

Effect of Quinoline as Catalyst

No. time
PC16:C,H,N

molar ratio cryst. fraction

(PNC1S)„

oily fraction

NH4C1

unreacted

(h) (g) 1 (%) (g) 1 (%) (g) 1 (%)

1 50 1 0.324 11.6 41.7 7.9 28.5 4.5 28.0

2 SO 1 0.324 11.1 40.7 8.2 29.5 4.9 31.6

3 40 1 0.324 11.3 40.6 8.4 30.2 4.6 29.7

4 40 1 0.324 12.1 43.5 8.S 30.7 4.9 31.6

5 23 1 0.324 12.8 46.1 8.S 30.7 4.8 31.0

6 20 1 0.324 11.0 39.8 8.2 29.6 4.4 28.4

7 17 1 0.324 11.9 43.0 12.1 43.8 5.3 34.2

8 17 1 0.324 11.6 42.0 12.8 46.2 5.5 35.5

9 15 1 0.324 10.5 37.9 15.8 57.0 S.8 38.8

10 15 1 0.324 7.0 25.3 15.8 57.0 6.7 43.3

11 13 1 0.324 3.6 13.0 20.7 75.0 7.6 49.0

12 13 1 0.324 2.4 8.7 21.5 77.9 7.9 51.0

13 10 1 0.324 0.3 1.08 18.5 66.9 12.4 80.0

14 10 1 0.324 0.2 0.72 17.3 62.2 12.4 80.0

IS 20 1 0.485 10.9 39.2 9.1 32.7 4.6 29.7

16 20 1 0.485 11.9 42.1 8.7 31.3 4.9 31.6

17 10 1 0.485 3.9 14.1 15.9 57.2 11.9 76.9

18 10 1 0.485 2.8 10.2 16.3 58.6 12.7 82.0

In all these experiments the amount of PC15 was 50 g, of NH4C1 15.5 g and of

C,H5C1 as solvent 200 ml.

Table I shows the results of syntheses catalyzed by quinoline. Compa

ring data from experiments 1—6 reveals that extending the synthesis time

to more than 20 h did not increase the yield of either the crystalline or the

2*
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oily fraction, nor did it reduce the amount of unreacted ammonium chlo

ride. Cutting the time of synthesis to 1 7 h had practically no effect on the

crystal fraction, but increases the oily fraction. With further reduction to

1 5 h the yield of trimer and tetramer mixture begins to decrease appreci

ably, while that of the oily fraction continues to increase. Reducing the

time of synthesis still further, to 1 3 or 1 0 h, gave unsatisfactory results for

the crystal fraction. The oily fraction from 1 3 h synthesis was even higher

than that from the preceding experiment, and began to decrease only at

synthesis for 10 h; the amount of unreacted ammonium chloride uniformly

decreases from the 10 h to the 20 h synthesis. The yield of oily fraction

(maximum at 1 3 h and steadily decreasing as the duration of synthesis was

extended to 20 h), and the parallel decrease in the amount of unreacted

ammonium chloride indirectly support the hypothesis<7, that the basic che

mistry of the synthesis as described above involves reaction of the medium

polymers of phosphonitrilic chlorides and ammonium chloride to yield

the trimer and tetramer.

The influence of the amount of quinoline was investigated by raising

the molar ratio between phosphorus pentachloride and quinoline to 1 : 0.458,

in syntheses lasting 20 and 1 0 h. It was concluded from the practically un

changed amounts of the crystal and oily fractions and unreacted ammo

nium chloride that a higher quinoline ratio was not expedient. From the

results for these tests it may be inferred that quinoline as a catalyst shortens

the time of synthesis from 50 h to 1 7 h.

TABLE II

Effect of Healed MgCl2 ■ 6H20 as Catalyst

No. time
MgClj-6H20

heated cryst. fraction

(PNC12)„

oily fraction

NH,U

unreacted

00 (g) (g) 1 (%) (g) (%) (g) (%)

1 17 2.3 10.9 39.2 8.S 30.6 6.7 43.3

2 17 2.3 10.6 38.1 8.1 29.9 7.6 49.0

3 15 2.3 11.7 42.0 9.1 32.9 7.3 47.1

4 15 2.3 11.1 39.9 8.7 31.3 7.1 45.9

5 10 2.3 10.6 38.1 8.9 32.0 6.9 44.6

6 10 2.3 11.1 39.9 8.5 30.6 7.1 45.9

7 7 2.3 8.9 32.0 7.8 28.1 7.9 51.1

8 7 2.3 8.3 29.9 7.4 26.7 8.4 54.1

9 10 3.45 10.4 37.4 9.1 32.9 7.5 48.4

10 10 3.45 10.9 39.2 8.6 30.9 7.5 48.4

1 1 7 3.45 8.5 30.6 7.5 27.0 8.2 53.0

12 7 3.45 9.0 32.4 7.2 25.9 7.9 51.1

In all these experiments the amount of PCL6 was 50 g, of NH4C1 15.5 g and of

C6H5C1 as solvent 200 ml.

Table II presents the results for syntheses in which the catalyst obta

ined by heating MgCl>2 • 6H?0 was used. The data evidence that shorte
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ning the time of synthesis from 1 7 h to 1 0 h does not adversely affect the

yields of crystal and oily fractions, while shortening to 7 h markedly re

duces these yields. Unreacted ammonium chloride also indicates that opti

mum time of synthesis under the given conditions is 1 0 h. A higher ratio

of catalyst to phosphorus pentachloride (1 : 14.4 weight ratio) did not give

better results, and the further experiments were done with the original

phosphorus pentachloride to catalyst ratio (21.7:1).

The catalyst prepared by heating MgCl2 • 6H2O was found to be much

better than quinoline. It reduced the duration of synthesis to 10 h giving

the same yields as obtained only after 17 h when quinoline was used. It

does not dissolve either in chlorobenzene or in oily phosphonitrilic chlo

rides, and at the end of the synthesis it is simply filtered off together with

the unreacted ammonium chloride.

TABLE III

Influence of molar ratio PCls :NHtCl in a Quinoline Catalyzed Synthesis

No.
PC16:NH,CI

molar ratio
time

crystal fraction

(PNCla)n

oily fraction

(h) (g) 1 (%) (g) (%)

1 1 :1 20 9.9 35.6 14.4 51.9

2 1 :1.2 20 11.9 42.9 8.4 30.2

3 1 :1.5 20 10.9 39.2 10.1 36.3

4 1 :1 17 8.1 29.2 11.2 40.4

5 1 :1.2 17 11.75 42.1 12.45 44.6

6 1 1.5 17 12.6 45.5 8.8 36.1

7 I :1 15 2.8 10.1 20.4 73.2

8 1 1.2 IS 8.6 30.9 15.8 57.0

9 1 l.S 15 11.4 41.1 11.2 40.3

10 1 1.2 13 3.0 10.6 20.0 72.0

11 1 1.5 13 7.9 28.4 9.9 35.6

12 1 1.2 10 0.25 0.9 17.9 64.5

13 1 1.5 10 4.7 16.9 16.7 60.0

14 I 2 10 14.0 50.6 9.65 34.3

IS 1: 2 8 13.7 49.2 6.75 24.4

In all these experiments the molar ratio of PC1S to C,H,N was 1 : 0.324.

Tables III and IV give data on synthesis in which the molar ratio bet

ween phosphorus pentachloride and ammonium chloride was varied, and

in one case quinoline was the catalyst, in the other heated MgCU • 6H2O.

In both batches it is evident that using more ammonium chloride gave

better results. The joint action of the catalyst prepared by heating MgCl? •

■ 6H2O and a high ammonium chloride ratio cut the duration of synthesis

to 8 h (Table IV).



22

TABLE IV

Influence of molar ratio PCls :NHiCl in Synthesis Catalyzed by Heated MgCl2 ■ 6H20

No.
PC15:NH4C1

molar ratio
time

crystal fraction

(PNC12)„

oily fraction

(h) (g) 1 (%) (g) 1 (%)

1 1 1 10 8.3 29.9 9.4 33.8

2 1 1.1 10 10.2 36.6 8.7 31.4

3 1 1.2 10 10.8 38.2 8.7 31.4

4 1 l.S 10 12.8 46.1 8.5 30.6

5 1 2 10 14.1 50.7 8.6 31.0

6 I 1.5 8 14.2 51.1 8.8 31.6

7 1 2 8 14.1 50.7 9.2 33.1

8 1 1.2 7 8.6 31.0 7.6 27.4

9 1 1.5 7 14.2 51.1 9.1 32.8

10 1 2 7 14.8 53.1 6.4 23.2

11 1 2 5 11.7 42.1 7.2 25.8

In all these experiments the ratio by wt of PC15 to heated MgClj-6H20 was 21.7:1.

Apart from the data tabulated, we carried out synthesis in which all

the ammonium chloride, solvent and catalyst were put into the reaction

vessel at the beginning of reaction, while phosphorus pentachloride was

added in 5 equal portions: in the first case at even time intervals (1 h), and

in the second case always after intensive evolution of HC1. In all these tests

the molar ratio between phosphorus pentachloride and ammonium chloride

was 1:1, the weight ratio between the MgCl2 • 6H2O catalyst and phospho

rus pentachloride 1:21.7, temperature 125° — 127°C, and the time of syn

thesis 7 h. By this procedure we obtained 59% crystal and 23% oily fraction.

TABLE V

Influence of Temperature of Synthesis

I (PNCl2)n

No. time t
crystal fraction oily fraction

(h) (°C) (g) 1 (%) (g) 1 (%)

1 10 120 8.6 31.0 7.1 25.5

: 10 125—7 14.1 50.7 8.6 31.0

3 10 130 14.6 51.9 9.2 33.2

4 7 120 7.5 27.0 7.1 25.5

5 7 125—7 14.8 53.1 6.4 23.2

6 130 15.0 53.9 7.8 28.1

7 5 120 6.3 22.7 7.1 25.6

s 125—7 11.7 42.1 7.2 25.8

•1
5 130 11.7 42.1 5.7 20.6

In all these experiments the amount of PC15 was 50 g, the molar ratio of PCL, to

NH4C1 1 :2, and the ratio by wt of PCU to the catalyst prepared by heating MgClj - 6H0O

21.7:1.
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Table V shows that temperatures below 125°C are not suitable for

the synthesis of phosphonitrilic chlorides.

During these experiments we came to the conclusion that the sepa

ration of higher from lower polymers constitutes a problem in itself. The

method of dissolving higher polymers in glacial benzene does not produce

good results, because even when the procedure is very quick it dissolves

the trimer and the tetramer in amounts which cannot be neglected. Extrac

tion of trimer and tetramer by 2 h refluxing in petroleum ether is efficient,

but it is a separate operation and thus prolongs and complicates the proce

dure of obtaining the lower phosphonitrilic chlorides. We separated the

lower from higher polymers very simply and successfully by evaporating

70—80% (not all) the chlorobenzene after synthesis and filtering off unre

ached ammonium chloride. In this way we obtained a highly concentrated

solution of phosphonitrilic chlorides. After cooling for 5 — 6h, the trimer

and tetramer crystallize almost quantitatively and in very pure form. By

simple filtering we easily separated them from the solution of higher polymers.

Evaporation of the residual chlorobenzene showed that this was both a very

successful and extremely simple method for the separation of the lower

from the higher polymers. In the literature, unfortunately, we did not find

data on the solubility of phosphonitrilic chlorides of different degrees of

polymerization in chlorobenzene, but it can be inferred from this study

that this is a highly selective solvent for the lower and medium phosphoni

trilic chlorides. By this separation procedure obtaining the lower members

is greatly simplified.

SUMMARY

According to data in the literature the synthesis of phosphonitrilic chlo

ride is most successfully conducted by the reaction of phosphorus pentachlo-

ride and ammonium chloride in sum-tetrachloroethane using quinoline or

magnesium chloride as catalyst. The possibility of replacing sym-tetrachlo-

roethane by chlorobenzene is described, but this way of carrying out a syn

thesis is far less convenient. But in the present work it is demonstrated that

by using chlorobenzene as a solvent in the synthesis, a catalyst prepared

by heating MgCU ■ 6H2O for 6 hours at 1 06°C and the appropriate reagent

mole ratio, results can be obtained which are as good as these from synthe

ses where s'm-tetrachloroethane has been used as a solvent. Where sym-

-tetrachloroethane is used, the separation of crystals from oily fractions

constitutes a special problem, while using chlorobenzene for synthesis the

problem does not even arise, since we have confirmed that the oily polymers

are far more soluble in it than is the crystal fraction.

School of Technology, Received 29 May 1970

Belgrade University

and

Institute for Chemistry,

Technology and Metallurgy,

Belgrade



24

REFERENCES

1. Stokes, H. N. — Chan. Zentralblatt. 13, 1898.

2. Schenk, R. and G. Romer. — Ber. 57 B: 1343, 1924.

3. Teja, J. D. and R. A. Peters. — Chem. Zentralblatt 14205, 1958.

4. Lovelace, N. T. and H. T. Searle. — DBP 1085508, 1959.

5. Paddock, N. L. and H. T. Searle. Advances in Inorganic Chemistry and Radiochemistry

— New York, 1959, p. 347.

6. Mellor, J. W. A Comprehensive Treatise on Inorganic and Theoretical Chemistry IV

— London—New York—Toronto: Longman, Green and Co., p. 303.

7. Lund, L. G., N. L. Paddock, et al. — Journal of the Chemical Society 2542, 1960.



GLASNIK HEMIJSKOG DRUSTVA, Vol. 36, No. 5-6, 1971, pp. 189-191

GHDB-144 542.48: 547.24r239.2'222: 541.7

Original Scientific Paper

SEPARATION OF THE PHOSPHONITRILIC CHLORIDE

TRIMER FROM THE TETRAMER

SLOBODAN D. RADOSAVLJEVIC and JELENA S. SASlC

A synthesis of phosphonitrilic chlorides yields a mixture of polymers

of different degrees of polymerization. The lowest obtainable members

of the homologous series, the trimer and tetramer, from a crystal fraction

at room temperature. This fraction is successfully separated in pure state

from the medium and higher polymers(1). The literature gives several met

hods, more or less effective, for the separation trimer and tetramer in a

mixture: fractional vacuum distillation <2>, successive fractional crystalliza

tion from glacial acetic acid(3>, or, in case the pure trimer is desired and

the tetramer is discarded, steam distillation at atmospheric pressure*3'.

In the last case, it is asserted that the trimer distills over with the water

vapor, while the tetramer remains in the aqueous solution, hydrolyzed as

metaphosphinic acid. Since we have found experimentally that the separa

tions by means of fractional distillation and fractional crystallization are

not without shortcomings, we concentrated on steam distillation.

EXPERIMENTAL

A mixture of trimer and tetramer, which must not contain any of the

medium or higher polymers, was steam distilled at atmospheric pressure.

Quantitative analysis was performed and the melting point determined

for the fraction which distilled over with water and for that which remained

in the distillation flask. To examine the long-term effect of water on the

pure tetramer under the conditions as in separation of trimer from a trimer-

-tetramer mixture by steam distillation we refluxed a water suspension of

pure tetramer (10 g tetramer in 100 ml water) for 1, 3, 5, 10, 20 and 40 h.

After refluxing, a quantitative analysis was performed and the melting point

determined for the residue. Evaporation of the filtrate to dryness produced

an appreciable amount of precipitate only in tests with refluxing for 40 h.

This precipitate was only partially analyzed; phosphorus and chlorine were

determined quantitatively.

DISCUSSION

Steam distillation from a trimer-tetramer mixture yielded relatively

pure trimer. Its melting point was around 1 123C; in pure form it melts at

1 14°C. Repeated distillation produced the trimer in a still purer state (m.p.

about 1I3.5°C). According to the literature'41, the tetrametaphosphimic

acid resulting from the hydrolysis of phosphonitrilic chloride tetramer rema

ins in the flask. A quantitative analysis of this precipitate showed that it

contained: 26.62% phosphorus, 11.9% nitrogen and 60.8% chlorine, which

25



26

corresponds to the phosphonitrilic chloride in which not even partial substi

tution of hydroxyl group for chlorine has taken place (theoretically, phos

phonitrilic chlorides contain 26.72% phosphorus, 12.06% nitrogen and

61.21% chlorine). This compound melts at 122.5° — 123. 5°C, whereas the

pure tetramer melts at 124°C. The sum of the weights of the crystals left

in the flask and the double distilled trimer nearly equalled the weight of the

initial trimer-tetramer mixture. After the filtrate from the distillation flask

was evaporated to dryness, no precipitate remained. From these facts we

concluded that separation of the trimer-tetramer mixture by steam distilla

tion of the trimer does not hydrolyze either the trimer or the tetramer, and

that both are obtained in a very pure state. Accordingly, this procedure

is a simple and efficient method of separating the trimer and the tetramer,

and not just for obtaining pure trimer from the trimer-tetramer mixture.

Boiling a water suspension of tetramer yielded 98.8% unreacted tet

ramer after 1 h refluxing, 97.8% after 3 h, 97.2% after 6 h, 92% after 10 h,

and 71.8% after 40 h. These facts suggest that the tetramer is also stable

against hydrolysis, but not so much as the trimer. When the filtrates from

these tests were concentrated by evaporation and the obtained liquid left

to stand for 5—6 h, only turbidity appeared in the experiments where boiling

lasted 10—20 h, and when boiling had lasted 40 h, colorless platelike crys

tals which proved to be highly hygroscopic. After vacuum drying for 20 h

(50 mm Hg) at 105°C over phosphorus pentoxide there were no losses in

weight. In this state of the compound, its phosphorus and chlorine were

found to be 24.8—25.3% and 41.8%, respectively. These values correspond

only to the compound P4N4 (OH)?Cl6-4 H2O, which is a product of incom

plete hydrolysis of the tetramer. This substance melts within the range of

165°— 180°C, depending on the duration of drying.

SUMMARY

The steam distillation of the trimer while the tetramer hydrolizes is

given in the literature as one of the methods of obtaining pure phosphornitri-

lic chloride trimer from the trimer-tetramer mixture. The present work,

however, shows that although the trimer does distill with water vapor and is

obtained in pure form, the tetramer undergoes no reaction with water during

distillation and is therefore obtained in a very pure state itself. The tetramer

is further exposed to water action at boiling point under atmospheric pressure.

In this way it was concluded that only after boiling for twenty hours was the

tetramer hydrolized at all and even then to a minute degree. It therefore ap

pears that no more than a partial hydrolized product was obtained.
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Chlorosilanes can react with organic compounds which contain active

hydrogen in alcohol, phenol or carboxyl functional groups. These reactions

begin with nucleophilic attack of oxygen atoms on silicon atoms, and lead

to the elimination of hydrogen chloride. As a result, alkoxy-, aryloxy-, and

acyloxy-derivatives of silicon are formed. Condensations of this kind are

usually performed in the liquid phase, possibly with the addition of solvents,

whose function is most often to make and keep the reaction mixture homo

geneous.

The structure of the products of condensation of chlorosilane with

alcohols, phenols and carbonic acids depends in the first place on the functio

nality of the monomer. The reaction of monofunctional chlorosilanes with

mono- and polycarbonic acids yields nonpolymeric esters. Nonpolymeric

esters are also formed when monocarbonic acids reacting with mono- and

multifunctional chlorosilanes. The literature gives descriptions of the syn

thesis and properties of a fairly large number of nonpolymeric esters as

well-defined compounds'1'.

On the other hand, reactions of multifunctional chlorosilanes with

polybasic acids ought to yield polymeric esters, which, in case of difunctional

monomers, would be expected to have chain or ring structure, or, in case of

derivatives of Afunctional monomers, to have a branched or even network

structure. The literature gives only limited data on polycondensation reac

tions of this kind. It is mentioned that reactions of dimethyldichlorosilane

with fumaric, sebacic, terephthalic, lactic and tartaric acids create polymeric

esters, but this conclusion is based only on determination ofthe silicon con

tent and acid residues in the products of reaction, without determination

of the content and kind of terminal groups, and, except for one case, without

molecular weight, which is decisive for the conclusions about the size and

structure of molecules'2'.

Thus several questions remain unanswered as regards the influence

of the kind and ratio of monomers and of the degree of reaction on the struc

ture and size of the polymer molecules.

We were particularly interested in whether the polycondensation of

dichlorosilanes and dicarbonic acids could give chain molecules whose length

27
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would be determined by reactant ratios and completeness of the reaction,

or whether it formed ring molecules (frequent in the chemistry of silicon),

possibly with specific regularities in polymer growth. In previous papers

it was shown that the nearness of the carboxyl groups in oxalic and in ortho-

-phthalic acids led to the synthesis of nonpolymeric esters in condensation

with dimethyldichlorosilane'3*. This was why for the present study on poly-

condensation of dimethyldichlorosilane we chose adipic acid, which is un

likely to form a monomeric ester, but which is likely to form polymeric

esters built around OCO (CH2)4 COOSi (CH3)2 and with the terminal

groups COOH and Si (CH3)2 CI.

On the other hand there is little data on the thermal stability of acy~

loxysilanes, particularly of polymeric esters of this kind. It is reported only

that silicon tetrapropionate decomposes at above I40°C, forming hexapro-

pionoxydisiloxane and propionic acid anhydrides('1,. The question remains

as to the measure in which this reaction holds generally for all acyloxysilanes,

i.e. for the derivatives of other mono- and polycarbonic acids. In this regard

our intention was to investigate whether a reaction of this type occurs with

the products of condensation of dimethyldichlorosilane with adipic acid.

Also, by analogy with polymeric aryloxysilanes, it was expected that the

terminal dimethylchlorosilyl groups would take part in reactions of thermal

rearrangement, leading both to an increased degree of polycondensation

and to the separation of dimethyldichlorosilane*5'.

EXPERIMENTAL

Condensation reactions between dimethyldichlorosilane and adipic

acid were conducted in a round-bottomed flask with a reflux condenser,

protected against atmospheric moisture. Both reactants were put into the

flask at the same time, and the mixture was heated to reflux. The reac

tion was continued until the evolution hydrogen chloride had practically

ceased usually after 50 h. At the beginning of the reaction the mixture was

composed of the liquid phase and adipic acid crystals, while at the end it

was homogeneous at reflux temperature. During cooling, a solid phase

again precipitated in some cases. If there was a solid phase present after

the end of the reaction it was filtered off and the liquid phase was vacuum

distilled at room temperature to remove unreacted dimethyldichlorosilane.

All operations were carried out under protection from atmospheric

moisture.

In all cases the separated solid phase was found to represent unreacted

adipic acid.

The liquid phase, in fact a reaction product, was analyzed as it was,

since decomposition occurred when vacuum distillation was attempted.

Silicon content was determined by breaking down the sample with

concentrated sulphuric acid and measuring residual silicon dioxide. After

the sample was hydrolyzed in a mixture of dimethyl glycol and water, chlo

rine content was determined after Volhard, and adipic acid content by titra

ting with a 0.1 N sodium hydroxide solution, using phenolphthalein as

indicator.
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Table I shows the composition of reaction mixtures and products.

TABLE I

Data on Polycondensation Reactions of Dimethyldichlorosilane with Adipic Acid

Composition of the reaction mixture Composition of the reaction products

No.
dimethyldi

chlorosilane

(mole)

adipic

acid

(mole)

molar ratio

dimethyldi

chlorosilane :

adipic adic

%Si %C1
%OCO

(CH,)4COO

I 1.50 0.685 2.2:1 14.98 13.48 57.31

n 1.70 0.685 2.5:1 14.94 13.60 57.10

in 1.87 0.685 2.7:1 14.90 12.70 57.10

IV 2.04 0.685 3:1 14.94 13.50 57.31

V 2.38 0.685 3.5:1 14.94 13.72 52.83

For the product of synthesis V (Table I), the ^-NMR spectrum was

also recorded. The spectrum contains signals which correspond to the pro

tons of dimethylsilyl groups bound between residues of adipic acid, and

of dimethylchlorosilyl groups bound at chain ends, and also two signals

due to the protons in adipic acid residue. The relation between signal areas

of protons in all dimethylsilyl groups and those of protons in adipic acid

amounts to 1.11. The same product was found to contain 39.27% carbon

and 6.42% hydrogen.

Thermal stability of condensation products was tested in ampoules

with a side arm for catching distillates joined on the top. After filling, the

ampoules were successively evacuated and filled with nitrogen, and finally

evacuated and sealed. They were placed in an oil bath with only the part

containing the sample heated, while the side arm remained at room tempe

rature. Heating was performed at 130°-140°C for 100-150 h. Separa

tion of distillates was relatively quick at first, then slowing down, and prac

tically ceased at the end. The residual product was still liquid but much

more viscous.

In all cases, the distillate was found to represent dimethyldichloro

silane.

The residue was analyzed for silicon and chlorine and adipic acid resi

due. The results of these analyses for the products obtained from the ther

mal rearrangement experiments are given in Table II.

TABLE II

Analysis of Nonvolatile Products of Thermal Rearrangement

Composition of thermal rearrangement residue

No.
%Si %ci

■^OCCKCHj^COO

I 14.60 7.05 63.01

II 14.49 6.94 64.47

III 14.27 6.62 63.25

IV 14.65 6.38 63.47
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For the residue obtained in test IV (Table II), a 'H-NMR spectrum

was recorded. It was similar to the corresponding spectrum of the initial

ester, only a signal appeared which could be attributed to siloxane bonds.

The relation between the area of proton signals in dimethylsilyl groups

and in adipic acid residues was 1.068. It was determined that the residue

contained 42.07% carbon and 6.91% hydrogen.

DISCUSSION

Because of the excess of dimethyldichlorosilane after complete reac

tion only molecules with dimethylchlorosilyl groups on both ends are expec

ted:

(n+ 1) (CH3)2SiCl2+n HOOC (CH2)4COOH->

-+ClSi (CH3)2 [OCO (CH2)4 COOSi (CH3)2]n Cl+2n HC1

However, when the reaction of adipic acid is incomplete there must

be some molecules with dissimilar terminal groups:

(n+ 1) (CH3)2SiCl2+(n+ 1) HOOC (CH2)4COOH->

->ClSi (CH3)2 [OCO (CH2)4 COOSi (CHs)2]n OCO (CH2)4COOH

+(2n+l)HCl

together with still fewer molecules with adipic acid monoesters on both

endings :

n (CH3)2 SiCl2+(n+ 1) HOOC (CH2)4 COOH—

-►H [OCO (CH2)4 COOSi (CH3)2]„ OCO (CH2)4 COOH+2nHCl

Hence we hypothesized that the formula describing the products of

condensation of adipic acid with excess dimethyldichlorosilane could be

CISi (CH3)2 [OCO(CH2)4 COOSi (CH3)2]n [OCO(CH2)4COOH]ra Cli_m

where m takes values between 0 and 1. In other words the molecules of

condensation products contain different numbers of basic modules compo

sed of the residues of adipic acid and dimethylsilyl groups, while at the ends

of chain molecules there are dimethylchlorosilyl groups, or, less often, adi

pic acid residues with one free carboxyl group.

n and m were calculated from the elementary and functional com

position of the product determined by chemical analysis, taking the number

of silicon atoms as n+l, the number of chlorine atoms as 2-m, and the

number of adipic acid residues as n+m. The result obtained for the pro

ducts of syntheses I — IV (Table I), of similar composition, is as follows:

CISi (CH3)2 [OCO (CH2)4COOSi (CH3)2]i.2i [OCO (CH2)4 COOH]0.44 Clo.se

%Si %C1 %OCO(CH2)4COO

Found (mean value) 14.94 13.32 57.21

Calculated 14.71 13.11 56.33
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In a similar way n and m for the product of synthesis V (Table I) were

determined:

CISi (CH3)2 [OCO (CH2)4 COOSi (CH3)2]i.40 [OCO (CH2)4 COOH]0.25 Clo.75

%Si %C1 %OCO(CH04COO %C %H

Found 14.94 13.72 52.83 39.27 6.42

Calculated 15.32 14.06 54.16 40.13 6.40

In addition, for this product the ratio of protons in dimethylsilyl groups

to protons in adipic acid residues was found to be 1.09 according to the

formula above, while according to the NMR spectrum it was 1.11.

The same procedure was applied to ascribe the following formula to

the involatile product of thermal rearrangement in test IV (Table II):

CISi (CHs)2 [OCO (CH2)4 COOSi (CH3)2]4.28 [OCO (CH2)4COOH]0.20 Clo.so

%Si %C1 %OCO(CH2)4COO %C %H

Found 14.65 6.38 63.47 42.07 6.91

Calculated 14.58 6.28 63.37 44.17 6.72

The proton ratio referred to above was 0.88 by this formula, and 1.068

by NMR.

The possibility of assigning a formula of the same type to all three

cases, confirmed by good agreement between the analyzed and calculated

values for silicon, chlorine and adipic acid residue, proves that the oligo-

meric products are actually constructed in the hypothesized way. Somewhat

lower values for carbon are almost inevitable when the elementary analysis

is performed in the standard manner, without special measures otherwise

indispensable for organic silicon compounds.

The mean degree of polycondensation, as the number of residues of

dimethyldichlorosilane and adipic acid in a molecule, for the products of

syntheses I —IV (Table I), according to the corresponding formula, and

the mean molecular weight 422, is 3.86. The product of synthesis V, as is

indicated by a lower adipic acid content, has a somewhat higher degree

of polycondensation, 4.05. The determined composition of the involatile

product of rearrangement, and the fact of separation of dimethyldichloro

silane, suggest that thermal rearrangement involves cleavage and reesta-

blishment of one bond between silicon-chlorine and silicon-adipic acid resi

dues, e.g.:

CISi (CH3)2OCO (CH2)4 COO Si (CH3)2C1

+C1 Si (CH3)2OCO (CH2)iCOOSi (CH3)2C1-

— CISi (CH3)2 [OCO (CH2)4 COOSi (CH3)2]2Cl+(CH3)2SiCl2

Of course, the degree of polycondensation is thereby increased — for

the residue in experiment IV (Table II) up to 9.76, with the corresponding

molecular weight 1.016.
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SUMMARY

Dimethyldichlorosilane reacts with adipic acid at the temperature of

the reaction mixture reflux. When the molar ratio of dimethyldichlorosilane

and adipic acid ranges between 2.2: 1 and 3.5: 1, the result is a mixture of

linear oligomers composed of adipic acid residues and dimethylsilyl groups

with dimethylchlorosilyl and carboxy groups at the chain ends, and an average

polycondensation degree of 3.86 to 4.05.

The polycondensation products succumb to a thermal rearrangement

which leads to the formation of the same structure, but of higher molecular

weight, with dimethyldichlorosilane separation, thus being a particular form

of polycondensation. The thermal rearrangement products attain a poly

condensation grade of 9.76.
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A STUDY OF CONDITIONS FOR CONDUCTOMETRIC

TITRATION OF BASES IN ACETIC ACID

by

VILIM J. VAJGAND and TIBOR J. PASTOR

Only a few data regarding conductometric titrations of weak bases and

their mixtures in glacial acetic acid with perchloric acid can be found in

the literature*1 • 2>.

We showed in a previous paper*3' that better results are obtained by

the back-titration method than by the direct titration of bases. Titrations

were performed in a mixture of acetic acid and acetic anhydride (5:1). Either

platinum or antimony electrodes were used with equally good results.

However, since no detailed study of conditions for conductometric

titration of very weak bases in acetic acid has been carried out in any pre

vious works, we wanted to find the factors influencing the accuracy of de

termination. With that aim we have studied the influence of the solvent,

titrating agent and other factors on the shape of the titration curves and the

accuracy of the results.

EXPERIMENTAL

An approximately 0. 1 N solution was prepared by dissolving the appropriate amount

of p-toluenesulfonic acid ("VEB, Berlin") in glacial acetic acid. The solution was stan

dardized against a standard sodium acetate solution. Preparation of a 0.1 N solution of

perchloric acid and the methods for purification of acetic acid and amines have been

described in a previous paper*4'.

In the displacement titrations of weak bases, trichloracetic acid produced by "Sche-

ring A. G. Berlin" was used.

We modified the apparatus described previously*3' inasmuch as in this study we

used platinum electrodes of surface area 0.3 cm2 1.5 cm apart.

RESULTS AND DISCUSSION

In the presence of acetic anhydride (e=20.7) the conductivity of solu

tions of bases in acetic acid is increased. This enables the determination

of bases by the oscillometric method in mixtures of acetic acid and acetic

anhydride, while in pure acetic acid such determinations are difficult since

the changes in conductivity are too small15'. In order to compare the results

3 33
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obtained by conductometric and oscillometric methods, we first determined

organic bases in a mixture of acetic acid and acetic anhydride (5:1) by direct

titration, inverse titration and back-titration.

Direct conductometric titrations gave higher results than potentiometric

titrations for all the bases titrated. A correlation was observed between the

magnitude of the error and the strength of the base. The positive deviation

of results was up to approximately 1% for strong base. However, when

weak bases, caffeine or aminopyrine for instance, were titrated, the error

was 2—3%. In the presence of acetic anhydride the shapes of the titration

curves are changed and as a consequence the detection of the end-point

is rendered more difficult. This is best seen in Fig. 1, showing titration

curves of sodium acetate in the presence of different amounts af acetic an

hydride.

 

I 2 3 4 ml HCI04

Fig. 1.

Titration curves for conductometric titration of sodium acetate with a 0.1 N solution of

perchloric acid:

1. In pure acetic acid

2. In a mixture of acetic acid and acetic anhydride in the ratio 7:3

3. In a mixture of acetic acid and acetic anhydride in the ratio 5.3:4.7
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TABLE I

Conductometric Titration of Some Bases

Substance

titrated

Takenmg
Potent,

titn.

Found

Direct titration

Conductometric titration

I Inverse titration Back-titration

0/
/o

No.of
titns.

Found

/o

No.ofj

titns. Found

%

No,of
titns. Found

%

Triethylamine 29.4 99.54 5 100.8±0.1* 8 99.5 ±0.4

Tributhylamine 55.6 98.87 4 99.2±0.5 8 99.4 ±0.5

N,N-diethyl-

aniline 42.3 99.56 4 100.3 ±0.2 8 99.7±0.4

Nicotine 25.5 98.64 6 99.1 ±0.4

Promethazine 100.0 98.59 5 98.7±1.0

Caffeine 55.2 99.08 6 98.8±0.3 6 100.3 ±0.2

Novalgin** 56.0 99.69 9 99.5±0.5

Aniline 29.8 98.44 6 98.3±0.1"

Aminopyrine 35.5 99.72 6 102.5+2.0 8 98.9±0.5 5 100.4±1.2

5
99.01 1.0b

Antipyrine 56.9 99.77 8 99.8±0.9* 12 100.1 ±1.5

6 99.3±0.6" 5 98.2±0.1»

6
99.5±0.2C

* Average deviation.

** l-Phenyl-2,3-dimethyl-5-pyrazolone-4-methylamino-methanesulfonate sodium.

Results marked "a" were obtained in pure acetic acid with a 0.1 N solution of perchlo

ric acid, those marked "b", in the same solvent with a 0.1 N solution of p-toluenesulfonic

acid, those marked "c" by the displacement method in the presence of trichloroacetic

acid. The other titrations were performed in a mixture of acetic acid and acetic anhydride

with a 0.1 N solution of perchloric acid.

 

ml HCI04

Curve representing direct conductometric titration of 35.5 mg of aminopyrine in a mixture

of acetic acid and acetic anhydride with a 0. 1 N solution of perchloric acid.

3*
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The shape of the titration curve in these determinations depends on

the strength of the base. Most of the systems analysed (Table I) gave only

one end-point, corresponding either to one or two equivalents of perchloric

acid. The only exceptions were nicotine and aminopyrine, with two inflec

tions in the titration curve (Fig. 2). The first equivalence point on the curve

of nicotine is difficult to detect because the change in the slope is not prono

unced. In case of aminopyrine a difficulty in detecting the first inflection

also arises from the fact that immediately after it the conductivity of the

solution changes with time and one has to wait 2— 3 minutes before a steady

state is reached. The unique behavior of nicotine and aminopyrine as com

pared to other diprotic bases can be explained as a result of the large diffe

rence between the two respective ionization constants in the given medium.

However, no quantitative explanation can be given before the respective

constants in acetic acid are determined.

In order to determine even very weak bases, which cannot be titrated

satisfactorily by the direct method, we applied the inverse titration method.

Zarinskii and Gur'ev(6) observed that when acids were titrated with weak

bases in a mixture of dioxan and water, one obtained better results and

more pronounced changes in the slope of the titration curve at the end-

-point than if a strong base were used as the titrant. As shown in Fig. 3

V 10

 

Fig. 3.

Titration curves for conductometric titration of:

1. 2.70 ml of 0.1 N solution of perchloric acid with a 0.07 N solution of caffeine

2. 3.00 ml of 0.1 N solution of perchloric acid with a 0.1 N solution of sodium acetate

by this method the titration end-point is accurately determined even in

titrations of very weak bases. This is due to the fact that before the equiva

lence point the conductivity decreases rapidly because of a decrease in con
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centration of very mobile hydrogen ions, while after the equivalence point

it remains almost unchanged. By the above method only one inflection is

obtained on the titration curve even if a mixture of bases is used for titra

tion, so that the method cannot be applied for the determination of a number

of bases in the presence of each other. Results of determinations of a few

bases by the method of inverse titration are given in Table I.

The back-titration method, as has already been indicated in a previous

paper*3), can be applied for the determination of weak bases as well. It

was of particular interest, however, to investigate and compare the beha

viour of aminopyrine and novalgin, since both are diprotic bases having

very low second ionization constants and belong to the same class of com

pounds. Back-titration gave titration curves with two inflections (Fig. 4).

 

The decrease in conductivity at the beginning of titration in both systems

is due to a drop in hydrogen ion concentration. The increase of conducti

vity in the secend section of the titration curve corresponds to increasing

concentration of sodium perchlorate in the solution. In this section of the

curve of aminopyrine the weak base is displaced from its salts (formed du

ring the titration) by sodium acetate. If from the total amount of perchloric

acid added one subtracts the amount that reacted with sodium acetate up

till the second inflection, the difference corresponds to only one equivalent

of aminopyrine. This result is in accordance with the above explanation.
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The presence of — SCfeNa group in novalgin makes its behavior even more

complicated. By the direct titration of novalgin in a mixture of acetic acid

and acetic anhydride, 120% of the amount of novalgin taken was found,

calculated on the assumption that novalgin required two equivalents of acid.

In pure acetic acid 97% of the amount taken was found, assuming that

novalgin was a triprotic base. By the back-titration method, however, noval

gin requires two equivalents of perchloric acid up to the second inflection

on the titration curve. From the above data it follows that in the course

of the back-titration of novalgin besides the reactions of the amino groups

the following reactions also take place:

1. R-S03Na+HC104->R-S03H+NaC104

(upon the addition of perchloric acid prior to titration)

2. R-SOaH+CHaCOONa^R-SOaNa+CHaCOOH

(on the segment of the curve between inflections)

Finally, on the third part of the titration curve, in the presence of free sodium

acetate, there is no further change in conductivity.

Determinations of bases by the last method described are given in

Table I and show fairly high accuracy and good reproducibility.

In order to determine the influence of the solvent used on the results,

we performed direct titrations of weak and very weak bases in pure glacial

acetic acid. In the course of those determinations it was found, contrary to

the results obtained in mixtures of acetic acid and acetic anhydride, that

in the titration of very weak bases the end-point occurs too early. While

with aniline, for instance, good results were obtained, the results for caffeine

varied between 95 and 100%, and in a series of five titrations of aminopyrine

the mean value was 9 1 % of the amount taken. Such results can be explained

by the presence of water in glacial acetic acid, which agrees with the obser

vations of Conseiller and Courteix<7> who found that oscillometric titra

tions of caffeine in the presence of only 1 % water yielded results lower by

20%. This effect of water on conductometric determinations is very interes

ting, as in the presence of water potenciometric titrations of bases in glacial

acetic acid are too high(8). Results of titrations of sodium acetate in the pre

sence of various amounts of water performed in our laboratory are in accor

dance with the results of Zarinskii and Gur'ev<9>. These authors found by

the oscillometric method that the presence of water up to 6% does not

appreciably affect the shape of the titration curves of strong bases.

For successfull direct titration of weak bases in glacial acetic acid, we

modified the conditions of determination in two ways: (1) Prior to titra

tion, a definite amount of trichloroacetic acid was added to the solution

of bases, and (2) a 0. 1 N solution of p-toluenesulfonic acid was used as tifrant

instead of perchloric acid. Even though these modifications did not provide

a generally applicable method, with some bases very good results were

obtained. When antipyrine, for instance, was titrated in the presence of

trichloroacetic acid (pKa= 11.46 in acetic acid (10)), a markedly sharper
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end-point was obtained (Fig. 5) and, accordingly, the results were better

than in pure acetic acid (Table I). This method is based on the fact that

the (trichloroacetic acid) added weak acid transforms the base into its salt:

B +CCI3COOH- CCI3COOH.B,

 

1 , , , , , »

I 2 3 4 5 ml HCI04

Fig. 5.

Titration curves for conductometric titration of 57.7 mg of antipyrine by the displa

cement method in acetic acid in the presence of the following amounts of trichloroace

tic acid: (1) 0.1 g, (2) 1.0 g, (3) 2.7 g and (4) 5.0 g

which is then titrated with a strong acid by the displacement method. The

change of conductivity is only slight before the equivalence point is reached

(salt line), while after it there is a sudden change. The displacement method

has been successfully applied by McCurdy and Galt<U) for titrations of

bases in 1,4-dioxan in the presence of formic acid, and also by Gaslini and

Nahum(12) who titrated bases having ionization constants in water as low

as 10-8— 10-12. The latter authors performed the titrations in a dilute

aqueous solution of acetic acid with trichloroacetic acid as titrant.

The shape of the titration curve obtained in determination of bases

with p-toluenesulfonic acid depends on the strength of the base titrated

(Fig. 6). In titrations of strong bases the conductivity decreases before the

equivalence point, and rises slowly after it. When weak bases are titrated,

the conductivity increases up to the equivalence point and remains almost

constant after it. Titration curves of very weak bases (caffeine) show a steady
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increase in conductivity so that the titration end-point cannot be evaluated.

Hence the second equivalence point for aminopyrine could not be deter

mined in this way. Results obtained for antipyrine and aminopyrine are given

in Table I.

 

Fig. 6.

Titration curves for conductometric titration of:

1. 56.9 mg of antipyrine

2. 36.5 mg of aminopyrine

3. 56.5 mg of caffeine, in pure acetic acid with a 0.1 N solution of p-toluenesulfonic acid

DETERMINATION OF BASES IN THE PRESENCE OF EACH

OTHER

Performing conductometric titrations of two-component mixtures of

amines and of diprotic bases, Van Meurs and Dahmen (13) found that as

the solvating power of the solvent used decreases, the possibility of deter

mining both equivalence points increases. It seemed of interest to find out

which of the methods described above could be used for titrations of mixtures.

The results given in the first part of this paper show that direct titration

and back-titration can be applied for such determinations. Direct titration

is expected to give better results with complex systems. The presence of

trichloroacetic acid is of no advantage in such titrations because it dimi

nishes the change in slope of the titration curves after the end-points of

individual components, thus rendering the evaluation of the end-points

more difficult. The strength of the titrant also has a considerable influence

on the shape of the curve and, consequently, on the accuracy of the

results. This is well illustrated in Fig. 7 for mixtures of triethylamine

and antipyrine, were p-toluenesulfonic acid yields a much more pronoun

ced inflection on the titration curve and better results than perchloric acid.
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On the other hand, mixtures of triethylamine and aniline can only be

successfully titrated with perchloric acid. All the results obtained show

that when choosing acids to be used in conductometric titrations of mixtures

of bases, the relative strength of the bases in acetic acid has to be taken

into account. This is a rather difficult task because the literature does not

provide adequate quantitative data regarding the strength of acids and

bases in this solvent.

x

 

Fig. 7.

Titration curves for conductometric titration of mixtures of 31.5 mg of triethylamine

and 56.9 mg antipyrine in pure acetic acid with:

1. a 0.1 N solution of p-toluenesulfonic acid

2. a 0.1 N solution of perchloric acid

SUMMARY

Conductometric determination of amines in acetic acid and in a mixture

of acetic acid and acetic anhydride has been performed by the direct titration,

inverse titration and back-titration methods.

Direct titrations in a mixture of glacial acetic acid and acetic anhydride

gave higher results than those obtained potentiometrically. As the strength

of the bases titrated decreases, the errors increase. On the other hand, the

end-point in titrations of very weak bases in pure acetic acid occurs before

the equivalence point. The addition of a weak acid, trichloroacetic acid

for instance, to the solution of a weak base prior to titration improves the

results. This is illustrated by the titration of antipyrine. In titration of some

weak bases, p-toluenesulfonic ccid yields better results as the titrant than

perchloric acid.
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Inverse titrations in a mixture of acetic acid and acetic anhydride yielded

satisfactory results with all the bases investigated, while in pure acetic acid

the results obtained for some weak amines were too low.

Back-titration in a mixture of acetic acid and acetic anhydride gave

good results for weak bases as well. The shapes of the titration curves of

aminopyrine and novalgin are interesting because displacement of the base

from its salt takes place after the excess of perchloric acid is neutralized.
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EFFECT OF SUCCESSIVE HYPERINSULINEMIA ON

THE LEVEL OF PHENOLS IN RABBIT BLOOD

JELENA J. BOJANOVIC, PREDRAG P. MILOSEVIC, and

ANDREJA I. RAZBORSEK

The effect of large amounts of insulin administered to rabbits daily

over a considerable period was studied. Data were obtained on the varia

bility of serum proteins, polypeptides and free a—amino acids, including

both the changes that appear shortly after insulin administration (during

shock) and those after several hours'1, 2). As part of this study we set out

to investigate the delayed effect of large doses of insulin injected daily over

a period of 24 days on the blood phenol level in rabbits. We considered

that this study could help elucidate changes in metabolic relationships esta

blished after a long application of insulin.

MATERIAL AND METHOD

Tests were carried out on 7 male rabbits of 2500— 3000 g (mean value

2757), which received standard laboratory treatment throughout the expe

riment. Over a period of 24 days, the rabbits received intramuscular injections

of 15 units of crystalline insulin per lOOOg body weight every day, except

the days when blood was sampled. Hypoglycemia was countered approxima

tely 90 min later by intramuscular injection of 3 g glycose. In cases of severe

asphyxial convulsions, hypoglycemia was interrupted earlier if necessary

by injecting 1 g glycose into the marginal vein, with subsequent intramuscular

injection of 3 g glycose.

Blood samples for phenol analysis were taken by cardiac puncture,

once before insulin treatment and then 24 h after the 5th, 10th and 20th

application of insulin, and 10 and 15 days after discontinuation of insulin

administration.

Total and free phenols were determined, from which the values for

conjugated phenols were calculated'5'.

RESULTS AND DISCUSSION

The delayed effect, observed 24 h after administration of large amounts

of insulin, was manifested in decreased concentrations of total, free and

bound phenols (Tables I — III). The changes are great and statistically

43
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TABLE I

CONCENTRATION OF FREE PHENOLS IN RABBIT BLOOD

Concentration of free phenols was determined 5, 10 and 20 days after the first insu

lin injection (rows: 5, 10, 20) and 10 and 15 days after the last injection (rows: 30, 35).

The following values are given: range (R), mean value and standard deviation (M±SD),

standard error (SE), coefficient of variation in % (CV), percent increase or decrease

(±%) and the level of significance (p).

R M±SD SE CV ±% P

1.70—1.60 1.65±0.041 0.015 2.48

5 0.51—0.44 0.47 i 0.023 0.008 5.06 —71.5 <0.00I

10 0.44—0.38 0.42±0.030 0.011 7.14 —74.5 <0.001

20 0.44—0.36 0.39 ±0.029 0.011 7.47 —76.3 <0.001

30 1.71—1.60 1.65±0.044 0.016 2.67

35 1.70—1.60 1.66 ±0.037 0.034 2.26

TABLE II

CONCENTRATION OF TOTAL PHENOLS IN RABBIT BLOOD

Concentration of phenols was determined 5, 10 and 20 days after the first insulin

injection (rows: 5, 10, 20) and 10 and 15 days after the last injection (rows: 30, 35). The

following values are given: range (R), mean value and standard deviation (M±SD), stan

dard error (SE), coefficient of variation in % (CV), percent increase or decrease (±%)

and the level of significance (p).

K M±SD SE CV

1.90—1.78 1.83±0.052 0.020 2.89

5 0.62—0.50 0.56±0.043 0.016 7.78

10 0.58—0.48 0.54 ±0.039 0.046 7.32

20 0.55—0.48 0.51 ±0.026 0.010 5.24

30 1.90—1.76 1.83 ±0.047 0.017 2.60

35 1.89—1.78 1.84±0.045 0.017 2.46

—69.4 < 0.001

—69.4 - 0.001

—72.1 <0.001

TABLE III

CONCENTRATION OF CONJUGATED PHENOLS IN RABBIT BLOOD

The concentration of conjugated phenols was found from the concentration of free

and total phenols (Tables I and II). The following values are given: range (R), mean value

and standard deviation (M±SD), standard error (SE), coefficient of variation in % (CV),

percent increase or decrease ( t °o) and level of significance.

R Mj SD SE CV i o-
P

0.23—0.16 0.18 4 0.014 0.005 7.85

It o

5 0.12—0.05 0.09 ±0.024 0.009 27.57 —50 .0.001

10 0.15—0.06 0.11 ±0.030 0.011 27.27 —38.2 < 0.001

20 0.14—0.08 0.11 J 0.025 0.009 23.46 —38.8 -0.001

30 0.21—0.16 0.18J 0.018 0.006 10.13

35 0.21—0.17 0.19±0.014 0.005 8.32
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highly significant relative to the situation before insulin administration

(p<0.001). With the successive doses of constant insulin the level of total

and free phenols constantly decreased; the differences after 10 and 20 days

relative to the situation after 5 days of insulin application are small and

statistically not significant. The drop in the concentration of conjugated

phenols was biggest after 5 days of insulin administration; it was much

less after 10 and 20 days. However, the differences relative to the situation

before insulin administration are great and statistically significant.

After the discontinuation of insulin application the concentrations of

total, free and bound phenols increased, and after 1 5 days regained the values

before insulin treatment.

From in vitro experiments it is considered that the delayed effect of

insulin involves changes induced by the direct action of insulin on processes

in the liver*3, 4K In our tests the low phenol levels in the circulation were

certainly due to accelerated phenol metabolism, and probably to less phenols

being produced by amino acid metabolism in the tissues; this would be

consistent with results on protein metabolism during the delayed effect

of insulin*1- 2).

We presume that the changes in the levels of esterified phenols during

the delayed effect of insulin result from their altered quantitative ratios

rather than from any direct influence on their formation. This hypothesis,

however, needs to be verified by further experiments.

SUMMARY

Contents of total, free and conjugated phenols have been investigated

24 hours after administration of insulin. Insulin was injected daily over

20 days. It has been established that the concentrations of total, free and

bound phenols decrease under given conditions, and their low level is main

tained until the interruption of insulin administration, when the concen

trations attain their normal values again.
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DETERMINATION OF THE WATER CONTENT OF YEAST CELLS

(SACCHAROMYCES CEREVISIAE). 2nd COMMUNICATION*

SLAVKO N. RASAJSKI and JOVAN S. VELlCKOVlC

A previous communication on the determination of water in yeast cells

(Saccharomyces cerevisiae)^ gave a survey of the literature on the deter

mination and distribution of water in pressed yeast cake, and the results

of our investigations concerning the influence of the auxiliary compound

and other experimental conditions on the values obtained for external water

(EW) and distribution of water within the yeast. In these experiments with

water solutions of peptone (PPT), polyvinylpyrrolidone (PVP), polyviny-

lalcohol (PVA), hydrolyzed dextrane (DEX), and some other water soluble

macromolecular substances, it was found that solutions of PVP, PVA and

DEX were more convenient for the determinations than PPT, whose macro-

molecules accumulate in the immediate proximity of the negatively charged

yeast cell walls, because of the presence of ionizing groups, leading to unre-

alistically high values for EW. The calculated values for EW and water

within the cells (CW) indicated that the results of determination could depend

somewhat on the magnitude, or the mean molecular weight of the auxiliary

compound used, which would be consistent with the complex topography

of the cell membrane'2' and the stratified structure of the cell wall(3).

The present study reviews determinations of EW in pressed baker's

yeast cake using aqueous solutions of PVP, PVA, DEX and methylcellulose

(MEC) of different mean molecular weights. The influence of solution

viscosity and the mean molecular weight of the auxiliary compound on

the values obtained were investigated. An extrapolation procedure is pro

posed which yields EW values closest to the true values of this parameter.

Solutions of inuline (IN), recommended in the literature for this kind of

determinations'4', were also tried.

EXPERIMENTAL

(1) Macromolecular substances for determination of the distribution

of water in yeast cake.

All samples of PVP, under the brand names Kolidon 1 7, Kolidon 25,

and Luviscol K 30, 60 and 90 (according to specifications by the manufac-

* Excerpt from the doctoral thesis of Jovan Velifkovic; another excerpt was commu

nicated at the 34th International Congress on Industrial Chemistry, Belgrade, 1963, pp.

238.
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turer Badische Anilin und Sodafabrik, Ludwigshafen) had a broad range

of molecular weights, particularly Kolidon.

The PVA samples, under the brand name Mowiol N (Farbwerke Hoechst

A.G., Frankfurt/M), contained practically no acetyl groups.

The MEC samples, under the brand name Methocel (Dow Chemical

International Ltd., Midland, USA) was prevalently dimethylcellulose with

27.5% —32.0% of methoxy groups, which affords maximum water solu

bility.

Dextrane samples (obtained from Glaxo Laboratories Ltd., Green-

ford, England; Pharmacia, Uppsala, Sweden; Institute for Fermentation

in Warsaw, Poland; and Zavod za transfuziju krvi, Beograd, Yugoslavia)

represented either native or hydrolyzed dextranes.

For all the substances used the limiting viscosity was determined by

measuring the relative viscosity of a series of aqueous solutions of various

concentrations of polymer in an Ostwald viscosimeter at 25.0°C+0. 1 and

extrapolation to zero concentration. All the substances used are reviewed

in Table I.

TABLE I

Macromolecular Substances Used

No. Substance M

(dl/g)
Mol. wt. Average Origin

1 PVP—17 0.065 5 720 BASF

2 PVP—25 0.15 26 400 W

3 PVP—30 0.18 35 100 n

4 PVP—60 0.73 445 000

5 PVP—90 1.32 1 292 000

6 PVA—30 1.38 12 500 Hoechst

7 PVA—50 1.64 41 600

8 PVA—70 1.92 61 200 »

10 MEC—10 1.48 20 900 Dotv

11 MEC—15 1.62 24 700 n

12 MEC—25 1.83 30 000 n

13 MEC—50 2.42 62 700 M

14 MEC—100 2.92 77 700 n

IS MEC-^100 5.20 123 100 M

16 MEC—1500 5.80 187 200 n

17 MEC—4000 6.20 —
M

18 DEX—1 — 3 000 GLAXO

19 DEX—2 0.25 —

20 DEX—3 — native

21 DEX—4 0.18 40 000 Pharmacia

22 DEX—5 0.28 197 000

21 DEX—6 1.20 native

24 DEX—7 0.20 hydrolyzed Belgrade Inst.

25 DEX—8 0.18 — Warsaw Inst.

26 DEX—9 2.70 native

27 Inuline 0.044 5 000 BDH, Merck
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Most of these substances dissolved in cold water and gave clear solu

tions. Solutions of substances nos. 5, 9, 20 and 30 were weakly opalescent,

while inuline dissolved only after warming and after several days standing

precipitated, so that only the freshly prepared solutions were applied. The

mean molecular weights of the polymers were calculated according to the

following relationships :

PVP<5> b] = 52- 10-5-M0-56

PVA<6> fr] =42.5 • 10-5 ■ M0-64

MEC<7> fo]=280 • 10-5 ■ MO-63

Data on the molecular weight of dextrane are those obtained from the

manufacturer.

Titration curves for the solutions of these substances practically coin

cided with the titration curve for distilled water, except for PVA in an acid

medium.

(2) Investigations were conducted using commercial yeast produced

by Kombinat Secera i Vrenja Dimitrije Tucovic, Belgrade, Yugoslavia,

after washing the samples with tap water. Each series of tests was carried

out using a cake from the same sample.

(3) Determinations of EW and CW — Water content was determined

after Montgomery and White*8' and Conway and Downey'9*, as described

in the previous communication'1'.

The macromolecular substance in the filtrate after dilution with exter

nal water from the yeast was determined by vacuum drying of a volume ali

quot of the solution at 70°— 80°C for several hours.

RESULTS

In preliminary investigations of EW content using substances of diffe

rent mean molecular weights it was found the EW value obtained depended

on the mean molecular weight. In certain cases, however, it also depended

on the concentration of the solution of the auxiliary compound. Therefore

subsequent EW determinations were first directed to investigation of the

influence of concentration, or viscosity, of the solution on the results.

(1) Determinations with PVP solutions — A number of tests were

conducted with:

(a) PVP solutions of different concentrations

(b) PVP solutions of different molecular weights

(c) Equiviscous PVP solutions of different molecular weights.

Results of some of these tests are presented in Tables II—IV.

(2) Determinations with PVA solutions — A number of tests were

conducted with:

(a) PVA solutions of different concentrations

(b) PVA solutions of different mean molecular weights.

Results of some of these tests are presented in Tables V and VI.

4
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TABLE II

Determination of the Distribution of Water with PVP Solutions of

Various Concentrations

Exper. Substance
Concentration

(%)

TW

Co)

EW

Co)

W

Co)

cw

Co)

1 PVP—17 1.95 72.5 15.7 56.8 67.4

1.09 72.5 15.6 56.9 67.6

»» 0.65 72.5 16.1 56.4 67.2

2 PVP—30 2.90 71.0 12.0 59.0 67.1

1.92 71.0 11.7 59.3 67.2

» 0.75 71.0 12.5 58.5 66.9

0.52 71.0 13.2 57.8 66.6

3 PVP—60 1.51 72.4 12.5 59.9 68.5

1.05 72.4 12.8 59.6 68.4

0.38 72.4 16.6 55.8 66.9

4 PVP—90 1.23 73.8 11.3 62.5 70.4

n 0.74 73.8 12.8 61.0 69.9

0.36 73.8 14.3 59.9 69.4

TABLE III

Determination of the Distribution of Water with Solutions of PVP of

Various Molecular Weights

Exper. Substance
TW

Co)

EW

Co)

w

Co)

cw

Co)

PVP—17 69.9 11.3 58.6 66.0

PVP—25 69.9 10.3 59.6 66.4

PVP—30 69.9 9.1 63.8 66.9

PVP—60 69.9 8.2 61.7 67.2

PVP—90 69.9 6.4 63.5 67.8

PVP— 17 70.5 13.2 57.3 66.0

PVP—25 70.5 11.5 59.0 66.7

PVP—30 70.5 10.7 59.8 67.0

PVP—60 70.5 9.9 60.6 67.3

PVP—90 70.5 9.5 61.0 67.4



51

TABLE IV

Determination of the Distribution of Water with Eguiviscous Solutions of PVP of Various

Molecular Weights

Exper. Substance
Concent.

Rel. vise.
TW EW W CW

(%) (%) (%) (%) (%)

1 PVP—25 4.01 1.91 71.6 11.0 60.6 68.1

PVP—30 3.26 1.91 71.6 10.6 61.0 68.3

PVP—60 1.36 1.91 71.6 10.2 61.4 68.4

PVP—90 0.57 1.91 71.6 9.2 62.4 68.7

2 PVP—25 4.04 1.91 72.6 15.2 57.4 67.7

PVP—30 3.39 1.91 72.6 18.4 57.8 67.8

PVP—60 1.36 1.91 72.6 13.5 59.1 68.3

PVP—90 0.59 1.91 72.6 13.4 59.2 68.4

Results of some of these tests are presented in Tables V and VI.

TABLE V

Determination of the Distribution of Water with PVA Solutions of Various Concentrations

Exper. Substance
Concentration TW EW W CW

(%) (%) (%) (%) (%)

1 PVA—30 2.52 72.6 12.0 60.6 68.9

» 1.90 72.6 12.1 60.5 68.8

n 1.53 72.6 12.0 60.6 68.9

1.21 72.6 12.7 59.9 68.6

1.13 72.6 12.1 60.5 68.8

2 PVA—50 4.14 72.9 14.5 58.4 68.3

M 2.78 72.9 13.6 59.3 68.6

n 1.96 72.9 13.8 59.1 68.6

»' 1.36 72.9 15.7 57.2 67.9

« 1.20 72.9 14.4 58.5 68.3

3 PVA—70 2.03 73.8 13.2 60.6 69.8

„ 1.31 73.8 13.5 60.3 69.7

» 0.67 73.8 15.4 58.4 69.0

n 0.42 73.8 16.5 57.3 68.6

When working with more concentrated PVP or PVA solutions, diffi

culties of an experimental nature arose and the experiment took longer

the more viscous was the solution of the auxiliary compound. In work with

highly viscous solutions, filtering became practically impossible, so that

concentrations of 2%—4% or higher were only seldom used. Since, on the

other hand, reducing the concentration of auxiliary compound also reduces

the accuracy, the lowest concentrations used were around 0.4%.

4*
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TABLE VI

Determination of the Distribution of Water with Solutions of PVA of Various Molecular

Weights

Exper. Substance
TW EW W CW

(%) (%) (%) (%)

1 PVA—30 73.2 12.5 60.7 69.4

PVA—50 73.2 10.2 63.0 70.2

PVA—70 73.2 9.9 63.3 70.3

2 PVA—30 73.5 15.1 58.4 68.8

PVP—50 73.5 14.9 58.6 68.9

PVP—70 73.5 12.8 60.7 69.6

(3) Preliminary tests with MEC showed that experimental work was

difficult and slow because of the high viscosity of the solutions, so that mainly

samples of lower mean molecular weights were used. Solutions were pre

pared by suspending the flaky substance in tap water and storing the sus

pension in a cooler. After storage of several hours, clear solutions were obta

ined.

The initial tests, for which solutions of very low concentration were

taken because of high viscosity, gave nonuniform EW values, and for this

reason the influence of concentration of the auxiliary compound on the

calculated EW values was primarily investigated. The results for some

experiments on determining EW using MEC solutions of different mean

molecular weights are presented in Table VII.

TABLE VII

Determination of the Distribution of Water with Solutions of MEC of Various Molecular

Weights and Concentrations

Exper. Substance
Cone.

Rel. vise, j
TW EW W CW

(%) (%) (%) (%) (%)

1 MEC—10 1.34 5.2 72.7 17.1 55.6 67.5

» 0.93 3.5 72.7 18.7 54.0 66.4

!> 0.62 2.3 72.7 20.6 52.1 65.6

»J 0.44 1.8 72.7 22.6 50.1 64.7

2 MEC—15 1.92 — 73.2 16.7 56.5 67.8

1.15 — 73.2 18.4 54.8 67.2

0.65 2.7 73.2 19.6 53.6 66.7

0.42 2.0 73.2 21.6 51.6 65.8

3 MEC—100 1.11 (20) 70.5 14.4 56.1 65.6

0.83 8.5 70.5 16.6 53.9 64.6

0.68 6.0 70.5 16.8 53.7 64.5

0.52 4.5 70.5 18.3 52.2 63.9
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To investigate the influence of concentration, systematic experiments

were carried out using several samples of MEC. Some are surveyed in Table

VIII (with data on relative viscosities of the solutions).

TABLE VIII

Determination of the Distribution of Water with Solutions of MEC of Various Molecular

Weights

Exper. Substance
Concentration* TW EW W CW

(%) (%) (%) (%) (%)

1 MEC—15 0.54 71.9 16.2 55.7 66.5

MEC—100 0.27 71.9 20.7 51.2 65.6

MEC—400 0.27 71.9 16.8 55.1 66.2

MEC—1500 0.17 71.9 20.4 51.5 64.7

2 MEC—15 1.00 71.6 14.2 57.4 67.0

MEC—100 0.54 71.6 14.7 54.2 65.6

MEC—400 0.54 71.6 15.0 56.6 66.6

MEC—1500 0.40 71.6 15.0 56.6 66.6

* Relative viscosity of solutions in experiment 1 about 2, in experiment 2 above 5.

To eliminate the factor of nonuniform viscosity of the solution, a series

of MEC solutions of different mean molecular weights was prepared, with

the concentrations selected so that all solutions had the same viscosity. The

results of the experiments with these solutions are shown in Table IX.

TABLE IX

Determination of the Distribution of Water with Eguiviscous Solutiohs of MEC of Various

Molecular Weights

Exper. Substance
Cone.

j Rel. vise.
TW EW W CW

(%) (%) (%) (%) (%)

MEC—10 1.36 5.0 73.0 14.8 58.2 68.3

MEC—15 1.16 5.0 73.0 13.8 59.2 68.7

MEC—25 0.99 5.0 73.0 15.2 57.8 68.1

MEC—50 0.75 5.0 73.0 14.3 58.7 68.4

MEC—400 0.42 5.0 73.0 13.9 59.1 68.6

MEC—1500 0.36 5.0 73.0 14.5 58.5 68.5

MEC—WOO 0.26 5.0 73.0 13.7 59.3 68.7

Most determinations were made with solutions of hydrolyzed dex-

tranes, since native dextranes proved to be inconvenient because of their

incomplete solubility and high viscosity. A number of experimental EW

determinations were performed, using (a) solutions of different concentra

tions, (b) solutions of different mean molecular weights. The results are

shown in Tables X and XI.
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TABLE X

Determination of the Distribution of Water with DEX Solutions of Various Concentrations

Exper. Substance
Cone.

Rel. vise.
TW EW W CW

(%) (%) (%) Co) (?.)

1 DEX—2 1.80 1.50 72.0 15.6 56.4 66.8

n 1.05 1.25 72.0 16.6 55.4 66.4

» 0.72 1.16 72.0 16.5 55.5 66.5

2 DEX—5 1.72 — 70.5 9.0 61,5 67.6

M 1.14 — 70.5 8.6 61.9 67.7

M 0.58 — 70.5 8.9 61.6 67.6

TABLE XI

Determination of the Distribution of Water with DEX Solutions of Various Molecular Weights

Exper. Substance
TW EW W CW

(%) (%) (%) (%)

1 DEX—4 72.6 11.0 61.6 69.2

DEX—7 n 10.4 62.2 69.4

DEX—2 » 8.8 63.8 69.9

2 DEX— 1 73.3 22.9 50.4 65.4

DEX—4 11 16.0 57.3 68.2

DEX—6 18.3 55.0 67.3

(4) Determinations by means of inuline solutions — A number of

experiments were conducted using inuline solutions of different concentra

tions (Table XII).

TABLE XII

Determination of the Distribution of Water with Inuline Solutions of Various Concentrations

Exper. Cone. Rel. vise.
TW EW W CW

(%) (%) (%) (%J

1 4.66 1.09 72.5 16.2 56.3 67.2

3.22 1.06 H 16.5 55.9 67.0

1.12 1.02 W 16.3 56.2 67.1

0.58 1.01 17.2 55.3 66.8

2 4.66 1.09 72.5 15.9 56.6 67.3

3.22 1.06 15.6 56.9 67.4

1.63 1.04 16.3 56.2 67.1

0.58 1.01 15.5 57.0 67.5
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DISCUSSION

The results indicate that the calculated EW values are affected by the

mean molecular weight of the compound used. Influence of the solution

concentration also becomes evident with compounds of relatively high mean

molecular weight (PVP-90, PVA-90 and native dextranes). Since solutions

of macromolecular compounds are the more viscous the higher the concen

tration and mean molecular weight of the dissolved compound, the effect

of the last two factors becomes most marked when using solutions whose

relative viscosity is 3 — 6 or more (practically regardless of concentration).

Such solutions are also inconvenient because of very slow filtering. The

influence of solution concentration on the found EW value is illustrated in

Fig. 1, which shows the decrease in the found EW (AEW) as a function

 

A pva - 30

• MEC - 10

+ MEc - no

V PVP - 90

0.5 1.0 1.1 2.0 2.5 3.0

AC %

Fig. 1.

The dependence of the decrease of external water on the increase in concentration of the

solution of the auxiliary compound.

(APVA—30; • MEC—10; +MEC—100; V PVP—90)

of the increment in the concentration of the auxiliary compound (AC).

To facilitate comparison, all curves start from the same point in the graph

and for each experiment this point represents the maximum EW value in

the given series of tests, obtained with the most dilute solution of the auxiliary

compound. The graph evidences the great influence of solution concentra

tion with MEC solutions, and a more moderate influence with PVA-70 and

PVP-90. With PVA-30 solutions, any influence of the concentration falls

within the limits of experimental error, i.e. the values found for EW using

this compound did not depend on concentration.
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From these and similar observations on the influence of solution con

centration with the other compounds in Table I, all the auxiliary compo

unds tested were classified into two groups. Group 1 contains the substances

whose concentration effect is not marked, and group 2 contains all other

substances :

Group I PVP-17, PVP-25, PVP-30, PVA-30, PVA-50, inuline,

hydrolyzed dextranes;

Group 2 - PVP-60, PVP-90, PVA-70, PVA-90, all MEC samples,

native dextranes.

The variations of the EW values with substances of group 1 lie within

the limits of experimental error. PVP-60 is a borderline case between the

two groups.

Having thus determined the degree of influence of the concentration

of auxiliary compound on the results we also investigated the parallel influ

ence of the molecular weight on the calculated EW values. All experimental

determination EW using series of samples of one kind of compound but of

different mean molecular weights showed that the EW value obtained decreases

with increasing mean molecular weight. For further research into the influ

ence of mean molecular weight, several additional experiments were run

with simultaneous determination of EW by means of all compounds in

group 1. Numerical values for the two additional experiments of this kind,

carried out with a several samples of PVP, PVA and dextrane, are presen

ted in Table XIII.

TABLE XIII

Parallel Determinations of the Distribution of Water with Solutions of PVP, PVA, and DEX

of Various Molecular Weights

Substance j
TW EW W CW

(°.) (%) (%) (%)

PVP—17 73.0 15.2 57.8 68.2

P/P—25 " 14.1 58.9 68.6

PVP—30 M 13.7 59.3 68.7

DEX—8 11 12.5 60.5 69.1

DEX—7 » 12.2 60.8 69.3

DEX—2 11.4 61.6 69.5

PVP—17 72.8 14.7 58.1 68.1

PVP—25 13.9 58.9 68.4

PVP—30 M 13.1 59.7 68.7

PVA—30 13.9 58.9 68.4

PVA—50 12.6 60.2 68.9

DEX—8 12.6 60.2 68.9

DEX—7 12.4 60.4 68.9

DEX—2 11.6 61.2 69.2

DEX—5 „ 11.5 61.3 69.3
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Taking the limiting viscosity as the common measure for the mean

molecular weight, or for the mean dimensions of the macromolecules of the

auxiliary substance, we derived a relationship between EW and the limiting

viscosity of the corresponding compounds by graphical extrapolation (Figs.

2a and 2b).

n
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Fig. 2a and 2b.

Extrapolation of EW to zero limiting viscosity number

(• PVP; A DEX)
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By extrapolation of the straight line dependence of EW on the mean

molecular weight to the value M=0, a limiting EW value is obtained,

since the effect of magn:tude of macromolecules is presumably eliminated

by extrapolation. In other words, the size of the molecules of the auxiliary

macromolecular compound is reduced to the size of molecules of the mono

mer. EW[„] 0> we consider, represents the closest value to the true EW

content which can be experimentally determined. Extrapolated EW values

should not depend either on the kind of compound used (provided it has

no ionizing groups), or on the size of its molecules or mean molecular weight.

We believe that the smallness of the deviations of the mean extrapolated

EW in the 3 series with different compounds confirms the above hypothesis;

because the discrepancies between the values lie within the limits of expe

rimental error(1).

Extrapolated EW values and water distribution in the yeast samples

are presented in Table XIV. The mean contents of CW and EW derived

from the data in this table are 67.3 ±0.8 and 32.7±0.8%, respectively.

TABLE XIV

Extrapolated values for the distribution of water

Exper. Substance EW[nHo
EW-[„]=o

(%)

CW

<%)
(%)

1 PVP

DEX

16.2\

15.4 J 15.8 ±0.4

67.9

2 PVP

PVA

DEX

15.5]

15.0 }

14.7 |

15.1±0.4 68.0

3 PVP

PVA

DEX

16.6)

14.5 }

15.2 )

15.5±1.0 66.6

The values for water distribution or intracellular water calculated in

this way, represent, in our opinion, the most realistic values which can be

reached by this method of determination.

Table XV presents the calculated ratios between the average extrapola

ted EW value and the corresponding EW determined with PVP-1 7 and PVP-

TABLE XV

Ratios of Means of Extrapolated EW and EW Values Determined with Solutions of PVP-1 7

and PVP—3C

Exper.
EWpvp-i7

(%)

EWp\p-3o

Co)

EWt,^o

Co)

EWppt

(%)

EWrn]=o_

EWpvp-n

EWhl) „

EWpvp-3o

I 15.2 13.7 15.8 20.6 1.04 1.15

: 14.0 12.1 14.7 18.2 1.05 1.21

} 14.7 13.1 15.1 19.7 1.03 1.15

4 15.6 13.6 15.5 20.4 1.00 1.14

Mean: 1.03 1.16
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-30 solutions. Also presented is the EW value which would be obtained in

this test using a peptone solution, assuming (on the basis of previous fin

dings) EWppt to be about 50% greater than the value determined with

PVP-30 solution*1'. From this table the following may be concluded: (a)

the actual EW content, determined by extrapolation, is still much lower

than the value which would be obtained using PPT , (b) the value closest

to the extrapolated value is that determined using PVP-17 solution, (c)

EW[l,]-0is on average 16% higher than the value obtained with PVP-30.

For this reason it is inferred that accurate values for EW could be obtained

by multiplying the EW value determined using PVP-17 solution by a factor

1 .03, or by multiplying the EW value determined using PVP-30 by a factor

1.16. Considering that the EW values determined with inuline solution are

close to those determined with PVP-30, it is clear that inuline is less suitable

than PVP-17 because the values obtained by PVP-17 are closer to the actual

water content.

The dependence of the results for EW on the mean molecular weight

of the auxiliary compound is not correlated so much with the absolute mean

molecular weight as with the shape and dimensions of the macromolecular

particles in solution, and the topography of the yeast cell surface. Long

threadlike macromolecules of PVP, because of their relatively great freedom

of rotation around the bonds between segmers, are found in the aqueous

solution as random coils of various dimensions'10'. Known to behave simi

larly are PVA'11', methylcellulose'5' and dextrane, although dextrane always

has a slightly branched structure*12'. Coil-like macromolecules of these

compounds in solution can be simply represented as sphere whose diameter

corresponds to the average end-to-end distance of the coil, as shown in

Table XVI. The average end-to-end distance (r) and corresponding expan

sion coefficient (a„) have been calculated by two different methods, as expla

ined in the Supplement at the end.

Since water is not a very good solvent for PVP, the macromolecules

of this compound in solution are coiled much tighter than those of methyl-

cellulose, while the average end-to-end distance of methylcellulose (of a

given molecular weight) is much greater because of good hydration and

a certain rigidity of bonds between segmers.

If the surface of the yeast cell wall were ideally smooth, one could ima

gine globular macromolecules in EW determinations uniformly approaching

the whole surface of the cell, and the solution of auxiliary compound would

be diluted with the total amount of EW in the yeast. In this case there would

be no dependence of the found EW value on the mean molecular weight

or the dimensions of the auxiliary compound in solution. Since, however,

the surface structure in terms of chemical composition, permeability and

appearance under the electron microscope, exhibits a certain porosity and

corrugation, the explanation of the influence of molecular weight on EW

determinations should certainly be sought in the dissimilar conditions of

approach for different macromolecules. The surface of the cell shows high

and lows. The latter most likely occur as funnels or pockets, on whose bottom

or sides there are openings, pores, for the passage of small molecules into

the deeper layers of cells. This surface represents the external membrane'3'.

Going toward the mouth of the pore, the sides of the funnel or channel
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TABLE XVI

Avarage End-to-end Distance (r), Expansion coefficient (an) and Diameter (Is) of Macro-

molecules in Solution

Polymer

I* I**

2(s*)'''

(A)
(A) (A)

PVP—17 53 (1,000) 44 35.2

PVP—25 127 1.064 118 94.4

PVP—30 136 1.082 137 109.9

PVP—60 506 1.261 513 410.4

PVA—30 97 1.550 102.5 82.0

PVA—50 187 1.879 199 159.2

PVA—70 231 1.999 247 197.6

MEC—10 231.0 1.173 231 184.8

MEC—15 252 1.198 253 201.6

MEC—25 280 1.229 285 228.0

MEC—50 392 1.321 417 333.6

MEC—100 449 1.391 471 376.8

MEC—400 635 1.477 606 484.8

MEC—1500 757 1.559 819 655.2

* First method of calculation.

** Second method of calculation.

close in thus forming narrow parts of different dimensions and filled with

intercellular fluid, into which some molecules of the auxiliary compound

cannot penetrate because of their large dimensions, for example, molecules

of PVP-17 penetrate rather deep into these narrow parts, but not to the very

bottom, so that the portion of the EW which does not participate in diluting

the auxiliary compound is that situated between the level reached by the

macromolecules and the level of the pore openings. Larger macromolecules,

for example PVP-25 and PVP-30, are kept even further back, so that an

increasing portion of EW is missed by the determination. This behavior

can explain the steeply sloping part of the curve of EW against limiting

viscosity. When the dimensions of macromolecules grow to reach an order

of magnitude more than the dimensions of the funnels or channels, their

approach to the cell surface is still more limited and the range of limiting

viscosity values is reached, in which the macromolecule size only little influ

ences the EW value obtained (for example, with PVP-60 and PVP-90 solu

tions the variations in EW are less than in the series with PVP-1 7 or PVP-30).

The suggested model for the nonuniform approach of macromolecules

to the corrugated surface of the cell is illustrated in Fig. 3. The cross sec

tion of the cell wall is shown as an irregular wavy line, without any preten

sion to represent the actual geometry of this surface but only to indicate

the fact that the surface of the cell has such locations which are more or

less accessible to molecules depending on their dimensions.
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Drawing A in Fig. 3 represents the situation during EW determinations

using PPT solution: PPT molecules are shown as relatively small spheres

which penetrate rather deep into the funnels on the surface of the cell, the

reby causing nearly all the EW to participate in dilution. The small portion
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Fig. 3.

Simplified model of macromolecules in solution approaching the surface

of a yeast cell,

(o inuline; © peptone)

of EW not covered by determination is shown shaded. Around the groups

which carry the negative charge of the cell surface the peptone molecules

accumulate with their positively charged ends turned toward the cell. As

a result of this accumulation peptone is more concentrated in the proximity

of the cell surface than it is elsewhere in the system. If still smaller nonioni

zing molecules were used for determinations, they would probably penetrate

into the shaded areas of the still nonparticipating EW, but then molecules
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as small as this, wight also get through the openings on the funnel bottoms

and the determination would reduce to measuring the permeability of the

cell.

Representing PPT molecules in this drawing as spheres can be objected

to on the graunds either that the sphere should have a greater diameter

because of the electric charge of the molecule, or that the peptone molecule

in solution could also be stretched out.

Drawing B in Fig. 3 represents the situation during EW determination

using PVP solutions of different molecular weight or solutions of other

nonionizing compounds. The ratios between the diameters of the globular

models of PVP molecules and other compounds in this drawing correspond

to the average end-to-end distances as calculated in Table XVI. The dra

wing shows how the nonparticipating EW (shaded area), increases as the

dimensions of the macromolecule increase. When EW is determined using

macromolecules of relatively large dimensions, such as PVP-60, molecular

size has little influence. The extrapolation of EW to [»?] = 0 corresponds,

like the previous case, to an imaginary determination with molecules which

include all the EW because of their small dimensions.

Attributing any definite dimensions to the cell surface corrugations

would be only provisional, because the calculated average end-to-end dis

tances are only mean values depending on the polymolecular character of

the samples, and because the numerical constant <1> = 2.5*1021, applied to

calculate the average end-to-end distance, varies within the range 2.0—

—2.8 • 1021, according to recent data'13', depending on the kind of solute and

solvent, and because this constant appears to depend to a certain small eftent

on the mean molecular weight as well, particularly at small molecular we

ights*14).

As regards inuline, its small molecular weight and the corresponding

small dimensions of the globular model of its macromolecule in solution

would be expected to give EW values close to those determined by means

of PVP- 17. The results, however, show that EW content determined by

inuline is usually only slightly greater than that determined by PVP-30,

whereas EWpvp_i7 is invariably much greater. In calculating the average

end-to-end distances for inuline it should be remembered that it is not en

tirely justified to apply the same formula as for other polymers. Since the

degree of polymerization of inuline at M^5000 is only about 20 (which is

approximately half that of PVP- 17 at approximately the same molecular

weight) and since there is a greater freedom of rotation between the mono-

meric residues of PVP- 17 because of their smaller volume than between the

fructose residues of inuline, the average end-to-end distance must be much

greater than the calculated value, because of the greater regidity of the fili

form macromolecule of inuline. If, going to another extreme, the procedure

for determination of dimensions of small molecules based on the limiting

viscosity*15' is applied to inuline, values of around 1 50 A are obtained. The

actual value, in view of the EW determinations in particular, is probably

about 100 A.

An interesting and complex question is that of the dependence of the

measured EW value on the solution concentration when methylcellulose

and other macromolecular compounds of high mean molecular weight were
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used. An explanation of this phenomenon, which practically rules out the

application of such compounds for accurate determinations of water

distribution, is probably to be sought in certain properties of the aqueous

solutions. According to Kuhn et al.il6), molecules of methylcellulose dissol

ved in water readily associate into aggregates. Further study showed that

the aggregate volume increases with the rising temperature, but decreases

with increasing degree of polymerization. Macromolecules of MEC-400

dissolved in water practically do not associate at 1 0°C, but at 20°C aggregates

of up to 400 macromolecules are formed. Aggregation at increased tempera

tures is an equilibrium process whose completion may take up to 50 h. The

drastic changes in dimensions and number of particles in the system neverthe

less cause only slight changes in the viscosity. The formation of MEC mo

lecular aggregates is attributed to the reduced hydration of the segmers with

increasing temperature. The same explanation is applicable to the behavior

of PVA in aqueous solution*17', as is confirmed by parallel determinations

of mean molecular weight by light dispersion and other methods.

In EW determinations using such solutions with large macromolecular

aggregates (formed by association of a large and undefined number of mac

romolecules), phenomena occur which are in fact similar to those presented

in Fig. 1 , but in this case on a much larger scale. The EW not taken in by

the determination includes not only water in the corrugations of the cell

surface but also that around the link of two cells still in the process of di

vision. Also inaccessible to the determination would be water in the larger

irregularities in the cell surface which represent the scars of cell division,

and the EW film which separates cells lying very close to one another. Since

the auxiliary compound solution, because of the reversible nature of the

formation of aggregates, has a certain size distribution of nonassociated and

associated macromolecules which depends on concentration, the probability

of finding macromolecular particles in different EW zones is not sharply

differentiated. For these reasons, when determining the distribution of water

by means of solutions of methylcellulose and other compounds of similar

behavior, the actual EW value could be theoretically obtained only by double

extrapolation, both to [i?]=0 and to c=0.

From the experimental EW determinations with equiviscous PVP and

MEC solutions (knowing that increasing concentration leads to a lower

EW, that decreasing the mean molecular weight increases EW, that the increa

sing degree of polymerization of methylcellulose reduces the volume of mac

romolecular association) and from the thus observed changes in the EW

values, it can only be concluded that in case of equiviscous solutions of A1EC

the mutually opposing effects cancel out, while in case of PVP the effect of

mean molecular weight outweighs that of concentration.

From all observations in the experiments described above the follo

wing may be concluded. Ionizing substances give incorrect results for EW.

Nonionizing substances give more accurate values the lower their mean

molecular weight, and less accurate values the higher the viscosity of the

aqueous solution. Using inuline solutions gives EW values which are close

to the actual values. Of all the substances tested, however, PVP- 17 is the

most convenient for the determination of the distribution of water in

pressed yeast cake.
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SUPPLEMENT

Calculation of the average end-to-end distances (r2) 1 and average dia-

mater of rotation of macromolecules in solution 2(s2) '* .

The average end-to-end distance (r2)'^ was calculated from the limi

ting viscosity and the relationship between the limiting viscosity and mole

cular weight, [ij]=KMa for the given polymers.

Method 1: the average end-to-end distance is calculated directly from

the relation*18'

Method 2: from the known relation between limiting viscosity and

molecular weight, applying the extrapolation procedure after Stockmayer

and Fixman*19', first Ke (values of constant K in the Mark-Howinkov equ

ation under 6 conditions) is determined and then this magnitude and the

Flory-Fox function*20' are used to determine the average end-to-end dis

tance of macromolecules in the undisturbed state, r0:

., K,-M*/.
MV'i =—

From the value obtained for Ke, [iy]e is also calculated for the corres

ponding molecular weight, and then the ratio

is used to calculate expansion coefficients for a polymeric cluster of the gi

ven molecular weight in a good solvent.

The relation r=anr0 was then used to calculate the average end-to-end

distance of macromolecules in the solvent (water).

The average end-to-end distance was reduced to the rotation diameter

by means of<21> s2=r2/6 which holds for randomly coiled macromolecules in

solution, and, finally, multiplying by 2, the diameter of the macromolecule

was obtained. The value'22' taken for the universal constant <J> was 2.5 • 1021.

SUMMARY

In a previous communication on the determination of the distribution

of water in pressed yeast cakes with water soluble macromolecular

substances, it was indicated that values for external (EW) and internal wa

ter (W), constituting the total moisture of the yeast cake (TW) and the cal

culated amounts of water within the cells (CW), should depend on the type

and molecular weight of the auxiliary compound.

A systematic investigation with nonionizing polymer samples of poly

vinylpyrrolidone (PVP), polyvinylalcohol (PVA), methylcellulose (MEC)

and dextrane (DEX) of different molecular weights, and inuline (IN), indi
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cate that the degree of dilution of the auxiliary solution decreases with increa

sing molecular weight of the substance and increasing viscosity of the solu

tion. Selecting for experiments only substances with negligible solution

viscosity effects, an extrapolation procedure to zero limiting viscosity number

for the exact determination of EW is proposed and the extrapolated values

compared with directly measured quantities. Water distributions, very

close to "true" values, can be obtained with IN and PVP-17. The EW de

pendence on molecular weight reflects indirectly the corrugation of the

surface of the yeast cell.
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ON THE SYNTHESIS OF SOME PHENYLCYCLOHEXANE

DERIVATIVES

MARIJA D. LAZAREVIC and MrROSLAVA D. JANCEVSKA

In continuation of our earlier work'1, 2- 3> we have studied the conden

sations of />-cyclohexylacetophenone with diethyl oxalate.

The synthesis of the compounds to be described below was performed,

as in Claisen condensations*4', by acylation of /^cyclohexylacetophenone*5'

with diethyl oxalate in the presence of sodium ethylate in absolute ether.

The acylation was first performed in the ratio 2: 1 ; in this case the 1,6

di-(/>-cyclophenylene)- 1 , 3, 4, 6-hexantetrone (I) was obtained, in the form

of yellow needles, with m.p. 229-230°C.

(3~C3"mc°GE2cococE2co"

i

The tetraketone was identified by its quinoxalic derivative (orange need

les, m.p. 179-180°C).

By acylation of p-cyclohexylacetophenone with diethyl oxalate in the

-atio 1:1 in the presence of sodium ethylate, the (/>-cyclohexyl-phenylen)

oa, y-diketo ethyl ester of butyric acid (II) was prepared in the form

rf colorles plates of m.p. 194-195°C.

-COCHgCOGOOCgHj

II

EXPERIMENTAL

1 ,6-Di-(/>-cyclohexylphenylene) 1, 3, 4, 6-hexantetrone 2.3 g sodium

(0.1 mole) in thin platelets is introduced with 80 ml absolute ether into a

round-bottomed flask provided with a reflux condenser. Ether is added till

the sodium is covered and 4.6 g (0.1 mole) of absolute ethanol is added in

drops through the reflux condenser. The mixture is left several hours at

room temperature,6,. Then the flask is cooled with iced water. To the sodium

ethylate formed 10.1 g (0.05 mole) p-cyclohexylacetophenone and 7.3 g
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(0.05 mole) of freshly distilled oxalic ester in 50 ml absolute ether are added

dropwise. After a short time the yellow sodium compound of the condensa

tion products is precipitated. The reaction mixture is left three to four days,

and stirred at intervals. The color of the mixture gradually changes from

light yellow to deep red.

The yellow reaction product is filtered, washed with ether and dried

in air.

The sodium compound obtained is treated with HC1 (1 : 1) cooled with

ice.

21 g (91.7%) of the crude tetraketone cf m.p. 210—220°C was obtained.

After recrystallisation from dimethylformamide, yellow needles melting at

229—230°C were obtained. It is difficultly soluble in ethanol, petroleum

ether, glacial acetic acid and benzene.

Analysis: C30H34O4 (458.57)

Calculated: C 78.60 H 7.47

Found: C 78.75 H 7.75

Quinoxaline derivative of l,6-di-(/>-cyclohexylphenykne)-l, 3, 4, 6-hexan-

tetrone.

The quinoxaline derivative (III) was prepared by heating equimolecular

amounts of o-phenylene diamine and l,6-di-(p-cyclohexylphenylene)-l,

3, 4, 6-hexantetrone in a mixture of ethanol and benzene for one hour.

After recrystallisation of the precipitate from absolute ethanol, the qui

noxaline derivative was obtained in the form of orange needles, m.p. 179—

-180°C.

Analysis: C36 H38 N202 (530.68)

Calculated: C 81.50 H 7.22 N 5.29

Found: C 81.14 H 7.05 N 5.35

(p-cyclohexylphenylene)-a, y-ethyl ester of diketo butyric acid

To the sodium ethylate, which was prepared from 1.15 g (0.05 mole)

sodium and 2.3 g (0.05 mole) absolute ethanol in 40 ml of absolute ether,

a mixture of 10.1 g (0.05 mole) p-cyclohexyl-acetophenone and 7.3 g (0.05

mole) diethyl oxalate in 30 ml of absolute ether was added. After 3 days

the yellow sodium compound which had precipitated from the reaction mix

ture was filtered off, washed with absolute ether and dried in air. It was then

been with HCL (1 : 1) cooled with ice. The light yellow product was then

-C0CH2C-CCH2C°-^3™C3

N N

I I 

III
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filtered, washed with water and dried in air. 10.5 g (69.5%) of the crude

product was obtained. After recrystallisation from absolute ethanol, co

lorless needles of m.p. 194— 195°C were obtained.

Analysis: Ci8H22Oa (302.356)

Calculated: C 71.55 H 7.33

Found: C 71.32 H 7.46

SUMMARY

By acylation of />-cyclohexylacetophenon with diethyl oxalate in the

presence of sodium ethylate, as in Claisen type condensations, the following

compounds have been obtained:

1,6 di-(p-cyclohexylphenylene)-l, 3, 4, 6-hexantetrone and (p-cyclo-

hexylphenylene)-a, y-ethyl ester of diketo butyric acid.

The tetraketone was proved via its quinoxaline derivative.
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DEVIATION OF POLAR MOLECULAR SORPTION

FROM THE BET THEORY

by

DUSAN VUCELIC, MILENKO SUS.IC and DRAGOMIR KARAULIC

By sorption of gas and vapor molecules it is possible, in principle, to

determine the surface area of all solids having a small outer surface and a

very large inner surface. This is possible thanks to the wide choice of sui

table gases thus avoiding difficulties which are encountered in other me

thods based on sorption from solutions, optical measurements, etc. By using

the smallest known molecule in nature, the hydrogen molecule, it is possible

to penetrate into the finest crystal cavities and, by using inert gases, the de

pendence of the method on the nature of the solid can be minimized.

However, difficulty is encountered in determination of the number of

molecules in the monolayer. The two presently most acceptable methods

for determination of this number are based on the sorption model of Lang-

muir and BET theory. Since neither model can exactly explain the mecha

nism establishing equilibrium, an error of 20% in determining the sur

face area of solids by the BET method is, in general, considered good. How

ever, when the specific surface of highly porous substances is determined,

errors exceeding even 40% appear because it is impossible to apply a simple

BET equation with n=oo<1. 2>.

If polar compounds are used for surface determination the problem

becomes more complicated. In the case of porous glasses, which are similar

in porosity to zeolites, the specific surface areas obtained are considerably

smaller if determined by means of water and ethyl alcohol sorption. The

ratio of the area thus determined to that determined using nitrogen is 0.59

if water is used and 0.4 if ethyl alcohol is used<3>. According to Gregg (4),

this phenomenon results from irregular formation of the mono- and poly-

layer. However, for zeolite Linde 5 A, which was most used in the present

work, this hypothesis is probably not valid since in the "second" layer formed

in the cage, even in very small water molecules, there are only three mole

cules. For these and some other specific difficulties Whalen(5> considers

that, for highly porous substances, it is impossible to determine the end

point B of the BET equation, thus making this model unacceptable for the

determination of the surface area of such sorbents.

Dubinin16- 7» adds to this that not only is it impossible to determine

the surface area but also the term surface "loses its physical meaning in the

case of sorbents with small pores".

5
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EXPERIMENTAL RESULTS

The sorption was determined by the classical McBein-Bakr method. A quartz

spiral with sensitivity 5 x \0~7 g was used to determine the quantity of sorbed gas or vapor

as a function of pressure. The pressure was determined with a mercury manometer and

a cathotemeter, to an accuracy of 1 x 10~s mm Hg. The system was thermostated in a cryo-

stat to ifcO.rC.

Powdered molecular sieves (sorbent), product of BDH, were prepared by hea
ting at 400CC, in a vacuum of ~ 10" 6 mm Hg for 10-12 hours. The sorbates were deionized

water of 14 Mil/cm, CH?OH, CH3CH,OH and CH3I, products of BDH, several times

purified by manifold fractional distillation ; CH4 produced by Phillips Petroleum Company,

twice distilled.

The experimental results are shown in Figs. 1, 2, 3, 4 and 5.

Figure 1 shows isotherms for HjO, CHsOH, CHJ, CjHjOH and CH« on zeolite

5 A. All isotherms were obtained at 23°C except that for methane which was obtained

at —150°C.

m mol

9
I 

Figure 1.

Isotherms: I — H20 at 23°C; 2 — CH,OH at 23°C; 3 — C2H6OH at 23°C;4— CHJ

at 23 C; 5 — CH4, on zeolite Linde 5 A.

Figure 2 shows the BET isotherm for methane in the range of relative pressure

which corresponds to validity of these equations. Figures 3, 4, 5 show Langmuir and

BET isotherms for HaO, CH3OH and CaHsOH sorption in the corresponding pressure

range.
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Figure 3.

Sorption isotherm for

water on zeolite Linde

5 A in BET and Lang-

muir coordinates.
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Figure 4.

Sorption isotherm for methyl alcohol on zeolite Linde 5 A in BET and Langmuir coor

dinates.

 

Figure 5.

Sorption isotherm for ethyl alcohol on zeolite Linde 5A in BET and Langmuir coor

dinates.
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Figure 6 shows isotherms for CH3I sorption on three different zeolites: 5 A, lOx

and 13x, in BET coordinates.

 

Figure 6.

Sorption isotherm for methyl iodide in BET coordinates. • — zeolite 5A; o — zeolite

10 x; A — zeolite 13x.

DISCUSSION OF RESULTS

These results and some earlier investigations*8' prove that there are

two basic reasons for the unsatisfactory results of the BET and Langmuir

theory when used for determination of the surface area of highly-porous

substances. The first reason is that both models are rough approximations.

A number of important factors are neglected such as: interaction of

sorbed molecules, deformation of the electron clouds of molecules caused

by the surface, which leads to increased density and mobility of sorbed mole

cules on the surface.

The second reason consists in the wrongly defined size of the area

of sorbed molecules on the surface of solids. Although* this factor can be

eliminated by introducing an "effective area" of the molecules, which is also

* Author actually wrote "As long as this factor . . ." (language editor1)
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the subject of our investigations, the effect of the nature of the molecule and

of the molecular complex formed on the surface of the sorbate cannot be

avoided. Although all these phenomena are present even in the case of ideally

flat surfaces, their effect can be neglected. With increasing porosity, they

become more and more pronounced which inevitably leads to deviations

from BET theory.

The isotherms plotted according to the BET and Langmuir equations

in Figs. 2, 3, 4 and 5 considerably deviate from these theories. Instead of

straight lines in the corresponding pressure range, curves are obtained

whose curvature increases in the order: CH4<H20<CH30H<C2HsOH<

<CH3I.

Figure 6 also gives a BET isotherm for two other zeolites which differ

from zeolite 5 A in crystallography, structure and porosity. The non-

linearity is evident in both cases, which implies general inapplicability of

the model. This can be confirmed by a general examination of the mole

cular constants.

The measurements show deviations from the BET and Langmuir

theories and functions for the dipole moment and molecular dimensions.

If the range of applicability of the BET equation is reduced to 0.05^ Pr/Ps<

<0.12, one can determine the specific BET parameters: Vm — volume of

the monolayer and Sx — surface area determined by molecule x. (Thus ob

tained results are summarized in Table I).

Assuming that the area determined by nitrogen sorption is correct,

the factor f=Sx/SN2 represents some measure of the deviation of the theory

in each case. If for the intermolecular effect and packing density, i.e. the

two most important factors of deviation, we take as a rough approximation

the dipole constant (j. and the molecular area <r, determined according to the

packing density in the liquid state, then in general the product of these three

magnitudes should be constant:

(f-o-[i const, (for

ni=[ f-a const, (for [x=0) ^

TABLE I

Characteristic Values Calculated from BET and Langmuir Isotjterms
 

BET isotherm Deviationin%

fromS=568.0

•fit

Deviationin%

fromS-775

m'lg

Langmuir

isotherm j i
Deviationin%

fromS=775

<= 1
System

A»
•2i '

C
vm S

m'lg

vm S

m'lg

|l*

cm' cm3
8 J?

5 A 13,814.8 243.5 681.0 20.0 12.0 10.5 288.8 808.0 17.2 4.6

CH^OH — 5A 55.4 129.0 628.0 10.6 19.8 18.1 142.2 691.5 0.2 10.8

C2H5OH — 5 A 24.8 67.8 426.0 25.0 34.2 23.1 91.8 570.1 17.4 26.5

CH3I — 5 A — 56.1 416.0 26.8 47.4 26.4 63.7 472.0 33.0 39.0

CH4 — 5 A — 141.8 692.0 21.8 10.6
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In the cases where |x=0, the only effect is that of the packing factor, a, so

instead of the above relation, it must be that f • a— const.

Instead of/ as the criterion for the deviation from the theory, one can

take the deviation of the curve from the straight line predicted by BET

theory (Figs. 2 through 5). From the experimental isothermal, the theoretical

BET slope is obtained by determining the ratio A for any relative pressure

(Fig. 5).

. deviation from the straight line in y

A= =tan a(BET)

deviation from the straight line in x

Then, by analogy:

^ (for (i^O)

A° (2>

(for[z = 0)

7T2 =

must be constant for all molecules within the error of measurement.

The results obtained thus are shown in Table II. Irrespective of the

very rough approach, the agreement is about 20% for m, which results from

the 20% accuracy of T determined according to BET. The agreement

is better if the deviation A, which does not include the factor "P, is taken

as the criterion for the deviation of the theory.

As we have shown that 7ti is a constant, relation (1) can be used to

calculate the factor "f", and hence the true BET surface, from the experimen

tally determined surface Sx. Equation (2) offers still greater possibilities.

The theoretical slope of the BET isotherm can be calculated for any gas

without experimental measurements, if 7rj is known. This is shown by an

example for zeolite Linde 5 A and different molecules (Table II).

Better agreement is obtained if the area is not calculated by the BET

but by the Langmuir equation, which can be ascribed to the better appli

cability of the theory for zeolites, as is shown in our earlier paper (8). How

ever, although better agreement is obtained, the errors are still great.

TABLE II

Influence of Molecular Parameters on the BET Theory

% error % error

Substance Debve A1 f w> for ** 102 - for

7^ = 20.5 7t, = 9.3

CH4 0 18.1 0.89 16.3 18.5 9.9 6.4

CH,I 1.64 26.4 0.54 23.4 14.5 9.9 3.3

CH,OH 1.71 18.1 0.81 24.8 21.0 8.7 5.9

C2HsOH 1.68 23.1 0.54 20.9 S.O 9.4 1.1

N, 0 16.2 1 16.2 21.5 — —
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Considering The above, the question arises as to whether it is reasonable

to speak of the existence of the surface area as a constant physical magnitude

in the case of highly-porous substances. However, the existence of a surface

must be assumed irrespective of the fact that inside the whole crystal cavity

there is a nonuniform field of forces. The surface represents that equipo-

tential field which is at a distance from the crystallographic surface, i.e.

at the distance between the molecular ionic bond of sorbed molecules and

crystal lattice ions. The form of this surface (at the distance of the bond)

depends on the form of the equipotential surface and its deformation caused

by the molecules being sorbed. Molecules of different nature differently

"feel" the same crystal surface on which they are adsorbed and which repre

sents some "effective" or "specific" surface. The absolute surface area may

be taken as the surface at the distance of an ionic radius from the lattice

surface. Its size would be determined only from crystallographic data and

real ionic radii on the lattice surface. Such an analysis (9) has shown that

the area of the absolute cage surface of zeolite Linde 5 A is 317 A2, which

was used in our investigations.

SUMMARY

There are two reasons why the BET isotherm cannot be used to de

termine specific surface from sorption of polar molecules: the interaction

of the sorbed molecules and the packing effect in the monolayer. This hypo

thesis has proved to be right and it is shown that by introducing the dipole

moment and molecular area, the real BET isotherm, which is a curve, can

be corrected to the theoretical straight line from which the correct BET

area can be obtained.

School of Sciences, Institute Received 18 January 1971

of Physical Chemistry, Belgrade University

Institute of Chemistry, Technology

and Metallurgy, Belgrade
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MIXTURES
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PAULA S. PUTANOV, BOJANA D. ALEKSltf and ANA

TERLECKI-BARICEVIC

In the modern industrial production of synthetic methanol from carbon

monoxide and hydrogen, use has been made of various complex catalysts

composed of zinc, copper and chromium oxides with the addition of oxides

or salts of manganese and magnesium as promotors.

The two-component zinc-chromium catalyst has so far been most

widely used owing to its low sensitivity to the usual poisons of hydrogenation

catalysts, such as sulphurous and phosphorous compounds, and its relatively

high thermal stability. Three-component ZnO-Q^Os-CuO catalysts, con

taining copper, are susceptible to poisoning, but they have more favorable

working conditions at lower temperatures and pressures and higher initial

activity.

In recent years, the interest of many producers and research labo

ratories has been directed towards the development of a new technology of

methanol production at lower pressures and towards the synthesis of corres

ponding catalysts.

Several procedures have been described for the synthesis of three-

-component zinc-copper-chromium catalysts which, analogous to zinc-chro

mium catalysts, can be divided into two basic groups: synthesis from solid

oxides of zinc and copper and an aqueous solution of chromic acid or ammo

nium dichromate'7- l7, 18) and synthesis by co-precipitation of hydroxides

or carbonates of zinc, copper and chromium, or only zinc and copper and

by impregnation of the obtained compound with an aqueous solution of

chromic acid"- 13- 14 ■ 15).

Investigations of these catalysts have been focussed on determination

of the optimum component ratio and explanation of the role of chromium

oxide in the complex system (17).

Few data are available in the literature concerning the influence of the

sequence of mixing and conditions of precipitation of the components on

phase transformation in the system during its treatment and reduction*7- 13).

This problem is important because during catalyst production different bi

13
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nary systems of zinc and chromium oxides and copper and chromium oxides

and interreaction products such as chromates and chromites can be formed,

thus contributing in different ways to the final activity of the catalyst.

The papers of Charcosset, Bielansky, Deren et al., <2> 3- 4- 5» report on

the kinetics and mechanism of chromite formation of zinc, copper, nickel

and other elements. The aim of these authors was to explain the gradual

formation of the spinel structure of chromites starting from the solid oxides

for a number of bivalent metals, which does not correspond to the synthesis

of catalysts.

For a more detailed explanation of the processes taking place during

the formation of a zinc-copper-chromium catalyst in different atmospheres,

it is advantageous to investigate the characteristics of corresponding binary

mixtures obtained by the same procedure as that used for the three-compo

nent system.

The investigations presented in this paper were performed on binary

mixtures of zinc and chromium and copper and chronrum obtained in two

ways: by impregnation of copper of zinc oxides with an aqueous solution

of chromic acid, and by co-precipitation of hydroxides of the corresponding

elements. The transformations taking place during the thermal treatment of

synthesized samples in air were observed by thermogravimetry, differential-

-thermal analysis and by measuring the electrical conductivity as a function

of temperature.

The effect of the mode of synthesis on textural properties of the binary

systems was determined by measuring the specific surface and real density

of unannealed binary mixtures.

There are no systematic data on the thermal processes taking place in

the system in which zinc oxide is impregnated with chromic acid in the stoi

chiometric ratio 1:1 or 1:2. Most available data concern industrial two-

-component catalysts for methanol synthesis'9- l7- l9- 21) or data for thermal

processes in inert atmospheres'9- 10- 12 • 16- 2°-22) in hydrogen, or in a reduc

tive mixture of gases"". For the system in which copper oxide is impreg

nated with chromic acid, there are no data on thermal analysis. More data

are available on precipitated hydroxides of zinc and chromium" - 6- 17 • 20 • 21>,

but neither in this case has the influence of the stoichiometric component

ratio been investigated. For the system of cooper and chromium hydroxide,

the available data are'5 l9) inadequate.

The dependence of the conductivity of oxides of copper, zinc and chro

mium on synthesis procedure, temperature and sintering time, time of re

hydration, and amounts of impurities has been investigated in a number

of works.

The conductivity of these systems has also been investigated as a

function of temperature in different atmospheres and as a function of oxygen

partial pressure'". The electric conductivity change during the formation

of some spinels, such as zinc-chromium, zinc-iron, magnesium-chromium,

etc., by reaction in solid state between corresponding oxides, has been the

subject of many papers of Bielansky, Deren and others'2- 3- 4- 8). However,

there are no data on the conductivity change during the formation of copper

and zinc chromites from corresponding binary systems obtained by impreg

nation of oxides with chromic acid or by co-precipitation of hydroxides,

in any ratio of the corresponding elements.
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Synthesis of samples

The synthesis of binary mixtures by impregnation was performed with analytical

grade substances. Crystalline zinc oxide or powdered copper oxide was impregnated with

a 30% chromic acid solution. The paste obtained was homogenized one hour at room

temperature and dried 24 hours at 110 C. The compounds of hydroxides of the corres

ponding elements were precipitated from a 25% solution of copper, zinc and chromium

nitrate using a 15% solution of NaOH.

Zinc and chromium hydroxides were co-precipitated up to pH 6.8 and copper

and chromium hydroxides up to pH 6.6. The hydroxide precipitate was washed with di

stilled water until complete separation of nitrates and then dried 24 hours at 1 10°C.

The amounts of the starting substances during synthesis by impregnation and by

precipitation were calculated to get a molar ratio of Zn/Cr and Cu/Cr 0.5, corresponding

to chromites, or 1, corresponding to chromates.

In the precipitated binary system, the obtained ratios were checked by chemical

analysis. Their values are shown in Table I.

TABLE I

Calculated and Obtained Ratios of Elements in Nonrcduced Binary Systems Dried at I I0°C

Sample

No.

Calculated catalyst

composition

Weight ratio Cr/Zn or Cr/Cu

calculated determined

S-1 ZnO^CrCylS^r^O 1.59 1.40

S-2 ZnO-Cr03-12.8H20 0.79 0.66

S-3 Zn (OH),- 2 Cr(OH)3- H20 1.59 1.60

S-4 Zn(OH)-Cr(OH)3-H20 0.79 0.65

S-5 CuO-2Cr03-25.7H20 1.63 1.70

S-6 CuO-CrO,- 12.8 H20 0.81 0.78

S-7 CuO (OH)2-Cr(OH)3-H20 1.63 1.53

S-8 CuO (OH)2-Cr(OH)3-H20 0.81 0.82

Textural properties

The real density was measured by the pyenometric method. Specific surface was

determined by nitrogen adsorption at the temperature of liquid nitrogen by the BET

method. Results for nonrcduced mixtures are shown in Table II. Precipitated samples

have considerably larger specific surfaces than zinc and copper oxide mixtures obtained

by impregnation with chromic acid.

Mixtures with a chromium to bivalent metal ratio — 2 have a smaller surface area

than those in which this ratio is I. This difference is more pronounced in precipitated

samples.

TABLE II

Density and Specific- Surface of Binary Systems

Sample

No.

Real

density

gjem1

Specific

surface

nrjg

Sample

No.

Real

density

g/cm*

Specific

surface

m*lg

S-1

S-2

S-3

S-4

3.01

3.26

2.58

2.74

1 S-5

S-6

S-7

2.9 3.12

3.50

2.66

2.68

7.25

85.5

150.0

6.:

S-S

65

is?
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Thermal analysis

The thermal behavior of all samples was observed by the thermogravimetry (TG)

method and differential thermal analysis (DTA).

All samples were first dried at 110°C. TGA was performed in air on a Stanton

apparatus, at a heating rate of 4°C/min, in the interval from room temperature to about

700°C. DTA was performed in air at a heating rate of 12.5°C/min and in the interval

from room temperature to about 900°C, with alumina as standard substance. The mea

surements were carried out with a Stanton Standata-6-25.

In analysing the thermograms, we tried to determine the influence

of the method of binary system formation, the stoichiometric component

ratio, and the chemical nature of the metallic oxide, on thermal processes.

The TGA shows that in the investigated temperature interval processes

in impregnated catalysts involve more stages than in precipitated catalysts

which have a continual loss of weight. The thermogravimetric curves of

an impregnated and a precipitated sample of zinc and chromium with a

ratio of 0.5 are presented in Fig. 1.

 

 

Fig. 1.

Thermogravimetric curves for an impregnated and a precipitated sample with the atomic

ratio Zn/Cr= 0.5.



17

The DTA did not show such pronounced difference in the thermal

changes occurring in samples. It was noted that precipitated hydroxides

exhibited stronger effects of dehydration of both adsorbed and crystalline

water, completed at 350— 380°C. In impregnated catalysts these processes

end at about 300°C. These effects also differ within the region from 450 to

550°C. In impregnated catalysts, endothermal effects of chromate and chro-

mite decomposition are stronger, as is seen in Fig. 2. This figure presents

the DTA curves of an impregnated and a precipitated sample of zinc and

chromium with the ratio Zn/Cr=0.5.

S-l Impr.

DTA 3 k 500 fTOO 700 JOB— 900

DTA

 

Fig. 2.

Differential thermograms for an impregnated and a precipitated sample with the atomic

ratio Zn/Cr^0.5.

Weak exothermal effects of chromite spinel formation in the interval

560—900°C appear in almost all samples.

The influence of the ratio of chromium to the bivalent metal was ex

pressed by effects resulting from free excess of chromic acid or chromium

hydroxide. The endothermal melting effect of CrOs at 185 — 190°C was

not identified, because simultaneously dehydration processes also take place.

It is interesting to note that in all cases except one, there is a more or less

pronounced exothermal effect at about 400°C, which could be ascribed to the

decomposition of free Cr03(12), or to conversion of Cr (OH)3 into Cr203.

2
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This effect was only not found in the stoichiometric impregnated mixture

with Cu :Cr = 1 , which may imply that the reaction of chromate formation

is completed here during the preparation of the mixture. For this reason,

the effects of the beginning of chromate decomposition (at 450— 530°C)

and the end of decomposition of chromate into chromite (840— 900°C) are

strongly expressed in this case.

Figure 3 gives the DTA curves for impregnated copper and chromium

mixtures with the ratio Cr/Cu=l and 0.5.

 

Comparison of binary mixtures of chromium with zinc and copper

shows that analogous processes take place. They are only more differentiated

in systems containing zinc, which may be due to the difference in the sta

bility and the degree of ordering of the starting hydrated oxides or chro-

mates.

Electrical conductivity

The conductivity was measured during heating and cooling nonredu-

ced tablets of all samples in the temperature interval 100— 550°C in air

in vacuum of 10~3 mm Hg.
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Graphs are given of conductivity as a function of temperature during

heating in air for impregnated and precipitated mixtures. The binary mixtures

obtained by co-prccipitation have lower conductivity than those obtained

by impregnation in the entire temperature interval, which is also apparent

from the conductivity measurements during cooling.

Conductivity as a function of temperature for impregnated and pre

cipitated samples of copper and chromium with the ratio Cu/Cr=0.5 are

shown in Fig. 4.

 

U U 16 18 20 U 2.1 tfjtf

Fig. 4.

Electrical Conductivity as a Function of Temperature for an Impregnated and a Preci

pitated Sample with the Atomic Ratio Cu/Cr= 0.5.

The temperatures of inflections on the electric curves, which evidence

gradual occurrence of processes, differ slightly in the case of mixtures with

different component ratios. Figure 5 presents the graph of conductivity

2*
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against temperature for zinc-chromium mixtures obtained by impregnation

with the ratio Zn/Cr= 1 and 0.5.

Quite similar curves and inflection temperatures were obtained by

measurements in vacuum.

-109 5

A S- I (Zn/Cr • op

O S -2 IZn/Ci • I )

 

12 16 18 2.0 2 2 2.t 2.6

Fig. 5.

Electrical Conductivity as a Function of Temperature for an Impregnated Sample with

the Atomic Ratio Zn/Cr = 1 and 0.5.

CONCLUSIONS

The synthesis procedure considerably influences the density and spe

cific surface of the examined binary mixtures in accordance with the diffe

rences between hydroxides and oxides as their starting components. Impreg

nated systems show less homogeneity, expressed by discontinuous weight

changes during thermal treatment ; there is also a difference in the mode of .

chromate formation and in the degree of their conversion into chromites.

The considerably lower electrical conductivity for precipitated binary

mixtures and the different dependence of conductivity on temperature than

found with corresponding mixtures obtained by impregnation indicate dif
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ferences in the structure of these mixtures when formed in air up to 450°C,

which may also be important for the final structure of the three-component

catalyst for methanol synthesis.

Comparison of the conductivity measurements and results of thermal

analysis shows agreement in the characteristic temperatures of each transfor

mation, as is seen in Fig. 6.

There is also agreement in the graduation of transformations in impreg

nated as compared to precipitated binary mixtures.

TO

DTA

 

Fig. 6.

Comparison of results obtained by thermal analysis and by electric conductivity meas

urements.

The influence of the stoichiometric ratio of chromium to the bivalent

metal is expressed not only by the difference in water loss from synthesized

samples, but also by the nature of the thermal effects.

SUMMARY

In order to explain the processes taking place in the three-component

catalyst for methanol synthesis during its formation and treatment, investi

gations were made of some characteristic binary systems of zinc and chro

mium and copper and chromium obtained by impregnation of zinc and copper
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oxides with an aqueous solution of chromic acid and by co-precipitation of

hydroxides of corresponding elements from nitrate solutions. The ratio

of elements in the resulting binary systems corresponded to the stoichio

metric ratio required for the formation of 7inc and copper chromates and

chromites.

Processes occurring as the result of each transformation or interreac-

tion of these components during thermal treatment of mixtures were follow

ed by DTA, TGA and electrical conductivity measurement.

The results indicate differences in the formation processes of impreg

nated and precipitated samples and to an influence of the stoichiometric

composition of the mixture. The effect of the chemical nature of the bivalent

metal is less pronounced.

Institute of Chemistry, Received 25 December 1970

Technology and Metallurgy,

Department for Catalysis

Belgrade •
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CHROMITE FORMATION
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Our previous investigations'1* of the binary systems of zinc, chromium

and copper oxides showed that the method of synthesis and the stoichio

metric ratio of the bivalent metal to chromium influence the textural charac

teristics and the formation processes occurring during the thermal treat

ment of samples. The differences in electrical conductivity resulting from

these effects imply that these factors also bring about different structural

transformations.

Cont-nuing a systematic study of a complex catalyst for methanol syn

thesis, further investigations have been made of a three-component system

whose composition was chosen such that the amount of zinc and chromium

corresponded to the stoichiometric ratio required for the formation of chro-

mites, as the final form in which chromium binds to the bivalent metal in

this catalyst.

Synthesis of samples

All investigated samples were synthesized by the impregnation method and by

hydroxide co-precipitation, from the same starting substances and under the same condi

tions of solution concentration, pH of precipitation and temperature as in the preparation

of binary systems'1).

In the synthesis of the first group of catalysts by impregnation, the sequence of

component addition was varied.

The second group of samples was synthesized by precipitating two components

together in the form of hydroxides then adding the third as a separately precipitated

hydroxide. Different pairs of co-precipitated hydroxides were chosen in such a manner

that each of them corresponded to one of the binary systems. One of the samples was

obtained by co-precipitation of all three hydroxides. The modes of synthesis are shown

in Table I.

The three-component catalysts were investigated by the BET, TG and DTA

methods and by electrical conductivity measurements, the procedures being the same

as in the case of binary systems.

25
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TABLE I

Synthesis Procedures of Zinc-Copper-Chromium Catalysts

Sample Procedure

(oxide impregnation)

Sample

No.

Procedure

(hydroxide precipitation)No.

M-l (ZnO + CuO)fCrOsaq M-5 [Zn(OH), + Cu(OH)J f Cr(OH)3

M-2 (ZnO+CrO, aq) + CuO M-6 [Zn(OH), + Cr(OH)3] + Cu(OH),

M-3 (CuO i CrOa aq) 1 ZnO M-7 [Cu(OH), + Cr(OH)s] + Zn(OH)t

M-4 (ZnO 1 CrO,f CuO)+H10 M-8 (Zn(OH),+ Cr(OH), + Cu(OH),]

The chemical composition of the samples dried at I10°C was in satisfactory

agreement with the calculated ratio of bivalent metal to chromium. Slight differences

between the calculated and found values can occur in the case of precipitated samples

because the elements do not precipitate in the expected ratio, as the result of slight dif

ferences in pH.

Textural characteristics

Values for the specific surface and real density given in Table II,

are in agreement with the conclusions derived for binary systems.

TABLE II

Real Density and Specific Surface of Zinc-Copper-Chromium Catalysts

Sample

No.

Real

density

Specific

surface
Sample

Real

density

glem*

Specific

surface

m'lgglen? m'lg
No.

M-l 3.52 1.9 M-5 2.73 144

M-2 3.40 2.0 M-6 2.70 113

M-3 3.49 6.0 M-7 2.65 111

M-4 4.58 5.7 M-8 2.75 106

The real densities of samples obtained by impregnating a mixture

of zinc and copper oxides with an aqueous solution of chromic acid differ

slightly, varying between 3.40—3.53 gjem3. Catalyst M-4, whose density

is considerably higher, is an exception. It is obtained by mixing oxides and

chromic acid in dry form and then preparing a paste with the same amount

of water as used for preparing an aqueous solution of OO3. This may be
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ascribed to the weaker binding of water when added to both dry oxides

and chromic acid than when added to metal oxides by impregnation with

a solution of chromic acid.

As expected, catalysts obtained by hydroxide precipitation had slightly

lower real densities which are also close to each other, varying from 2.65

to 2.75 g/cm3, which corresponds to metal hydroxides such as zinc, copper

and chromium.

The specific surfaces of these two groups of catalysts differ consid

erably. Samples obtained by impregnating mixed oxides with chromic acid

had small specific surfaces, of the order of a few m2lg. Such small specific

surfaces are also obtained in binary mixtures synthesized by impregnation,

which is in agreement with the small specific surfaces of the starting metal

oxides.

Specific surfaces of precipitated catalysts are much higher, exceeding

1 00 m2jg. Hydroxides of chromium, copper and zinc have much larger sur

faces than oxides and, taking into account the synthesis procedure, the slightly

larger specific surface of sample M-5 may be ascribed to the effect of the lar

ger surface of the free part of the chromium hydroxide.

Thermal treatment

The literature does nor offer data on the DTA or TGA of three-com

ponent systems of zinc and copper hydroxides or oxides with chromium

hydroxide or chromic acid. The only paper dealing with the thermal analysis

of a three-component catalyst presents results of thermodesorption chro

matography with helium as carrier*7- 8), but it does not describe the proce

dure for catalyst synthesis. A certain number of papers report on two-com

ponent catalysts for methanol synthesis obtained from zinc and chromium

compounds by various procedures*1 • 2> 6> 9- 12, 15, 16, 17). A few papers give

results from the thermal analysis of a mixture of chromium and copper

oxides*3- 4- 5- 10>.

Our TGA of three-component catalysts has shown the following:

There is a considerable difference in behavior between catalysts obtained

by the impregnation method and those obtained by precipitation. A common

characteristic of both groups is loss of weight over the whole temperature

range investigated (from room to 700°C). In the case of catalysts obtained

by precipitation, the loss of weight proceeds in two phases: the first one,

which is faster and longer, ends at about 350— 390°C and is immediately

followed by the second which continues up to 650 or even 700°C. The weight

loss of catalysts obtained by impregnation proceeds in five or six steps with

different rate and intensity.

Figure 1 shows thermograms of an impregnated and a precipitated

sample.

This may also imply less homogeneity of impregnated catalysts. The

steps below 350°C correspond to the loss of adsorbed and structural water,

while at higher temperatures there is release of oxygen from chromic acid,

or from the chromates produced. Identification of each phase requires gas

analysis of products and chemical analysis of the residue of the catalyst.
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It has been noticed that impregnated catalysts reach constant weight af tem

peratures about 100°C lower than do precipitated catalysts.

 

In precipitated catalysts there is no difference which could be ascribed

to the co-precipitated or subsequently added hydroxides. In the group of

impregnated catalysts the sample in which dry oxides were first mixed with

anhydrous chromic acid and then a paste made with water stands out. This

sample has fewer steps than other impregnated samples up to about 350°C

and almost all processes proceed more slowly, as is seen in Fig. 2.

The DTA on the whole confirms and to some extent explains the above

observations. In the group of impregnated catalysts, the catalyst obtained

by mixing dry component again stands out; it shows no thermal effects

between 230 C and 470°C and the effect up to 230°C is slower and of

less intensity.

In general, impregnated catalysts show three endothermal effects:

at about 180°C (max. at 230°C), about 250°C (max. at 280°C) and at about

470°C (max. at 580°C). In the region of 420°C, some samples also show
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a slight exothermal effect which may correspond to the crystallization of

small amounts of chromium oxides.

The first endothermal effect appears in the temperature interval in

which dehydration and melting of unreacted anhydrous chromic acid

take place simultaneously, so these two effects, in standard thermal analysis,

cannot be distinguished.

• lag mg

100 200 300 tOO SOO 600
 

Fig. 2.

Influence of Sequence of Mixing Components on the Thermogravimetric Changes in

Impregnated Samples.

In the region of the second endothermal effect, strongly bound water

is released and the chromates formed on the first contact of the components

begin to decompose. The weak exothermal oxidation of chromic acid which

takes place in this region in case of pure acid cannot be identified because

it is masked by stronger endothermal effects. The third endothermal effect

corresponds to complete decomposition of chromates to chromites.

The differential thermal analysis shows that the formation processes

in precipitated samples are different from those in impregnated samples. Be

sides the two endothermal peaks, at about 70°C (max. 1 1 0°C) and 1 80°C

(max. 220°C), which correspond to the removal of weakly and strongly bound

water from hydroxides, there is also a strong exothermal effect starting at

about 330°C (max. 380°C) which corresponds to the formation of zinc chro-

mites<6). At temperatures exceeding 400°C there occur a number of simul
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taneous but thermally weaker processes; a weak endothermal effect only

becomes evident at about 500°C; it is the decomposition of the remaining

copper chromates.

Graphs with characteristic thermal effects taken from original ther

mograms are presented in Fig. 3.

• 1*1

M - 2 Impr. 

Fig. 3.

DTA of an Impregnated and a Precipitated Sample.

The thermal effects mainly correspond to characteristic changes ob

served by the thermogravimetric and DTA of the corresponding binary

system*131. There is no strong exothermal effect at about 420°C which, in

the copper-chromium system, is ascribed to the crystallization of chromium

oxide; in three-component systems there is only a slight dip or retardation

of the process in this region.

Electrical conductivity

Few papers have been published which deal with the electrical con

ductivity of catalysts for methanol synthesis. R6hlander<14> investigated a

two-component zinc-chromium catalyst with the ratio Cr/Zn= 0.4, during

activation and sintering. Measurements in different atmospheres have shown

that p-type semiconductance predominates. The electrical conductivity and

catalytic activity of the three-component catalyst CuO-ZnO-A^Oa in an
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inert and a reducing atmosphere and during the reaction of methanol syn

thesis, has been investigated by Kotowsky(11>. However, there are no data

available concerning the conductivity of a system containing chromium

trioxide as the third catalyst component for methanol synthesis.

Our investigations included measurements of conductivity during heat

ing and cooling tablets of nonreduced samples in the temperature interval

of 100— 550°C. The measurements were carried out in air by the procedure

described in our earlier paper*13'.

On heating, two inflections were observed on the curve of conductivity

as a function of temperature : at between 200 and 300°C and at 450°C. In

the temperature interval between these two inflections the conductivity

sharply increased in all the impregnated samples.

Catalysts obtained by precipitating hydroxides of zinc, copper and

chromium differ in the mode of conductivity change from those obtained

by impregnation. Figure 4 shows conductivity as a function of temperature

for two impregnated samples, M-3 and M-4, and for two precipitated

samples, M-7 and M-8, during heating in air.

 

~ u u 5 5 to 5!5 H j/r^'

Fig- 4.

Electrical Conductivity as a Function of Temperature during Heating of Samples of

Impregnated and Precipitated Catalysts in Air.
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Samples obtained by precipitation had lower conductivity than those

obtained by impregnation. During heating this difference is apparent the

catalysts to higher temperatures, while during cooling it is evident over

the whole temperature interval investigated. The behavior of the conduc

tivity during cooling is shown in Fig. 5.

0 M-3 impr

» M-* impr.

• M-7 pttc.
 

6

' u u ii 5 io u u ^T10'

Fig. 5.

Electrical Conductivity as a Function of Temperature during Cooling of Samples of

Impregnated and Precipitated Catalysts in Air.

The conclusions which can be derived from the conductivity measu

rements are in agreement with the thermal analysis regarding the differences

in the processes taking place during the formation of impregnated and pre

cipitated catalysts. This is illustrated by the graphs in Figs. 6 and 7, which

show the conductivity and thermal changes for an impregnated and a pre

cipitated sample.

The behavior of the three-component system with the content of

chromium required for the formation of zinc chromites implies that processes

which take place during the thermal treatment of these systems cannot be

described only by simple additivity of the processes occurring in correspond

ing two-component systems of zinc and chromium and copper and chro

mium, but also involve mutual interactions of all components.
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Fig. 6.

Gomparison of the Thermal Characteristics and Electrical Conductivity of an

Impregnated Catalyst.
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Fig. 7.

Comparison of the Thermal Characteristics and

Electrical Conductivity of a Precipitated Catalyst.

3
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SUMMARY

i

As part of a systematic study of a complex catalyst for methanol syn

thesis, investigations have been made of a three-component system of zinc,

copper and chromium, containing zinc and chromium in amounts correspond

ing to the stoichiometric ratio required for chromite formation. The compo

sition of these catalysts has the following formula: ZnO • 2CrOs • 0.5 CuO.

Measurement of the electrical conductivity as a function of tempera

ture in air, DTA and TGA have confirmed differences in the mode of for

mation of precipitated and impregnated samples observed in the investi

gations of two-component systems. Processes taking place during the thermal

treatment of three-component systems cannot be explained by simple addition

of the processes occurring in corresponding two-component systems.

Institute of Chemistry, Received 25 December 1970

Technology and Metallurgy,

Department of Catalysis

Belgrade
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COMPOUNDS OF CADMIUM CHLORIDE WITH

METHYL- AND DIMETHYLQUINOLINES

by

KOSTA I. NIKOLIC, KSENIJA R. VELASEVlC,

and ANDELIJA B. DUKANOVIC

Borsbach'1* synthesized a number of compounds of heterocyclic bases

with different metals, including a compound of quinoline with cadmium

chloride. Gode et a/.<2'3-4' synthesized complex compounds of cadmium

cyanide with quinoline and other organic bases and with a number of alka

loids. The structure of these complexes was determined by UV spectra and

X-ray diffraction.

In further work on the reactivity of the quinoline ring with different

metals*5- 6) we synthesized compounds of cadmium chloride with 2-, 4-,

6- and 7-methylquinoline and with 2,3-, 2,4-, 2,5- and 2,6-dimethylquinoline.

The composition of these compounds was determined by elementary analysis,

and their structure by IR and UV spectra and fluorescence.

EXPERIMENTAL

(a) Synthesis — The compounds were obtained by adding an appropriate amount

of ethanol solution of cadmium chloride to an ethanol solution of the quinoline bases.

The immediately resulting white precipitates were washed with a water-ethanol mixture.

(b) Composition of Compounds — Cadmium was determined by the complexometric

method, chlorides by potentiometric titration, and nitrogen by elementary analysis.

(c) Apparatus — Absorption spectra were taken on a Beckman DU-2 spectro

photometer. IR spectra were recorded on a Perkin-Elmer model 237 grating spectrograph.

Fluorescent spectra were determined on an Aminco Bowman spectrofluorometer.

RESULTS AND DISCUSSION

Analyses established that these compounds have a 1 : 1 ratio of quino

line base to cadmium chloride.

To confirm the hypothesis that the nitrogen in cadmium compounds

with methylquinolines is coordinately bonded with cadmium, IR spectra

of the methylquinoline, methylquinoline hydrochloride and cadmium chlo

ride compounds with methylquinolines were recorded and compared with

the IR spectra of the corresponding quinoline compounds. Also recorded

was the IR spectrum the compound of manganous chloride with quinoline

3* 35
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for comparison, since Dash and Rao(7) established that this is a complex

type compound, with a a-bond between the nitrogen donor and the man

ganese ion. IR spectra of the compounds were recorded in an emulsion of

hexachlorobutadiene and in KBr tablets.

In the region 1620— 1560 cm-1 quinoline has 3 characteristic bands(8).

On protonization of the nitrogen atom these bands show a hypsochrome

shift (15— 35 cm-1), whereas this movement is much less pronounced in

the compounds of quinoline with manganous or cadmium chloride.

The IR spectrum of quinoline hydrochloride (emulsion in hexachloro

butadiene) has a distinct wide band with a maximum at 2500 cm-1 (ammo

nium band) and 3 absorption bands of medium intensity (imonium bands)*9',

with maximums at 2030, 1 960 and 1 930 cm'1. The ammonium band is not

marked in quinoline compounds with metallic chlorides. The imonium bands

of quinoline compounds with chlorides are of lower intensity and shifted

by an amount depending on the metal involved. For quinoline compounds

with cadmium chloride the maximums of these bands are at 1975, 1945 and

1910 cm-1, and for the compounds with manganous chloride at 1950, 1920

and 1890 cm-1. When these compounds with metallic chlorides also contain

HC1, their bands, irrespective of the metal involved, fall within the same

spectral region, 2000— 1910 cm'1. These bands are of lower intensity than

the corresponding bands of quinoline hydrochloride. Their maximums are

at 2000, 1980 and 1910 cm"1.

The IR spectra of methylquinolines are very similar to that of quino

line. Characteristic differences exist in the region 1600 cm-1. In this region,

all methylquinolines, like quinoline, have 3 bands. The difference lies only

in the intensity and position of these absorption bands, which change de

pending on the position of the substituents, i.e. determined by the capacity

of the substituents to accept electrons* 10>. For this reason we could not

detect any characteristic changes in this part of the spectrum as we could

in the spectra of quinoline and its compounds. The changes revealed by a

comparison of the spectra of quinoline and those of quinoline compounds

with metallic chlorides and quinoline hydrochloride were also observed with

methylquinolines, methylquinoline hydrochlorides and compounds of methyl

quinolines with metallic chlorides. For example, the characteristic ammo

nium band maximum of 4-methylquinoline hydrochloride was at 2380 cm-1,

whereas the characteristic imonium band maximums were found at 2095,

2005 and 1940 cm-1. For the compound of 4-methylquinoline with cadmium

chloride the ammonium band was not expressed and the imonium bands

were of low intensity and showed a bathochromic shift with maximums

at 1970, 1920 and 1900 cm *. The same imonium band shifts were also

observed for the compound of dimethylquino'ine with cadmium chloride.

It was found that the spectra of quinoline base compounds with metallic

chlorides clearly differed from those of quinoline salts where quinoline

occurs as quinolinium ion. In the former there is probably a cadmium-

-nitrogen bond.

The properties of these compounds in solutions were investigated by

absorption UV spectrometry. We found that dilute ethanol solutions of

the synthesized compounds and solutions of corresponding pure quinoline

bases had the same UV spectra. Thus it may be concluded that the syn

thesized compounds behave as true complexes only when they are in the
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solid state. This was also noted by Gode<4> for complexes of cadmium cyanide

with quinoline; he that solutions contained molecular associates of quinoline

and cadmium cyanide.

The fluorescent spectra were characteristic for every synthesized com

pound (in solid state). They consist of a wide band in the violet-blue region.

The spectral distribution of fluorescent spectra can be expressed by the

formula

G/(\-G/|v ordinates for wave numbers — or —

From the experimental results the characteristic constants a and Go

can be calculated for each compound. These constants, together with the

fluorescent maximum, can be used for analytical characterization of the

synthesized compounds. They are given in Table I.

TABLE I

Constants

Maxima of

fiuor. spec,

(nm)

Compound Mol. ratio Exc* oc logG0

4-MethylquinoIine f CdCl2 I 1 350 440 0.00317 1.995

6-Methylquinoline + CdCl 2 1 1 320 420 0.00287 2

7-Methylquinoline + CtfC/2 1 I 360 430 0.00206 2

2, 3-Dimethylquinoline + CdClt 1 1 320 430 0.00225 1.996

2, 4-Dimethylquinoline + CdCl3 1 1 335 405 0.00316 2

2, 5-Dimethylquinoline + CdClt 1 1 355 450 0.00293 1.984

2, 6-Dimethylquinoline+ Cc/C/j 1 1 340 430 0.00221 1.995

* Exciting wavelength (nm)

SUMMARY

The compounds of cadmium chloride with 2-, 4-, 6- and 7-methyl-

quinoline, as well as with 2,3-, 2,4-, 2,5- and 2,6-dimethylquinoline are

synthesized. The analysis proved that the ratio of the quinoline base and

cadmium chloride in all the compounds is 1:1. All the investigated compounds

in solid state show fluorescence. The properties of these compounds were

investigated both in IR and UV absorption spectra and fluorescence. The

constants are given which may be used for the analytic characterization of

the synthesized compounds.

Institute of Physical Chemistry Received 7 April 1971

School of Pharmacology

Belgrade University
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ACIDS OBTAINED BY ALKALINE HYDROLYSIS OF KEROGEN

FROM THE GREEN RIVER (COLORADO) SHALE
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and DRAGOMIR K. VITOROVIC**

As reported in our previous paper, a stepwise oxidation of Green River

shale kerogen with alkaline permanganate converted approximately 70% of

the organic material in kerogen into soluble acidic products (1). The major

components consisted of saturated, unbranched aliphatic (Cs to C27), satu

rated dibasic (Q to C17), and isoprenoid acids (C9, C12, C14—C17, C19— C22).

On the basis of the results obtained in this study it was suggested that Green

River shale kerogen consisted of a "nucleus" of interconnected aliphatic

methylene bridges to which unbranched and isoprenoid chains are attached

in such a manner that would be susceptible to oxidation or alkaline hydro

lysis. A determination of those products from only alkaline hydrolysis was

thought would indicate the presence of ester functions or other base labile

functional groups, and thus give additional information concerning the struc

ture of this kerogen.

Previous hydrolysis experiments on Green River shale or its kerogen

has established the presence of ester moieties corresponding to approxi

mately 25% of the oxygen in the kerogen (Robinson and Dinneen) (2).

Other reports of Green River shale hydrolysis have been primarily

concerned with the quantitative aspects of kerogen analysis, rather than a

detailed characterization of the products obtained by hydrolysis (3, 4).

Lawlor and Robinson (5) have reported the idenrfication of C10 to C35 acids,

which amounted to approximately 1% of the organic material, obtained in

the hydrolysis of Green River kerogen.

Kerogens from other sources have been investigated by alkaline hydro

lysis. Burlingame et al. obtained 5.6 mg and 12.0 mg upon saponification

of 100 # of Alaskan and Tasmanian tasmanite, respectively, with potassium

hydroxide in methanol (6). A detailed characterization of the products,

which had been obtained in rather low yield, was performed : Alaskan kero

gen hydrolysis produced saturated, unbranched (C5 to C24), dicarboxylic

(C4 and C5), and keto acids (C6 and C7), as well as phenols (C13 to C15) and

some aromatic acids; Tasmanian tasmanite kerogen produced saturated,

* Present address: Faculty of Agriculture, Zemun, Yugoslavia.

** Present address: Department of Chemistry, Faculty of Sciences, P.O. Box 550,

Beograd, Yugoslavia.
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unbranched (Cs to Ci6), dicarboxylic (C9 to C17), and keto acids (d to Q,),

and phenyl dicarboxylic acids (Cg to C12). Kerogens from other shales have

also been alkali treated (7—10); however, identification of the hydrolysis

products was not reported.

The following experiment was carried out in order to identify those

acids liberated by the hydrolysis of Green River kerogen and to obtain semi

quantitative information. In a few previous reports the hydrolysis of raw

shales rather than the kerogen itself has been performed. Therefore, it

was thought that a detailed characterization of acids from the hydrolysis

of a sample of Green River kerogen concentrate (i.e., raw shale which had

been exhaustively extracted with neutral H2O, basic H2O, and benzene:

methanol) would produce more valuable data concerning the presence of

ester moieties in Green River kerogen and thus lead to a further elabora

tion of rhe kerogen structure.

A sample of kerogen concentrate (0.8386*, 23.8% inorganic material),

the same sample used in the oxidative experiment (1), was refluxed for 24 hr

with 8* of potassium hydroxide in 120 ml of methanol. The hydrolysis

products were extracted according to the following scheme:

Kerogen concentrate

0.8386 £ (0.6390 * organic matter)

EXPERIMENTAL

8* KOH and

120 m/ MeOH

alkaline solution

Solid residue

0.8043 #

(25.83% of ash) CH2CI2 extract alkaline solution

FRACTION 1

(0.0120*)

acidified

(pH 2)

neutrals

CH2CI2 acid solution

extract

FRACTION 2

(0.0202*)

acids

Et20

extract

FRACTION 3 Discard

(0.0143*)

acids
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The acidic products totaled 5.4% and the neutral products 1.8%

of the original organic material in the kerogen sample.

The acidic products were methylated with ethereal diazomethane.

The separation and identification of the methylated hydrolysis products

was performed in a similar way as described in the oxidation experiment

using a gas chromatograph — mass spectrometer — computer system (11).

The gas chromatograph (Varian Aerograph Model 600) was used with a

5' x 1 /8", 1 % SE-30 on Chromosorb W glass column and temperature

programmed from 70 to 300° at 10°/min. Mass spectra (from m/e 28 to

600) were recorded continuously during the entire period of the gas chro-

matogram at four second intervals and stored in the computer. The mass

spectrometer employed was a Hitachi RMU6-D, a 90° sector, magnetic

scanning instrument. The computer was an IBM 1800 system. When the

gas chromatogram of the product was completed, all the spectra stored

were converted into tables of mass vs. intensity.

Further computer processing of the data greatly facilitated the identi

fication of the individual components. For example a plot of the summation

of the intensity of every ion in each separate mass spectrum versus the spec

trum index number (Fig. 1) allowed direct correlation of the mass spectral

data and a conventional flame ionization detector recording. Identification

of individual components was performed by computer searching and com

paring mass spectra in a large library of authentic spectra with those from

the individual gas chromatographic peaks. Also plotting of significant masses

(as described previously) and utilization of the gas chromatographic reten

tion times contributed to the identifications.

RESULTS AND DISCUSSION

The gas chromatogram (total ionization plot) of the combined methyl

ated acidic products (fraction 2 and fraction 3) is shown in Fig. 1. The

products obtained in a procedural blank (0.0039 g) were analyzed in the

same manner, and the major components (e. g. phthalates) are labeled in

Fig. 1 as "b".

As shown in Fig. I, the following homologous series were found:

unbranched aliphatic acid esters from Q to C25, exhibiting a maximum at

Cie (notice also that the even carbon number acid predominates over the

next higher odd carbon number acid), straight-chain dibasic acid methyl

esters ranging from Ce to Ci5 and exhibiting a maximum at C10 to Cn,

isoprenoid acid methyl esters from C14 to C19, iso acid esters (mono methyl

branched at the penultimate carbon atom) Cn to Cie and two mono-unsatu-

rated fatty acid esters Cia and Cis. The position of the double bond was

not determined.

The types of acidic products obtained by oxidative degradation were

essentially the same as those from alkaline hydrolysis, although the yields

are very different (70% and 5.4% respectively). Most of the ester linkages

of kerogen probably consist of unbranched and isoprenoid monocarboxylic

acids as side chains, as well as some diester bridges. If one takes into consid

eration the distribution of the oxygen functional groups in Green River

kerogen as reported by Fester and Robinson (3), to some extent the dicar-
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boxylic acids could also be present esterified at only one carboxyl group

while the other group might be a free acid or a metal salt in the kerogen

matrix.

The results of this experiment are in good agreement with the previ

ously suggested kerogen structure (1). The identification of the two unsat

urated fatty acids (Qe and Cis) in fairly high concentration as well as the

iso acids in the hydrolysis products of this kerogen, suggest that these struc

tures, along with some isoprenoid, dibasic, and unbranched, saturated acids,

are likely on the periphery of the kerogen matrix. Combining these results

with the results of the permanganate oxidation study, allows expansion of the

proposed structural features of kerogen to include ester linkages, involving

unbranched acids, isoprenoid acids, iso acids, dibasic acids, and unsatu

rated acids schematically illustrated in Fig. 2.

 

Fig. 2.

A diagram of Green River kerogen structure consistent with the hydrolysis and oxidative

degradation experiments

ABSTRACT

In order to obtain more information concerning the branching points

or interconnections within the Green River shale kerogen, acidic products

of alkaline (methanol-potassium hydroxide) hydrolysis were investigated.

Methyl esters of all acids were analyzed using a gas chromatograph-mass

spectrometer-computer system. The following acids were identified : unbran
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ched saturated aliphatic acids (C9 to C25), saturated straight-chain dibasic

acids (Ce to C15), isoprenoid acids (C14 to C19 except Cis), iso acids (mono-

methyl branched at the penultimate carbon atom) (Cn to C16, except On),

and two mono-unsaturated fatty acids (Cie and Qg).

On the basis of results obtained, the previously proposed structural

feature of Green River kerogen is expanded to include ester linkages, invol

ving unbranched acids, isoprenoid acids, iso acids, unsaturated acids and

dibasic acids.

Department of Chemistry Received 29 June 1971

Massachusetts Institute of Technology

Cambridge, Massachusetts 02139
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THIN-LAYER CHROMATOGRAPHY OF ERGOSTEROL

AND ITS ESTERS

by

SLAVKO N. RASAJSKI and DUSANKA M. PETROVIC-DAKOV

INTRODUCTION

In investigating the solubility of ergosterol and its fatty acid esters,

we analyzed their purity by thin-layer chromatography. The literature

provides little data on Rt values for the esters ofergosterol with fatty acids'1-*,

although ergosterol has been investigated in different systems, such as on

silica gel*1-8', on AlgOs^-10' and paper(11-16>. We determined Rt values

for the esters of ergosterol with fatty acids of 2-16 C-atoms.

EXPERIMENTAL

(1) Ergosterol Esters

The esters were synthesized with ergosterol (BDH) purified by recrystallization

from a 4: 1 benzene: ethyl alcohol mixture, to achieve chromatographic purity. The esters

with saturated fatty acids were synthesized according to Kuksis and Beveridge*17', using

the acid chlorides. The esters with fatty acids of 2 to 10 C-atoms were synthesized using

the acid anhydrides, while for acids of more than 10 C-atoms the acid chlorides were used.

The acid chlorides were obtained by the method of Youngs et a/.<18> and the acid anhydrides

after Wallace and Copenhaver<">.

The esters obtained were purified by crystallization from suitable solvents and their

mixtures until the required purity for chromatography was achieved. Our data for the boiling

points agree with those in the literature, except for laurate (boiling point 1 1 3°C<">).

(2) Solvents

For the chromatographic determination of Rt values we used the following solvents,

previously purified: diethyl ether (p.a., Merck) boiling point 34—35°C, benzene (p.a.,

for the determination of molecular weights, Veb Berlin-Chemie) boiling at 80—81°C,

cyclohexane (for chromatography, Kemika) boiling at 81—82°C, tetrahydronaphthalene

(Carlo Erba), boiling point 205—207°C.

(3) Chromatoplates

Standard chromatoplates (200 x 200 mm), coated by means of a Desaga coating appa

ratus with silica gel G (Kemika, Zagreb) after Stahl, were used. The suspension was pre

pared by stirring 30 g silica gel in 60 ml distilled water. The layer thickness was 0.25 mm.

The plates were air dried for 15 min. The layer activated at 105°C for 1 h, then the plates

were stored in an exsiccator until use.
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(2) Development of Chromatograms

Individual esters or their mixtures were applied as a chloroform solution which con

tained 0.1—0.2 mg ester per 1 ml; the amount of ester applied was 10—20 y per spot.

Chromatograms were developed with the following solvents and pairs of solvents: benzene,

cyclohexane, diethyl ether, tetrahydronaphthalene, benzene :cyclohexane, benzene : tetra-

hydronaphthalene, cyclohexane: tetrahydronaphthalene, and cyclohexane: diethyl ether

(Table I). The temperature was 21—24°C, the lighting diffuse. The solvent front was 10 cm

wide and development time 25—65 min.

After development the plates were hot air dried, sprayed with 10% solution of phos-

phomolybdic acid in ethyl alcohol, and the spots obtained by heating at 105°C for 5 min:

the background was yellow and the spots grey-blue. The ergosterol spots

were circular and those of the esters elliptical. It was observed that when tetrahydron

aphthalene was used in mobile phase it was necessary to remove it all from the silica gel by

drying at 105°C for 45 min or the whole plate would dye dark grey-blue on developing,

making the detection of spots impossible.

DISCUSSION

(a) Ergosterol

The mobility of ergosterol on the silica gel layer was greatest in diethyl

ether (i?r=0.92), much less in benzene (7?f=0.10), and very low in tetra

hydronaphthalene (i?f=0.03). Ergosterol is not at all desorbed from silica

gel when chromatographed with cyclohexane (Rt=0.00) (Table I).

(b) Rt Values of Ergosterol Esters

The Rt's of ergosterol fatty acid esters (with 2, 4, 5, 6, 7, 8, 10, 12

and 16 C-atoms in the fatty acid molecule) in the investigated solvents are

far greater than those of ergosterol. The influence of the number of C-atoms

to the molecule is particularly great when it is 2 or 4. The Rfs of acid esters

with more C-atoms differ relatively little one from another. The differences

depend on the kind of solvent and its compositicn (Table I, Fig. 1).

Of the four single solvents applied, diethyl ether and cyclohexane

were least selective, incapable of separating individual esters (diethyl ether

can separate ergosterol from its esters, but cyclohexane cannot).

The influence of increasing number of C-atoms in the acid residue

of the esters on the Ri value agreed with the findings of other authors who

determined Rt values for esters of cholesterol*20-22', (3-sitosterol<23> and vita

mins D2 and D3<24;.

Benzene and tetrahydronaphthalene and all pairs of solvents (benzene:

: cyclohexane, tetrahydronaphthalene : benzene, tetrahydronaphthalene: cyclo

hexane, and cyclohexane : diethyl ether mixtures which contain less than

1 0 wo/% diethyl ether) are suitable for mutual separation of ergosterol fatty

acid esters with 2 — 5 C-atoms to the molecule, and for their separation

from ergosterol itself (Table I).

For the separation of ergosterol acid esters with more than 5 C-atoms

to the molecule, only mixtures of a certain composition are suitable : benzene :

: cyclohexane mixtures which contain between about 35 and 70 mo/% cyclo



XV
0.95O.Ofi 0.940.58 0.920.80 0.900.83 0.880.85

TABLEI

XIV 0.45 0.90

— — — — — — — —

XIII 0.92

— — — — — — — — —

XII

—
0.45 0.65 0.69 0.76 0.80 0.83 0.87 0.91 0.95

XI 0.03 0.32 0.52 0.58 0.64 0.71 0.78 0.82 0.85 0.89

X —

0.12 0.21 0.24 0.27 0.28 0.30 0.35 0.37 0.41

IX
—

0.14 0.24 0.23 0.31 0.35 0.38 0.42 0.45 0.49

VIII 0.02 0.18 0.31 0.37 0.40 0.47 0.50 0.53 0.58 0.63

VII
0 0 0 0 0 0 0 0 0 0

VI
0.01 0.10 0.18 0.19 0.21

—

0.24 0.26 0.28 0.32

v•
0.02 0.18 0.30 0.35 0.38

—

0.43 0.48 0.51 0.55

IV
0.03 0.21 0.37 0.44 0.49 0.52 0.55 0.60 0.65 0.70

III 0.04 0.31 0.52 0.59 0.65

—

0.72 0.77 0.82 0.87

n

0.06 0.44 0.68 0.75 0.82

—

0.89 0.92 0.94 0.96

I
0.10 0.70 0.90 0.93 0.94 0.95 0.96 0.98 0.93 0.99

Ergosterol

acetate
butyrate valerate caproate enantate caprilate caprinate

laurate

palmitate

— — — — — — — — — —

Rfofergosterolanditsesters.

SilicagelGafterStahl—Kemika,Zagreb

Solvents:

benzene

benzenercyclohexane

I
II

III
IV
V

VI

VIIcyclohexane

100mol.o/o

70.90:29.10mol.Vt 59.90:45.10mol.«/o 43.92:56.08mol.'/i 37.83:62.16mol.°/o 23.30:76.70mot.°/o

100mol.%>

VIIIcyclohexane:tetrahydronaphthalene55.64:44.36mol.'/i

IX
X

XItetrahydronaphthalene

XIItetrahydronaphthalene:benzene

XIIIdiethylether

XIVdiethylether.-cyclohexane

XV

65.30:34.70mol.Vo 74.17:25.83mol.°/o

100"/o

60.45:39.55mol.%>

100°/o

50.93:49.07mol.Vt 10.34:89.66mol.o/o
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hexane, and tetrahydronaphthalene : cyclohexane mixtures which contain

between 1 00 and about 25 mol% tetrahydronaphthalene.

It is noted that the investigated esters with even and odd numbers

of carbon atoms in the acid residue behave in the same way during chroma

tographic separation, that is their Rt values form a continuous curve, which

is not so with the solubility curve. This is like the behavior of the cholesterol

esters with the corresponding acids*22'. It also indicates the complexity of

 

Fig. J.

Rf of ergosterol and its esters with saturated fatty acids

I benzene

VII cyclohexane

XI tetrahydronaphthalene

XIII diethyl ether

the relationship between the solubility of a compound being chromatographed

and the stationary phase, and the relationship between the same compound

and a solvent.

Apart from the fact that the above mixtures of benzene and cyclohexane

proved to be suitable for the chromatography of ergosterol esters with
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C2—Ci8 saturated fatty acids, they had also proved in previous research

to be suitable as solvents which in certain ratios exhibited a solubility maxi

mum (Fig. 2).

 

20 30 tool % C6Hn tto

Fig. 2.

Dependence of the solubility maximum of ergosterol esters with saturated fatty acids on

the composition of the solvent mixture (CeHjiCjH,,)

(c) Rm Values for Ergosterol Esters

The calculated Rm values for the investigated esters (Fig. 3), instead

of the expected continuous linear functions of the number of CH2 groups

in the fatty acid(26), fit two separate linear functions, one for the esters with

4—8 C-atoms in the fatty acid moiety of the molecule and the other for

the esters with 8 — 16 C-atoms to the molecule.

4



50

Rm » lg(± - i)

 

Fig. 3.

Rm of ergosterol saturated fatty acid esters

I benzene

II benzene :cyclohexane 70.90:29.10 mol%

IV benzene :cyclohexane 43.92:56.08 mol%

XI tetrahydronaphthalene

XII tetrahydronaphthalene : benzene 60.45:39.55 mol%
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SUMMARY

Mixtures of ergosterol and ergosteryl fatty acid esters (with 2, 4, 5, 6, 7,

8, 10, 12 and 16 carbon atoms in the fatty acid molecule) have been chro-

matographed on thin layers of silica gel G. The best solvents for the sepa

ration are benzene : cyclohexane and cyclohexane : tetrahydronaphthalene

mixtures.
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Benzene : cyclohexane mixtures are more suitable than cyclohexane:

tetrahydronaphthalene mixtures, due to the low volatility of tetrahydronaph-

thalene. The molecules of tetrahydronaphthalene in the stationary phase

react with the phosphomolibdic acid reagent and make impossible the identi

fication of the spots.

The choice of the solvent mixture depends on the number of carbon

atoms in the fatty acid part of the ester molecule.

The Rm values of the esters form two separate linear functions —

one for the esters with 4—8 carbon atoms in the acid part of the molecule,

and the other for the esters with 8 — 16 carbon atoms.
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OSCIMHOMETER - A NEW DEVICE FOR ANALYSIS:

LAB AND INDUSTRIAL APPLICATIONS

by

OTTO KLUG, FERENC KOVACS, FERENC FARKAS,

and MARTON GOMBOS

During the development of automatic measuring and control systems

in the alumina industry, a way of determining individual components of

the aluminate solution was sought. In order to solve this problem, investi

gations were performed at the Research Institute for Nonferrous Metals,

and a measuring device based on conductivity measurements has been

developed. Part of this research work consisted in developing methods for

determination of cell parameters and measuring frequency in the conductivity

range of strong and concentrated electrolytes (to be found in the alumina

industry)'1'. An induction cell was used for the investigations, since the depth

of the electromagnetic field can be essentially higher and the measuring

frequency much lower (between 1 and 10 MHz) than with capacitive cells.

1. INVESTIGATION OF THE INDUCTION CELL

It can be seen from the publications concerning oscillometry*2' that

only about 10 measuring devices with induction cells have been developed.

Some of these titration devices have been devised for the titration of very

dilute solutions, others for special purposes and none are commercially

available*3-12'. A theoretical analysis and description of the induction cell

is given by Cruse'13'. From this equivalent transformer circuit Cruse derived

(with the determination of the magnetic flux) and expression for the cell

constant and introduced into the equations a factor depending on the cell

geometry. In the equations for this equivalent transformer circuit was in

troduced the effective selfinduction as a correction factor, and the approxi

mation further improved.

In an earlier publication'1' the determination of the size of the induc

tion cell as a function of material constants (specific conductance, dielectric

constant, etc.) was described in detail. With these constants, equations

describing the electromagnetic field generated in the solution can be derived.

These equations can be used to calculate the coil impedance, with a correc

tion factor introduced by us — the effective permeability. With the appli

cation of this method'14' it is possible to develop relatively simply new
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measuring cells for a given device. A measuring cell designed by this method

ensures the measurements with a given sensitivity in the corresponding

concentration (or conductivity) range.

2. DESCRIPTION OF THE OSCIMHOMETER

Together with the device for industrial purposes, we have developed

a transistorized precision conductometer for research and industry — the

Oscimhometer* (Fig. 1)<14>. The principle of the device consists in the

generation of a whirl current in the solution, in the induction cell, by means

of the magnetic field generated by the coil. By the reverse effect, this whirl

 

Fig. 1.

Oscimhometer — a laboratory device for conductivity measurements

current changes the inductivity and the resistive loss of the cell. These

changes are proportional to the changes in the specific conductance of the

solution to be tested. By proper choice of the measuring frequency it could

be attained, that the changes in conductivity cause a definite change in the

resistive loss. This measuring frequency is essentially lower (4 MHz) than

in high frequency titrating devices using capacitive cells for the study of

concentrated solutions of strong electrolytes. Then the frequency is of the

order of 1 00 MHz and at this frequency the penetration depth of the magnetic

field is about 1 mm, while in the case of the oscimhometer it is 80— 100 mm,

which means that practically the whole cross section of the solution parti

cipates in the conduction'15'. This fact is specially advantageous for the

investigation of pulps, suspensions, opaque solutions etc.

* Oscimhometer OK- 105, exported by Metrimpex, Department for Laboratory

Devices, Budapest 62, P.O.B. 202



55

A block diagram of the oscilometer is shown in Fig. 2. The most

important parameters of the device are summarized in Table I. The prin

cipal parts of the oscimhometer, including the oscillator and the metering

stage are housed in a thermostat. Thereby all the electronics operates at

constant temperature, and the device remains stable and reliable for ambient

temperature oscillations of 20—40°C. This is advantageous for both in

dustrial and laboratory conditions.

 

Fig. 2.

Oscimhometer circuit. 1 — Measuring cell; 2 — Temperature regulation stage; 3 —

Oscillator; 4 — Metering stage; 5 — Stabilizer; 6 — Compensation stage; 7 — Thermostat;

8 — Output to recorder or monitor.

TABLE I

Parameters of the Oscimhometer

Parameter Value

Measuring range 1*10-*—50 Siemens

(depending on the cell type, for a given range can

be chosen from among the cells supplied)

Measuring frequency 4 MHz

Mean accuracy of measurements ±0.5%, relativ.

Stability of the zero setting after 24 hours of operation 1 scale div.

Stability max. ±0.2%

for ambient temperature between 0 and 40°C and for

mains voltage variations up to 10%

Power supply 110/220 V—50 Hz

Power consumption 20 W

Size 280 x 200 x180 mm

Weight about 6.3 kg
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Small conductivity changes can be determined by the deflection method

and larger changes by the compensation method. Any commercial recorder

with 0— 10 mV input can be connected to the recorder output of the device.

The industrial type oscimhometer also has a connection for the standard

 

5 mA control signal. An universal cell (with a stopcock in the bottom), a

beaker cell and a continous flow cell are normally supplied with the oscimho

meter. The cells are easily interchangeable and can be adapted to any measuring

task.
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The stability of the ocimhometer is especially high. This is achieved

by the transistorized circuit, the transistorized stabilizer and the constant

temperature of the measuring and metering stages. The zero setting drifts

after 30—40 operating hours by ±1 scale division (full scale deflection 100

divisions) or 7—10 divisions on the compensator (1000 divisions FSD).

The relative accuracy of the oscimhometer is ±0.5%, allowing accurate

conductivity measurements.

The sensitive ranges of the oscimhometer can be read from the charac

teristic curve (Fig. 3). The characteristic curves, recorded with a 400 ml

cell and with KC1 or HC1 solutions, exhibit sensitive ranges between solution

concentrations of 2 • lO"4 and 1 • 10-3, 3 . 10-3 and 1 • 10~2 and 7 • 10"2

and 6 N. It can be seen from the curve that for concentrated solutions the

relation between the measured value and the solution concentration is almost

linear. Furthermore, this relationship can be linearized for (roughly) one

thousand divisions of the compensator, so that even then the relative meas

urement error remains below ±1%- This measuring range is suitable for

oscillometric titrations, but by this method concentration changes in electro

lyte solutions can be accurately determined and recorded as well.

3. DETERMINATION OF CONDUCTIVITY WITH THE

OSCIMHOMETER

For the direct determination of conductivity, the scale or the compen

sator must be calibrated against solutions of known conductivity (e.g. HC1

or KC1). For this calibration it is advantageous to use solutions of a concen

tration — by means of the characteristic curve, such that the deflection

lies in the middle of the selected measuring range. The cell constant can

be determined afterwards for each particular range.

The glass cell filled with calibrating solution is inserted in the coil,

the meter deflection is backed off to zero, and the compensator reading is

recorded (M). From this value and the specific conductance (x) of the cali

brating solution, the cell constant is obtained:

 

This cell constant can be used for further measurements. •

The conductivity measurement can be performed either periodically,

or continuously, in the latter case by using a continuous flow cell. The tem

perature of the solution must be kept constant with a constant temperature

bath.

The application of the oscimhometer will be illustrated by some

examples. The analysis of alumina liquors will be described first<16-18- 25>.

Our investigations of the electrochemical behavior of these solutions have

shown a linear relationship between the conductivity and the molar ratio

Na20caustic: AI2O3. Hence direct determination of the molar ratio in the

pulp liquor phase after digestion is possible. Measurements in the plant

(Fig. 4) and two different analytical procedures show good agreement (change

shows the same tendency).



58

 

Fig. 4a.

Investigation of the liquid phase of alumina industry pulp after digestion. Measurements

with the oscimhometer (1); results obtained by the analytical method of the Institute (2);

results obtained by the analysis used at the works ("fast method") (3)

 

Fig. 4b.

Investigation of the liquid phase of the alumina pulps after digestion.

Relationship between the measured value and the molar ratio of the aluminate solution.

Calibration curve for industrial solutions.
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Another possible application, considering the linear relationship, is

in mixing in alumina production. In this case only the AI2O3 content of the

solution is changing, and the molar ratio can be determined by a simple

conductivity measurement. Trials in a continuous mixing process have

proved a linear relationship between conductivity and the molar ratio (Fig. 5).

1600]-

 

Fig. 5.

Relationship between the molar ratio and the conductivity (i.e. measured value) in the mixing

process, for continuous mixing. The points from At to A,0 are measured values for parti

cular mixing tanks (mean values of 5 measurements).

The newest investigations in this field are in the direction of analysis

(determination of the NazOcausttc and/or AI2O3 content) of concentrated

aluminate solutions, for the adjusting of the pulp prior to digestion. The

measurements made so far are encouraging and a device was installed in

the plant in 1970.

The oscimhometer can find application in the dyestuff industry as

well. During the production of inorganic pigments {e.g. chromium oxide

green, Paris blue, chromium yellow, etc.) the washing process can be con

tinuously monitored. There is a single-valued relationship between the

conductivity and the electrolyte concentration of the washing solution*19'.

The oscimhometer can be used for monitoring other technological

processes, such as distillation and washing processes, determination of purity

grade of waste waters, control of pharmaceutical and food production pro

cesses, investigation of extraction processes in laboratory and plant, for
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continuous concentration determination of electrolyte solutions, acids, etc.

The method developed for conductometric measurements^', dealing also

with some theoretical aspects of measuring, can also be used for the last

mentioned purposes.

4. APPLICATION OF THE OSCIMHOMETER IN HIGH

FREQUENCY TITRATION

Oscillometric titration, where the progress of the reaction is followed

by conductivity change, can be performed by the deflection method or by

the compensation method. The latter yields more accurate results. If the

characteristic curve shown in Fig. 3 is carefully studied, sensitive measuring

ranges, applicable to titration, can be found. Solutions of 10~4, 10-3 and

Fig. 6.

Acid-base titration curves recorded with a capacity cell (oscillotitrator), with content of

foreign electrolyte as parameter (KC1). Sensitivity range: 16.

1 — Foreign electrolyte: 0 ml KCI

2 — Foreign electrolyte: 2m/IN KCI

3 — Foreign electrolyte: 5 ml 1 N KCI

4 — Foreign electrolyte: 10 ml 1 N KCI

90

do
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higher than 0.1 N can be titrated. During the titration care must be taken

that the conductivity of the solution in the cell does not come into a range

where the device is insensitive, or otherwise the measurement becomes

inaccurate. In these measuring ranges — as found from the characteristic

curves (Fig. 3) — the oscillotitrator(21) can be used. Therefore the two

devices are complementary.

Further examination of the characteristic curve shows that in the solu

tion conductivities corresponding to concentrations above 0.1 N there are

no insensitive ranges, and all titrations can be performed with practically

equal sensitivity. This fact is an important advantage for the application of

the oscimhometer in the presence of foreign electrolytes. Since in the usual

capacitive cell the titration curve in the presence of foreign electrolytes is

gradually flattened out, the equivalance point becomes less and less sharp,

until it disappears (Fig. 6). On the other hand, with the oscimhometer this

phenomenon occurs only in the range of dilute solutions (10-4— 10~3 N),

whereas at higher concentrations of the solution to be titrated the value

measured due to the higher conductivity {i.e. content of foreign electrolyte)

is shifted parallel to the characteristic curve, and the equivalence point remains

equally sensitive, regardless of the foreign electrolytes. This feature is very

advantageous in the case of analysis of industrial solutions, since the separa

tion of the "interfering" but still inert ions is not necessary.

The acid base titrations can be illustrated by the NaOH—HC1 system

(Fig. 7). 1 5 ml of 1 N HC1 were introduced into the measuring cell and diluted

with water to 400 ml, so that the concentration of the solution to be titrated

was 0.037 N HC1. This concentration lies just inside the insensitive range

of the characteristic curve. It can be seen from the characteristic curve 1

in Fig. 7 that the oscillations in the vicinity of the equivalence point are high

(W-shaped curve). The addition of KC1 as a foreign electrolyte shifts the

titration curves parallel to each other, but the sharp intersection of the lines

at the equivalence point always remains the same. The titrations shown in

Fig. 7 were performed by the compensation method.

Using this titration curve the measured values corresponding to the

extrapolated equivalence point have been plotted as function of the KC1—HC1

content (Fig. 8). It can be seen that the plot is practically linear up to a 70-fold

excess of KC1. It can be concluded from Fig. 7 and Fig. 8 that the titration

is not hindered by the addition of KC1, i.e. of an inert electrolyte. Similar

titration curves are obtained with other acids and bases.

The titration of Ca2+ ions with oxalic acid is presented as an example

of a precipitation titration (Fig. 9). In this case 25 ml of a 1 N CaCh solution

was diluted to 400 ml with water and introduced into the cell, so that the con

centration was 0.062 N. The characteristic curve shows that at this concen

tration a sufficiently sharp equivalence point is reached (curve 1 in Fig. 9).

After addition of various amounts of KC1 as foreign electrolyte (curves 2,

3 and 4) the evaluation of the titration curves remained equally accurate,

even for tenfold excess of KC1. On addition of ethanol (curve 5) the measured

values, i.e. the conductivity, decreased but the equivalence point could be

evaluated with the same accuracy as before.

With the experience obtained in the above measurements, a solution

obtained by bauxite digestion was also titrated. For this purpose, a bauxice



62

 



63

sample containing practically no calcium was digested by the standard me

thodf22- **>, dissolved and subsequently used as a foreign electrolyte. As

can be seen from the titration curves in Fig. 10, the bauxite compounds

(Al3+, Fe?+, Ti4+ etc.) do not interfere with the determination, like the addi

tion of KC1, and the equivalence points can be well evaluated. 3.3 mg/ml

Ca2+ was added to the titrations, and 10, 20 or 40 mg/ml bauxite.

 

Another example of precipitation titrations is the determination of

fluorine with Th (N03)2 as titrant. This titration can be performed advan

tageously by oscillometry, because in this case the buffer solution, the gelatine

solution and the indicator mixtures can be eliminated<24>. Our investigations
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showed that NaF solutions (distillates) can be titrated accurately even in

the presence of considerable amounts of foreign electrolytes {e.g. KCl)(Fig. 1 1).

This procedure has also been applied for the analysis of industrial solutions

(NaF-liquors, kroyolith liquors, etc.) which are found in the production of

artificial kryolith (Fig. 11, B and Table II).

 

Fig. 9.

Oscilometer precipitation titration of Ca2+ ions with oxalic acid solution, with content of

foreign electrolyte as parameter

1 — Addition of 0 ml KC1 solution

2 — 20 ml 1 N KC1 solution

3 — 50 ml 1 N KC1 solution

4 — 50m/4N KC1 solution

5 — 50 ml 4 N KC1 solution + 25 ml ethanol
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The titration of VCVions was also investigated, titrating NH4VO3

solution with 0. 1 N AgNC>3 solution. In this titration two intersection points

are observed (Fig. 12) the second corresponding to the equivalence point.

The first intersection may be ascribed to the formation of a silver amine

complex, which on further addition of the titrant leads to the formation of

yellow silver vanadate which suddenly precipitates at the titration end point.

In the case presented in Fig. 12, 119.70 mg NH4VO3 was taken, 118.16 mg

found, and the relative error was therefore 1.25%.

 

 

Fig. 10.

Precipitation titration of Ca2+ ions with oxalic acid solution, adding a solution obtained

in the digestion of bauxite. Taken: 25 ml 0.952 N CaCl2 solution.

1 — Foreign electrolyte: 50 ml bauxite solution — 3950 mg bauxite

2 — 100 ml bauxite solution — 7900 mg bauxite

3 — 200 ml bauxite solution — 1 5800 mg bauxite

5
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It can be concluded from the observations made so far, that the oscirnho-

meter can be succesfully applied for titrations too. It is being developed in

this direction, especially by the design of a series of new measuring cells

with the aim of extending the linear part of the characteristic curves to dilute

solutions.
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Fig. II.

Oscimhometer precipitation titration of F-ions with Th (NOj)4 solution.

A. Titration of NaF solutions (distillates). 1 — titration of 46.0 mg NaF; 2 — titration

of 46.0 mg NaF \ 50 ml 4 N KC1 as foreign electrolyte; 3 — titration of 46.0 mg NaF+

+ 75 ml 4N KC1.

B. Trials with industrial solutions, with addition of KC1 as foreign electrolyte. 1 — 10 ml

NaF solution, without addition; 2 — 10 ml NaF solution +75 ml 4 N KC1 solution;

3 — 10 ml NaF solution + 100 ml 4 N KC1 solution; 4 — 25 ml kryolith solution, without

addition; 5 — 25 ml kryolith solution f- 100 ml 4 N KC1 solution.
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TABLE II

Investigation of the Determination of Fluorine Content

Fluorine Error

Substance investigated taken

»«

found by

oscillometry

F, mg

mg % tel.

NaF standard solution 20.80 20.90 4 0.10 0.5

NaF standard solution

+ 50 ml 4N KC1 soln. 20.80 20.90 + 0.10 0.5

NaF liquor (industr. soln.) 104.83 104.50 —0.33 0.3

NaF liquor (industr. soln.)

+ 100 ml 4N KC1 soln. 104.83 104.50 —0.33 0.3

Kryolith liquor (industr. soln.) 50.19 50.35 +0.16 0.3

Kryolith liquor (industr. soln.)

+ 100 ml 4 N KC1 soln. 50.19 50.35 +0.16 0.3

 

goo\ I I 1 I 1 I I I I I

0 2 i 6 3 10 12 «- 16 16 20

ml QWAgN03

Fig. 12.

Oscimhometer precipitation titration of NH4V03 with AgNOa solution. 1 — 119.7 mg

NH4V03J titrated without addition of foreign electrolyte; 2 — 1 19.7 mg NH4VO3 + 50 ml

4 N KC1 solution as foreign electrolyte.

5*
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SUMMARY

The oscimhometer is a high frequency conductivity measuring device

for laboratory and industry. The device has an induction measuring cell,

works at 4 MHz and can be used for conductivity determination and for

oscillometric (high frequency) titrations over a large concentration range.

Several examples of its application in industry (viz. the alumina industry)

are presented, and several acid-base and precipitation titrations as further

possibilities of application. An advantage of the oscimhometer in comparison

with other high frequency titration devices is that the relation between con

ductivity, i.e. the measured value, and the concentration, is almost linear

over a large concentration range. Ions of foreign electrolytes (not participating

in the reaction) present in the solution to be titrated do not interfere with the

titration: the equivalence point can be determined equally well as in the

case of pure solutions. In acid-base titrations, for example, the determina

tion is not hindered by a 100-fold excess of KC1.
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INTRODUCTION

During the heating of a calcium carbonate and strontium carbonate

mixture with an inert gas stream flowing over the sample we observed that

the thermal decomposition proceeded differently than when pure calcium

carbonate and strontium carbonate were heated, other conditions being

unchanged.

The observed phenomenon, which appears with a homogenized mixture

of two components, is important for further understanding of the nature of

this process in heterogeneous systems, in which the decomposition rate of

one component is increased, most probably because of catalytic action of

the products of the parallel decomposition of the other component.

The object of this study was to investigate the process of thermal de

composition of mechanically mixed powder mixtures of calcium carbonate

and strontium carbonate of different weight ratios.

I EXPERIMENTAL

The initial components, CaCOs p.a., 75—90 y. fraction, and SrCOa p.a., 75—90 a

fraction, were dry homogenized mechanically, forming mixtures of 3 weight ratios (1:8,

1:4, 1:1). Powders of the pure components and of the 3 homogenized mixtures were

weighed in amounts of 1 ± 0.005 g and pressed into 1 5 mm diameter cylindrical tablets under

250 kp/cm1 pressure. The tablets were put into platinum dishes and thermally decomposed

in a horizontal electrical resistance furnace through which an argon stream was blown

at a rate of 10 tit/h. Decomposition temperatures were 650, 800, 950 and 1 100°C, and

decomposition times 5, 15, 30, 45, 60 and 90 nan. When the decomposition time elapsed,

the specimens were taken out of the furnace and kept in an exsiccator until measuring

II. THERMAL DECOMPOSITION OF PURE CaCO, AND PURE SrCO,

IN THE FLOW-THROUGH SYSTEM

The literature deals extensively with the phenomenon of thermal de

composition of pure CaCOs and pure SrCOs in isochoric-isothermal and

isobaric-istothermal equilibrium12- 3- 4- 5>. In both cases the equilibrium

71
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constant for the heterogeneous reaction of carbonate breakdown was found

from the partial pressure of carbon dioxide whose magnitude depends on

temperature alone. Carrying off part of CO2 from the equilibrium system

induces further decomposition of carbonate, while the CO2 pressure changes

correspondingly down to the equilibrium value for the given temperature.

In our study the argon continuously removed the carbon dioxide evol

ved from the specimen surface, so that the CO2 pressure could not reach

equilibrium. Under these conditions it was possible to achieve complete

decomposition of the isolated carbonates or their mixtures if the temperature

and decomposition time were sufficient.

Figure 1 shows the thermal decomposition in the flow-through system

of pressed specimens of pure calcium carbonate as a function of decompo

sition vmc with temperature as a parameter. It may be seen that the tempera

 

ture substantially influences the course of the process. At 800°C approxi

mately 98% calcium carbonate is decomposed after 90 min, at 950°C 99% after

15 min, and at 1100CC 99% after only 5 min.
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Figure 2 shows that in case of strontium carbonate, under the same

decomposition conditions, only insignificant decomposition occurs at 650

and 800°C after 90 min, approximately 28% at 950°C after the same time,

and virtually complete decomposition is achieved at 1100°C after only

45 min.

For the initial phase of dissociation of calcium carbonate and strontium

carbonate there is a characteristic decomposition of CO*- ions according to

the scheme*6'

coa3 - co2 + 02-

If the decomposition products are quickly removed sufficiently far

from the specimen surface, they will not recombine with the resulting cal

cium oxide. But if they are not carried away the gaseous CO2 gets absorbed

by the fresh and reactive calcium oxide surface to form the complex CaO -C02.

 

Dependence of the thermal decomposition of strontium carbonate on temperature and time

A similar dissociation process also takes place in the case of strontium

carbonate, the only difference being a greater amount of heat required to break

down this compound, whose stronger chemical bonding makes it more thermo-

dynamically stable than calcium carbonate*7'.

Lattice defects, such as vacancies, dislocations, micro or macro-inclu

sions, accelerate dissociation, because the bonds between ions at these "active

centers" are weak and the free energy is high.
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III THERMAL DECOMPOSITION OF CaCO,—SrCO, MIXTURES

IN THE FLOW-THROUGH SYSTEM

The influence of different additions on the thermal decomposition of

calcium carbonate in metallurgical processes has been fairly extensively

studied in order to define the behavior of smelters'8- 7>. It was found that

SiO-2 and MgO have practically no effect on temperature of its decomposi

tion. On the other hand, ZnO, CdO, Al2Os, M0O3, B2O3, Na2B407 etc.

added to the calcium carbonate in certain weight ratios markedly reduce

the temperature of decomposition. To our knowledge, no studies have been

made on the influence of calcium carbonate on the thermal decomposition

of strontium carbonate, whose resistance to decomposition is greater than that

of calcium carbonate'7'.

To investigate this influence, if any, we decomposed mixtures of CaCOs

and SrCOs in weight ratios 1:8, 1:4 and 1 : 1 in a flow-through system under

the experimental conditions as explained above. The dependence of decom

position on temperature and time for the different weight ratios is seen in

Fig. 3. It may be seen that the curves change with increasing the proportion

of strontium carbonate. With the lowest proportion of strontium carbonate

(CaCOs — SrCOs in 1 : 1 weight ratio), the curve still has the concave shape

which is characteristic of mixtures containing a high proportion of calcium

carbonate whose limiting case is the curve for pure calcium carbonate. At

higher strontium carbonate ratios the influence of calcium carbonate on

decomposition becomes appreciably less, as is manifested by the convexity

degree of the decomposition curve, which tends toward the limiting shape

for the pure strontium carbonate.

Since the degree to which individual mixture components decompose

in CaCOs— SrCOs mixtures of different weight ratios was unknown, we

took it that the degree of decomposition was expressed by the ratio between

the specimen weight loss during dissociation and the total weight of carbon

dioxide, relative to the amount in the given mixture.

The 1 . 8 CaCOs : SrCOs mixture decomposed almost completely,

approximately 99.5% after 45 min at 1100°C, which is practically the same

value as obtained for the decomposition of pure SrCOs (Fig. 3).

With the CaCOs: SrC03 ratio 1 : 4 complete decomposition was achieved

at 1 100°C after only 30 min (Fig. 3). The 1 : 1 mixture had a still quicker

decomposition: after only 15 min the degree of decomposition had reached

98%, as may be seen from Fig. 4.

Figure 3 also shows thit at 950"C only the 1 : 1 mixture showed any

considerable decomposition (about 90%), after 90 min, while for the lower

ratios and shorter times at the same temperature the degree of decomposi

tion was much less. Low values for the degree of decomposition were obtained

at 650 and 800°C for all weight ratios and all times of decomposition.
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Figure 5 compares experimental decomposition values for the three

weight ratios (full lines) and calculated values (broken lines) derived on the

assumption that CaC03 and SrCC>3 decompose in the mixture independently

of one another. It may be seen that the degree of decomposition obtained

experimentally greatly d'ffers from the calculated values for all three mixtures,

-cm 

0 -1/5 X A5 60 90

Fig. 4.

Dependence of the thermal decomposition of a CaCOa—SrC03 mixture of weight ratio

1 : 1 on temperature and time

for all the three times of decomposition, and for all temperatures except

1 100 C. In our opinion this difference can be attributed to the influence of

the freshly created calcium oxide, whose catalytic effect on the thermal de

composition of strontium carbonate becomes the more marked the higher

the calcium carbonate content of the mixture.
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SUMMARY

1. The influence of calcium carbonate on the process of thermal

decomposition of strontium carbonate, in the temperature range 650 —

— 1 IOO' C, during 15 to 90 minutes, was studied. Decomposition was carried

out in a stream of argon (flow rate 10 1/h).

2. Specimens — porous, cylindrical bodies, diameter 15±0. 1 mm,

weight I ±0,005 g — were obtained by pressing mixtures of both carbonate

powders, fraction 75 — 90 microns at 250 hp/cm2 in weight ratios of

. CaC03:SrC03=l:8, 1:4 and 1:1.

3. For all three mixtures, in the investigated temperature and time

range, an increased degree of thermal decomposition of SrCOs has been

found.

4. Complete decomposition of the strontium carbonate was realized

in the mixture CaCOs : SrCOs of the weight ratio 1 : 4 and higher, already

for a time of 30 minutes.
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INTRODUCTION

The process of chemical nickel plating, based on the reduction of nickel

ion by hypophosphite ion in aqueous solution, is under intensive research

in other countries*1-10', while in this country, to our knowledge, there have

been no reports except for a few surveys*11- 12> 13).

Breteau(14> in 1911 and Roux<15) in 1916 demonstrated that nickel

salts can be spontaneously and completely decomposed by hypophosphite

ion in aqueous solution, during which a nickel-phosphorus alloy plated the

objects in the bath and its walls, while nickel powder precipitated from the

solution.

In 1944, Brenner and Riddell*16- 17) succeeded in setting up a stable

bath in which the deposition of nickel-phosphorus alloy could be confined

to the catalytically active surfaces of objects submerged in the solution.

Through further research it was found that the metals of group VIII,

particularly Pd, Rh, Ru and Co in alkaline solution and Ni in alkaline and

acid solution, catalyze the reduction of bivalent nickel cation (Ni2+), which

enables the nickel-phosphorus plating of their surfaces.

Apart from these catalytically active materials there are a large number

of others which though inactive catalytically can be plated chemically if

their surfaces are first activated in a suitable manner.

The object of the present study was to investigate possibilities of conti

nuous deposition of nickel-phosphorus alloys by means of chemical reduction

from a basic aqueous solution on silicon, which is very much a catalytically

inactive substance. It was required that the plating be of uniform thickness

of over 5 (x, adhering firmly to the substrate in order to enable mechanically

reliable bonding between the silicon and metal conductors. Bonds of this

type cannot be achieved with uncoated silicon, and silicon plated by means

of evaporation in vacuo or by sintering does not provide the required quality

of bonding. For this reason our study focused on plating thickness, uni

formity and adherence to the substrate.
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The substrate was a single crystal of p-type silicon, orientation (111),

specific resistance 20— 22 ohm ■ cm, and dislocation density Ojcm2.

I EXPERIMENTAL

For the chemical plating of p-type silicon single crystal with a nickel-phosphorus

alloy, the following bath composition was used:

NiS04-7HjO p.a. iS g/lit

NaHjPOj-HjO p.a. Wg/lit

Na.,C6H607-2HaO p.a. 65 g/lit

NH4C1 p.a. 50 g/lit

The above composition differs from that for nickel plating of silicon reported in the lite

rature* 8'7), in the nickel salt used. Instead of NiCl2-6H20 we used NiS04-7H,0, which,

under the given conditions, gave greater stability of the bath. The temperature of the bath

and the deposition time were varied over a wide range, whereas the basicity was kept

constant at pH> 10 by adding 25% ammonia solution. The ratio between the surface area

of the submerged object and the volume of sulution was constant, 5 dm1/lit. This ratio is

hereinafter designated with S/V.

The preparation of silicon specimens for plating involved the following operations:

(a) Wet polishing of the specimens with SiC (No. 1200) powder

(b) Washing in faucet and distilled water

(c) Submerging in an etching solution of 6 g NH4F, 1.8 ml HF (50%), and 12 ml

distilled water; etching time 10 sec

(d) Rinsing with distilled water

(e) Brief submersion of specimens (3—5 sec) in a 5% solution of sodium hydroxide

(f) Rinsing with distilled water

The specimen prepared in this way was placed in a plating bath heated to the wor

king temperature.

II INFLUENCE OF TEMPERATURE ON PLATING THICKNESS

Temperature is one of the basic factors controlling the amount of

plating deposited. Below a certain temperature, which principally depends

on the bath composition and acidity of the solution, catalytic reduction of

nickel ion does not take place.

Our investigations were carried out in the temperature range 40— 99.5°C,

to an accuracy of ±0.02°C. Deposition time was constant (60 tmri).

At 40°C no deposition was observed. At 50°C a transparent film of

nickel-phosphorus alloy of measurable thickness was formed. Figure 1 gives

the relative plating thickness expressed as a percentage of the maximum

thickness obtained, as a function of temperature. It shows that the 10°C

increment of 50 — 60QC is accompanied by a change in the relative thickness

of approximately 14%, whereas at 90— 99.5°C the same increment corres

ponds to about a 25% change in thickness. This is typical for an alkaline

bath, in which, unlike neutral or acidic baths, the hypophosphite anions

spontaneously oxidize to orthophosphite ions, with evolution of molecular

hydrogen*1' ->, according to Eq. (1):

(H2P02)-+OH-->(HP03)-"+H2 (1)

At the same time the nickel cations are reduced to metallic nickel by hypo-

phosphite anions, yielding an H ion(1- 2), accord'ng to Eq. (2):

Ni2++ (H2P02)-+H20-vNi+2H++H(HP03)- (2)
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■
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Fig. J.

Dependence of the relative amount of plating on temperature

III INFLUENCE OF TIME ON PLATING THICKNESS

In addition to temperature, the time of deposition greatly affects the

plating thickness. Figure 2 shows that during the initial period of chemical

reduction the rate of thickness increase is high, later decreasing considerably,

principally as a result of depletion of nickel and hypophosphite ions in the

solution.

I 5

NiS0^7H20 = 35[g/l)

NaH2P02'H20 = W[g/U

Na3C6Hs07-2H20 =6S[g/U

■
NH{C( =50[g/l]

^ * S/V = 5[dm2/U

t =99.4[°CJ

■

i . i

0 W 20 30 40 50 60 70 80

DEPOSITION TIME [min]

Fig. 2.

Dependence of plating thickness on time
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Unless the solution pH is maintained constant during the process,

the rate of increase of plating thickness would fall off as represented by the

full line in Fig. 3. We carried out an experiment in which the same silicon

single crystal was successively submerged at 20 min intervals into a fresh

plating solution of the same composition and at constant temperature. Under

the given conditions, after the first 20 min a 4.0 jx plating was deposited, and

during later intervals the increment continuously diminished, viz. 3.9, 3.7

and 3.2 y., respectively (broken line in Fig. 3).

 

NiS0^7H30 -35 [g/1]

NaH2P0s-H20 -to[g/l]

No, ce Hs07-2 H20 = 55 [g/l ]

NH4CI "50 [g/i]

S/V = 5 [dm2/1]

t =99-4[°C]

20 to 60 BO

DEPOSITION TIME [min]

Fig. 3.

Curve (a): plating thickness as a function of deposition time; curve at constant solution pH

(b): plating thickness against time when solution pH decreases during deposition

The differences in the amount of deposition occurring here can be

explained by the change in chemical composition of the deposit. In chemical

nickel plating the hypophosphite ion becomes catalytically dehydrogenated

according to Eq. (3):

-2H

(H,P02) >(PCH)- (3)

cat.

and orthophosphorous acid is formed:

(POiOM-HaO-H (HP03)- (4)
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from which it follows that the acidity of plating solution increases. The

acidity increase leads to a higher phosphorus content in the plating, which

reduces its catalytic activity.

IV INFLUENCE OF THE S/V RATIO ON PLATING THICKNESS

The S/V ratio also greatly affects plating thickness. The physical signi

ficance of this ratio is that it expresses the number of reacting ions per liter

of solution, per dm2 of the surface of the submerged object.

As part of this study we investigated the effect of S/V within the

range 0.6—10.0 dm21lit on plating thickness, using a bath composition as

specified in section II above, pH=10, constant temperature 99.5°C, and

constant time of deposition of 60 min. It may be seen from Fig. 4 that the

plating thickness continuously decreases with increasing ratio S/V. At a

10 dm21lit it was approximately 3.7 times less than at 0.6 dm2flit.

12-5

vj 5-0

^ 25

NiSOt-7H20 =3S[g/l]

NaH2P02'H20 = 10[g/t]

Mb,C6«507-2«20 *6S(g/ll

NHtCf = 50[g/l]

^ t r 99.4 [°C]

pH r 10.0

-
^^-^^^ V * 60 [min ]

0-61

1 t 2 3 4 5 6 7 8 9 10

RATIO SjV [dml//fl]

Fig. 4.

Plating thickness as a function of the ratio between specimen surface area and solution

volume

V THICKNESS, UNIFORMITY AND ADHERENCE OF PLATING

Plating thickness was measured on an Aminco Brenner Magne-gage

5—660, with an accessory for measuring nickel plating thickness of 0—25.7 y.

on nonmagnetic materials. The apparatus works on the principle of measuring

the force of magnetic attraction which occurs between a suitably chosen

6*
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permanent magnet and the plating. When the ferromagnetic nickel-phos

phorus alloy forms a plating on a nonmagnetic material, the force required

to separate the magnet from the plating increases with plating thickness.

Brenner<18> and Brenner et a/.(l9) established that nickel-phosphorus allow

containing more than 8% phosphorus are nonmagnetic, while those with

less phosphorus show a lower magnetic permeability than the pure nickel.

Since our platings had 3.8—4.0% phosphorus, this instrument could

be used to measure their thickness. Thickness was determined in 10 place

of 1 cm2 each and the mean value was calculated. Uniformity of plating thick

ness was expressed as the deviation from the mean value. The deviations

was found to range within 2—3%.

To determine the adherence of specimens according to standard B.S.

1224: 1965 Appendix E(20) we heated them at 250°C in a furnace with an

inert nitrogen atmosphere for 60 min. Then the specimen was quenched in

water at room temperature. Observing this specimen under the microscope

(magnified 1 00), we did not find any cracks and observed only slight changes

of color and sheen.

Adherence was tested by the hydrogen evolution method after Strikke-

ling(2X). The silicon specimen with nickel-phosphorus plating as the cathode

was submerged in a 5% solution of sodium hydroxide, with a platinum sheet

as the anode. The electrodes were spaced 20 mm apart, the potential diffe

rence 8 V, and current 2 A. Under these conditions hydrogen is developed

intensively on the surface of the cathode. Hydrogen bubbles penetrate into

the micropores of the plating causing it to peel. Our plating held 5 min without

any change, while after 8 min, at the 3-phase boundary, the plating peeled.

Adherence of the plating was checked by testing the capacity for solde

ring a nickel wire to the plating. Nickel wire diameter 150 \i, tensile strength

42 kpjmm2, was soft soldered to two axial points on the opposite surfaces

of the nickel-phosphorus plating. The specimens thus prepared were then

put into a tensile test apparatus and exposed to a static tensile stress. It was

found that at a strain of 780 g the nickel wire broke, but away from the sol

dered points, which proves that the plating adheres firmly to the substrate.

SUMMARY

The conditions of deposition of nickel-phosphorus alloys from alkaline

water solution on the silicon p-type single crystal, orientation (111), specific

resistance 20—22 ohm ■ cm, dislocation density Ojcm2 were studied.

The influence of temperature, time of deposition and the ratio of

specimen surface area/solution volume on the plating thickness in a wider

range of these variables was determined.

The obtained plat;ngs possess very high degree of uniformity of thick

ness of deposit and adhere firmly for the surface of the substrate.
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HOBA ynYTCTBA AYTOPHMA

TJIACHMK XEMMJCKOr flPyiHTBA EEOrPAfl

o6jaBJbyje opuzunajine na.yv.He padoae, 6&/ieiujce, nperxodua caoniu.Ten,a

n pe%en3uje Ktbuza

OpuzunaAHU nayv.HU padoeu caflpate pe3yjiTaTe opurMHajiHMx MCTpajKM-

BaH>a kojm HMcy o6jaBjbeHH, a Tpe6a fla 6yfly HanncaHM TaKo fla ce HaBefleHH

OKcnepMMeHTM Mory penpoflyKOBaTH. PaflOBH ce niajty Ha pen,eH3Mjy, a npnx-

oaTaibe pafla o6aBe3yje ayrope fla MCTe pe3yjiTaTe Hehe o6jaBHTH Ha flpyroM

Mecry.

EejiewKe caflpxce pe3yjiTaTe Kpahnx, ajiw flOBpmeHHX HCTpajKHBaH>a mjim

npnKa3yjy concTBeHa opiirMHaJiHa MCKycTBa H3 jia6opaTopnjCKe npaKce (mcto-

flMKe, anapaType m cjimhho). 06mm SejieuiKe He Tpe6a fla npehe 500 pe™.

IlperxodHa caonunetba Tpe6a fla caflpxe opwraHajiHe HaynHe HHCpopMa-

qnje HMjw KapaKTep 3axTeBa 6p3o o6jaBjbMBaH>e m He Tpe6a fla 6yfly flyxca

ofl 1000 peHM.

Cbh panoBH Mopajy caflpacaTH M3BecTaH no3HTiiBaH pe3yjiTaT h npeg-

craBAaTM Haynny hoboct.

Onurre HanoMeHe

Pafl Moxce 6mth imcaH Ha cpncKoxpBaTCKOM mjim hckom ofl cneflehiix

erpaHMx je3MKa: eHrjiecKOM, 4>paHn.ycKOM, HexaHKOM mjim pycKOM. Ayropujua

ce npenopyvyje da nodnoce padoae nucane na crpanoM. je3uny, c oGsnpoii fla

ce TaKBM paflOBH y uejiMHM oSjaBJtyjy m y 36opHMKy Collectanea Chemica

Yugoslavica, flOK ce paflOBH Ha HameM je3HKy npMKa3yjy y obom 36opHnicy

C3M0 H3BOflOM Ha CTpaHOM je3Mjcy.

Pafl KojH ayTopw noflHecy peflaicn.HjH Tpe6a fla je HanncaH y najKpaheM

MoryheM o6jiMKy, a fla npn TOMe 6yfle jacaH. y yBOflHOM flejiy Tpe6a flaTH caMO

HajHyxHHjM nperjiefl paHMjnx MCTpaxcMBaH>a h oSjacHWTM CBpxy pafla.

Onmupnu npwica3 nperxodnux padoea na ocuoey jiurepaType Hehe ce npMX-

BaTaTH. HapoHHTy naraiby Tpe6a nocBeTMTH npen,M3HOM m jacHOM M3H0ineH>y

eiccnepMMeHTajiHMx noflaTaKa. ITosHaTe MeTOflMKe m TexHMKe Tpe6a 03HaHHTH

HMeHOM M AMTepaTypHMM MHTaTOM.

CBaKM pafl Mopa MMaTM KpaTaK M3B0fl Ha je3HKy Ha KojeM je nncaH; ano

je pafl nwcaH Ha HameM je3HKy Mopa MMaTM join m M3BOfl Ha jeflHOM ofl paHMje

HaBefleHMX crpaHMX je3MKa, a axo je nwcaH Ha CTpaHOM je3Mxy Mopa MMaTM

join m M3BOfl Ha HameM je3MKy. M3BOfl Tpe6a fla caflpjKM CBpxy pafla, 3HanajHe

noflaTKe m 3aKJbyHKe; He TpeSa fla caflpatM BMuie oa 150 penn.

PaflOBM Koje je Peflaitn,Mja npHXBaTMJia uiTaMnajy ce no pefly npnjeMa,

ynojiMKO H.HXOBO o6jaBJbMBaH>e He 6yfle 3aflp»caHO McnpaBKaMa. AyTopM ao6m-

jajy 6ecnjiaTHO 40 nocedHHX OTMcaKa CBora pafla.

PadoBU koju no rexniiHKoj onpeMU u navuwj U3.iaian>a ne odzoeapajy

CTitJiy padoea kojm ce odjaB^yiy y JViacHUxy, 6uhe epafteKU ayropy na npe-

pady. Orora ce ayropHMa cKpehe na3KH,a fla ce npn nncaiby paflOBa npMflp-

jKaBajy cjiefleher ynyTCTBa:

OnpeMa pyKonnca

PyKonMC Mopa 6mtm flocTaBJbeH PeflaKHMjn y rpu npiuiep?ca, nncaHa Mauin-

hom ca hmcthm cjiOBMMa, ca flBOCTpyKMM npopeflOM, Ha jeflnoj crpaHH nanMpa

cpopMHTa A4 m ca MaprMHOM ofl 3 cm ca CBaKe CTpaHe. flpn Kyu.aH>y He Tpe6a

kopmctmtm Koce i;DTe Kao 3arpafle. OpMrHHaji pynonnca Tpe6a fla caflpacw CBe

cjiMKe, flMjarpaMe m TadnMqe, xoje Tpe6a npMjiojKMTM Ha noce6HMM jiMcTOBHMa

Ha Kpajy pyKonnca, a y TeKery TpeSa 03HaHMTM caMO h>mxobo npn6^MKHO



MecTO. Pe3yjiTaTH ce Mory npHKa3aTM tuu cjihkom uau Ta6jinqoM. Hcth pe3yn-

TaT He MOJKe ce npnKa3HBaTM Ha 06a HanwHa. He npnxBaTa ce penpoAyKOBaH,e

cjiMKa h TaSjnma M3 flpyrMX pa^OBa. CTpaHe pyKonHca Tpe6a HyMepwcaTH.

HapoHHTy najKfby Tpe6a nocBerMTM HOMeHKJiaTypH h TepMMHOJiorwjH, Koje

Tpe6a fla 6yAy y CKJiafly ca npenopyKaMa MHTepHainiOHaJiHe yHHje 3a HMCTy

h npMMeibeHy xeMHjy. CKpaheHnue m cmmSojic Tpe6a o6jacHHTH npH npBoj

ynoTpe6H y TeKCTy. CneKTpw (IR, UV, NMR), xpoMaTorpaMH u cn. Hehe ce

o6jaBJbMBaTM, yKOJMKO mm je jeflMHa CBpxa AonyHCKO KapaKTepncaH>e jea»i-

H>eH>a. y HacjioBy pa^a Tpe6a Aa 6y«y ncnncaHa MMeHa m cpeflH>e cjtobo

ayTopa, a HacjiOB aKO je HKaico Moryhe He Tpe6a p,a caflpntM cviM6ojie m cbop-

Myjie.

nocne cpncKoxpBaTCKOr TeKCTa cTaBjba ce nyH na3HB HHCTHTymije y

Kojoj je pap, ypaheH, Ha cpncKoxpBaTCKOM, a nocjie CTpaHor TeKCTa, Ha OAro-

BapajyheM CTpaHOM je3HKy.

H3boa Ha crrpaHOM je3nxy Mopa fla MMa npeBefleH HacjiOB pa^a w nyHa

HMeHa ayropa, n Ha Kpajy na3HB iiHcTHTyunje; hcto BajKH h 3a imboa Ha

HauieM je3MKy, Kojw CTOjw y3 pap rwcaH Ha CTpaHOM je3HKy.

IJejiOKynaH tckct y Ta6jiuuflMa u Aeiendajna y3 cjiiiKe Tpe6a cent Ha

cpncKoxpBaTCKOM je3MKy patvi y noTnyHoerw m Ha ohom CTpaHOM je3HKy Ha

KOMe je AST H3BOA- Ta6jiMu,e o6aBe3HO Tpe6a pa MMajy HacnoB, a HyMepniiry

ce phmckmm SpojeBitMa. CjiMKe ce HyMepmny apancKHM 6pojeBHMa. npnKa3ii-

BaH>e mctmx pe3yjiTaTa m Ta6jiHu.aMa h AMjarpaMMMa y Hanejiy mije ao3bo-

jteHO.

Iiprexu u cjiuice. Uffiexn Mopajy 6hth naxjbMBO iwpaheHH ojiobkom Ha

6ejioj hjih MMJiMMeTapcKOj xapTMjM m Tpe6a Aa 6yAy oko daa nyra aefcu oa

KJiMiuea Kojn Tpe6a pa ce M3paAM. OoTorpacpwje Tpe6a M36eraBaTH, a yKOJiHKO

cy HeonxoAHe, Mopajy 6mth Ha 3aAOBOJbaBajyheM tcxhmhkom HMBoy 3a n3paAy

KJDfmea.

JIUTeparypHU v,u.to.tu TpeSa Aa 6yAy npHJiWKeHM nocedHO m HyMcpucaHn

ohhm peAOM KOjHM ce nojaBjbyjy y TeKCTy. HyMepncan>e y TeKCTy Tpe6a

BpuiMTM y mctom peAy ca TeKCTOM apancKHM uncppaMa HopMajiHe BejwHHHe y

OKpyrjiMM 3arpaAaMa. CKpaherome 3a Maconwce Tpe6a y3MMaTM npeMa Chemical

Abstract, 55, lj-397j (1961). HapoHMTy naxH>y Tpe6a nocBerHTH HHTepnyHK-

unjH. PaAOBM ce u,MTnpajy Ha cneAehH HanHH: Newton, M., Boer, F. and

Lipscomb, W., J. Amer. Chem. Soc, 88, 2353 (1966). Kit>Hre ce n.HTnpajy Ha

cjieAehn HaHMH: Rutgers, A. J., Physical Chemistry, Interscience Publ., New

York, 1954, CTp. 76—81.

3a paAOBe nwcane Ha cpncKoxpBaTCKOM je3MKy pycKy jiMTepaTypy Tpe6a

HaBOAMTM y H3BOPHOM oSjiMKy, a aKO je TeKCT nwcaH Ha HeKOM 3anaAHOM je3HKy

jiMTepaTypHe HaBOAe TpeSa TpaHCKpn6oBaTn (>K-zh; x-kh; u.-ts; n-ch; in-sh;

m-shch; bi-y; K)-yu; fl-ya; 3-e; ii-i).

IIoujto ce TjiacHMK npeBOAM Ha eHrjiecKM m M3Aaje y M3AaH>y National

Science Fundation, USA, Aureparypy 3a rpehu npvuiepaK pyKonnca o6ase3H0

Tpe6a npwnpeMMTH npesna noce6HHM ynyrcTBMMa NSF:

a) Hajnpe ce CTaBJba ayTopoBO npe3MMe, na nHnu.Hja.nH HMeHa;

6) aKO je pen o kh>h3m Aaje ce nyH HacjiOB KH»wre, Meero o6jaBJbMBaK>a,

itivie M3AaBaia, roAMHa o6jaBJbHBaH>a m cTpaHa, CBe 6ea ukokbux cnpahuBatba;

b) aKO je pen o HjianKy. pa™ nyH Ha3HB HJiaHKa h nyH Ha3»B Maconwca

y KOMe je HJianaK o6jaBJbeH, 6ea cKpahueaH>a. HaBecTM MecTO M3AaBaH>a naco-

iiMca, KH.nry m 6poj nySjiHKai^wje, nyHy narMHaqwjy HjiaHKa m AaTyM o6jaB-

jbMBaH>a;

r) aKo je to roBop Ha KOHrpecy, parn HacjiOB roBopa m MMe KOHrpeca.

Ako cy KOHrpecHM roBopH o6jaBjbeHM, a3tm AaTyM m MecTO o6jaBJbHBaH>a h

iiMe M3AaBaMa;

A) aKO je pen o 3aK0Hy, 3BaHMHHOM M3BeiiiTajy h cji. HaBecTM nyHO HMe

h MecTO nySjiiiKauHje.

M3boah paAOBa, cao6pajKeHH yc^oBHMa Chemical Abstract-a uiTaMnajy ce

na noce6HMM KapTnuaiwa y npmiory TjiacHMKa. Crora ce yMOJtaBajy ayropH Aa

y3 paA AOCTaBe^H JiHCTy BaxHHjwx nojMOBa KojM KapaKTepumy AonpHHOC paaa

Te 3acJiywyjy Aa no itHina paA 6yAe cBpcTaH y Chemical Abstract Subject

Index-y, Hnp.: KaTajiirja. eH3HMCKe peaKi;nje, xcmhh, mhaoji, xeMorjrooiin,

OKCMAauHja.
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TRACES OF SUPERPARAMAGNETrSM OF ZEOLITE 5A

by

DUSAN VUCELIC, MILENKO SUSIC, SLOBODAN 2EGARAC,

DRAGOMIR KARAULIC, and UGLJESA TODORIC

Electric and magnetic properties of synthetic zeolites have been relatively

little investigated 2). It has been found, howerer, that these properties are

very specific. For example, the electrical conductivity of zeolite is much greater

than would be expected from its structural properties. As for the magnetic

properties, zeolites are paramagnetic although all ions in their structure are

diamagnetic, and according to Singer and Stamires'2* zeolite 13x even has

ferromagnetic properties. Most authors believe that these effects are predo

minantly due to the presence of impurities. Yet the true role and nature of

these impurities has never been established. The zeolite Linde 5A investigated

in the present work can be represented, according to several authors(3 ",'5)

by the global formula

Ca4.5 Na3 [(A102)i2 (Si02)i2] Xh2o

Its crystal is pseudotesseral with the spatial group Pm3m and lattice con

stant a= 12.27 A.

Six octagonal and eight hexagonal oxygen rings build large cages 1 1 .4 A

in diameter, and small cages of 6.6 A. The large cages are connected by 4.9 A

"windows", the small ones by 2.2 A windows. The inners walls of the cages

are 0~2's with twelve uncompensated elementary charges. For their com

pensation there are Na+ and Ca+2 cations, which are fairly mobile and located,

statistically speaking, at sites of maximum Coulomb force density. Thus the

walls of the cages represent a large surface with an average charge density

of 0.14 CGSE/A.2. In small cages one Na+ ion compensates the surplus of

negative charge and is exchanged only with great difficulty.

METHOD

Linde 5A zeolite (Carbon Air Company) was freshly prepared before

each run by drying in vacuo, ~ 10~5 mmHg, at 400° C for 24 h. The magnetic

properties of the specimens, prepared in fused ampules, were investigated

after Faraday and by EPR on a Varian EPR spectrometer of the Boris Kidric

Institute at Vinca and the "Home Made" spectrometer of the Jozef Stefan

Nuclear Research Institute in Ljubljana.

5
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EXPERIMENTAL

The qualitative and semiquantitative analyses showed that the zeolite

contained impurities. The results agree with analyses of Singer and Stamires(2>,

except for the ferromagnetic impurities which were in this study ten times

greater, although the same methods were applied in both studies (photo-

colorimetric analysis). The following values were obtained: 0.102% Fe,

10"3% cu, 10 -<%, Ag, and 10 ~*% Cr.

Since Fe was most represented, and since it also has the strongest magnetic

properties, it was necessary to determine its nature. Figure 1 shows the EPR

1
 

Fig. 1

EPR spectrum of dehydrated zeolite Linde 5A

spectrum of the dehydrated zeolite. There are two well-defined maximums.

The first, symmetrical maximum (designated provisionally as I), with a width

AH~133 Gauss, appears at an unusually low field, g = 4.31. The second

(II), with a width of ~940 Gauss, is markedly symmetrical.

In addition to these two well-defined lines, there are two weak and narrow

lines at g=2.43, g=2.27. An analysis of EPR spectra of a specimen into which

the elements were incorporated by ion exchange showed that the two basic

lines belong to Fe, while it could not be ascertained whether the two weak

lines originated from Co or Cr. However, in view of their low concentration

their role cannot be of much importance. The spectrum of zeolite in which

Na+-ions were substituted by Fe-ions by ion exchange is shown in Fig. 2.

It may be seen that the line which appears at g=4.31 is slightly accentuated

and a new, very prominent line with a width ~ 900 Gauss appears at g=2.12.

The structure of the latter is shown in Fig. 3. Relative to the band, line II

maintained a similar asymmetric structure in its lower part. The ratio of

spin concentrations fitting these signals is 1 : 1 2.8. The results of colorimetric

analysis show that 13 Na are substituted by 5 Fe-ions. The qualitative

X-ray structural analysis indicates changes in the crystal structure.
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In addition to these characteristics we investiagted the influence of tem

perature (from —50 to 530 °C) and the sorption of H20, CH3OH, and CH4

molecules on the EPR spectra. Beginning at 500 °C the structure of the spec

ks CGSE

9

8 h

6 r-

2 -

 

1 2 3 4 5 6 Hk Gauss

Fig. 4

Magnetic susceptibility of zeolite 5A as a function of magnetic field strength

trum shown in Fig. 1 abruptly changes, and a wide and weakly expressed

asymmetric line of indefinite width is obtained at ~ 530 "C. On the other hand,

no obvious changes were found in the spectrum of the dehydrated zeolite

after the sorption of the mentioned molecules.
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The magnetic properties of the zeolite were investiagted by Faraday's

method and by EPR spectral shift. It was shown that although all the ions

which build the zeolite structure are diamagnetic, zeolite itself has weak

paramagnetic properties and quasi-ferromagnetic properties, which depend

on the amount of sorbed water or other gases. Figures 4 and 5 show plots

of the magnetic susceptibility per g, as a function of magnetic field strength,

 

H "

Fig. 5

Magnetic susceptibility of zeolite 5A as a function of reciprocal field strength

curves 1, 2 and 3 corresponding to zeolite with water sorption of 0, 0.5 and

0.8. Two components are clearly manifested: the "ferromagnetic" which

depends on the field, but which does not exhibit hysteresis, and the para

magnetic, which does not depend on the field. The paramagnetism of the

dry zeolite has the value x=+2.0xl0~6 CGSE/g.
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The influence of water is seen in the reduced susceptibility of both com

ponents, the susceptibility of the quasi-ferromagnetic component being redu

ced more than that of the paramagnetic component, in a ratio of 2 : 1 for a

constant amount of sorbed water.

The temperature dependence of the magnetism, as found from the shift

of the NMR peak by a previously published method'6- 7), is shown in Fig. 6.

DISCUSSION

The experimental results allow certain conclusions about the nature of

paramagnetic impurities and their influence on zeolite's properties to be

drawn.

First, iron appears in two forms: the paramagnetic form derives from

Fe-ions, because ion exchange only increases the paramagnetic component.

This is obviously due to the presence of iron cations replacing Na4 or Ca^2.

However, the quasi-ferromagnetic component has very characteristic pro

perties and depends strongly on field strength, like any ferromagnetic com

ponent does, but it does not show hysteresis. These properties are entirely

characteristic of the phenomenon of superparamagnetism.

The second form of iron present is finely dispersed ferromagnetic FesQi,

incorporated in the alumino-silicate lattice.

More details about the chemical nature of these forms can be deduced

from the EPR spectra. The asymmetry of band I and its g factor make it

attributable to the ferromagnetic magnetite FesO-j, which results from in

corporation of Fe-ions during synthesis and thermal activation.

These results agree very well with the results of Singer and Stamires(2>,

who examined ferrites on Y-zeolites and obtained a ferromagnetic signal

1600 Gauss wide at g=2.4±0. 1 for magnetite. Furthermore, this is consis

tent with sorption measurements. Water sorption is believed here to involve

the attachment of H bonds to the oxygen of the aluminosilicate matrix.

Ferromagnetism can be expected to decrease more than paramagnetism

as the molecules break out to the surface. This was the effect actually observ

ed. In keeping with this interpretation, the changes in the magnetic pro

perties of the specimen heated to 500 °C can be explained by changes in

magnetic properties of the solid phase in the proximity of the Curie tempera

ture of magnetite, 570 °C.

The origin of band (I) at g=4.31 is rather complex. The incorporated

Fe+3-ions give an entirely different band, at g=2.12. However, at the same

time there is a slight increase in band I.

Investigation of zeolite with ion-exchanged Fe12 is hindered by oxida

tion during exchange or heating the specimens. The resulting band in every

case has a g factor between 3.4 and 3.8. In some compounds containing trace

iron an anomalous valence of iron was found, with g factors close to the g

factor of band I (8.9) (Fe1- 1000 ppm in MgO g—4.15, Fe+ 1000 ppm in

NaF g—4.344). Hence way band I might be ascribed to the Fe+-ion. Irres

pective of whether a bivalent or monovalent ion is involved, the electronic

structure of the 3d subgroup has unpaired spins, which must lead to para

magnetism.
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Following Hund's rule for Fe+2:

(lS22S22P«3S23P«3d«)

3d6 f ]• f f f f has four unpaired electrons and a theoretical spin moment of

4.9 Bohr magnetons.

For Fe+:

(lS22S22P«3S23P«3d«4S1)

3d, 4S Ifttftt has five unpaired electrons, or, theoretically 5.92 Bohr

magnetons. Accordingly, Fe+ would have the same paramagnetic properties

as Fe+3.
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SUMMARY

The magnetic properties of the Ca-zeolite Linda 5A were investigated

by EPR and measuring the magnetic susceptibility by Faraday's method.

It was shown that the traces of para- and ferromagnetic impurities give the

zeolite superparamagnetic as well as paramagnetic properties. The para

magnetic component probably results from ions of monovalent iron. Super-

paramagnetism is a consequence of the finely dispersed magnetite Fe3C>4,

which during crystallization and activation gets incorporated in the alumino-

silicate matrix.
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POLAROGRAPHIC BEHAVIOR OF URANIUM

IN SOLUTIONS OF HYDROQUINONE

by

GABER EL INANY and DRAGAN S. VESELINOVlC

The reduction of uranium (VI) has been studied in various media

(1—9). While we find data in the literature for using phenols, like pirogal-

lol (5), as supporting electrolytes, we have no available information for

the polarographic behavior of uranium in solutions of hidroquinone. Ura

nium forms hydroquinone complexes (8) and further investigation of these

complexes appears to be needed, if they are to be used for polarographic

analytical purposes.

EXPERIMENTAL

Apparatus: All the polarograms were obtained on a Radiometer PO 4g polarograph.

All potentials were measured against saturated calomel electrode (SCE). The dropping

mercury electrode (DME) used had an m value of 2.39 mgjsec, and a drop time of 3.79 sec,

being measured in an air-free solution. The pH of the polarographic solutions was adjusted

with HjSOj and NaOH, and determined by a Beckman H-2 pH-meter.

Chemicals: Stock solutions of pure uranyl nitrate were prepared and standardized

gravimetrically. Freshly prepared solutions of pure hydroquinone, from Carlo Erba,

were used for every experiment. A 0.5 M sodium chloride solution was used for preparing

the supporting electrolyte. Triton X-100 (or gelatin) was used as a maximum suppressor.

All solutions were air-freed by bubbling nitrogen before recording the polarograms.

The influence of change of concentration of hydroquinone (H2Q). The influ

ence of variation of concentration of hydroquinone from 1 mM to 200 mM

on the half-wave potential and diffusion current was determined in solu

tions 0.001 M in uranium, 0.1 M in NaCl, pH=4.5. It is found that ura

nium gives two distinct waves, which change to two waves of close

(128 mM), and finally become one wave at higher concentrations of hydro

quinone (Fig. 1). The half-wave potential and diffusion current change are

shown in Table I. Addition of 1 mM of hydroquinone shifts the half-wave

potential of the first wave very slightly (—0.19 V) as compared with the

Harris and Kolthoff value (7) for the uncomplexed uranyl (—0. 1 8 V), which

shows that the uranyl is complexed. At pH=4.5, the hydrolysis of the uranyl

ions is appreciable and the polarographic reduction wave is affected by

the hydrolysis. The unhydrolized uranyl is reduced in the first step while

the hydrolized uranyl not reduced at this potential, but may reduce at the

potential of the second step. This second step may represent the reduc

13
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tion of the pentavalent species resulting from the first step as well as from

the reduction of the hydrolized species (4). This explanation means that

the magnitude of the second wave must be greater than that of the first,

■ aMM
A

\

/

ISO

_j

V

/ ft

—

90

40

a

1 j <

yf

a.1 r

tOl V

lto.iv

0

V

Fig. 1

Influence of hydroquionone concentration on the polarographic waves of uranium in

solutions: 110 'M U, 0.1 M NaCl, pH = 4.5, a) 0.016 M H.Q, b) 0.128 M H,Q,

c) 0.20 M H,Q.

which is born out by the experimental results in Table I. As the concen

tration of hydroquinone is doubled (2 mM), the half-wave potential shifts

to more negative values, which shows complexation of the uranyl. This

complexation causes both the decrease of the second wave and the shift

of the hydrolysis equilibrium, which then results in a further decrease

of the second wave. According to this the height of the first wave must

increase, but Table I shows that it decreases. This is due to the effect of com

plexation on the diffusion current, as can be seen from the total current,

which is less. Increasing the concentration of hydroquinone to 64 mM is

not accompanied by any change in the half-wave potential of the first

wave, indicating that the number of molecules of hydroquinone in the

uranium complex remains unchanged. Also, in this region the two waves

are of approximately equal height, while their total height is slightly dec

reased, as shown in Table I. The ratio of the diffusion currents of the two
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waves reaches 1.09, as compared to 1.36 at 1 mM. It is noticed that the

Ej/, of the second wave changes to less negative values with increasing

hydroquinone concentration. However, as the concentration of hydroqui-

none is less than 1 M, this positive shift shows that the stability of the penta-

valent uranium complex is less than that of the tetravalent complex. This

also shows that the number of complexed hydroquinone molecules is greater

in the tetravalent than in pentavalent uranium. Reducing agents stabilize

lower valency states (9), and this suggests that hydroquinone stabilizes the

tetravalent uranium more than the pentavalent. At a hydroquinone con

centration of 0.2 M only one wave of Ei,,=—0.32 V appears corresponding

to the reduction of complexed U (VI)->-U (IV). The reversibility of the first

wave as judged by the logarithmic analysis shows that it is reversible at lower

concentrations of hydroquinone and irreversible at higher concentrations

of the ligand, which corresponds to a one-electron reduction. The second

wave is totally irreversible, which also corresponds to a one-electron reduc

tion, as can be seen from the Id/Ik ratio (near 1).

The influence of pH. The effect of changes of pH on the half-wave po

tential and diffusion current were studied in solutions containing hydroqui

none concentrations giving one wave, i.e., a high concentration, and giving

two waves, i.e., a low concentration.

TABLE I

Influence of H,Q concentration on Ei,j, Ei,2, la and Id

UO.CNOj),— 1 • lO"3 molll, NaCl—1 • I01 mol/l, pH = 4.5

Cone, of

HQ mmolll

-Ei,j

V

-El,2

V

I'd

mm

Id Id = Id + Id

mm
Id/Id

mm

I 0.190 1.045 64.0 87.0 131 1.36

2 0.235 1.185 56.5 74.5 131 1.32

4 0.230 1.115 58.0 64.0 122 1.10

8 0.240 1.120 51.5 64.6 116 1.26

16 0.225 0.969 55.0 65.0 120 1.18

32 0.230 0.920 52.0 57.0 109 1.09

64 0.235 0.680 49.5 53.5 103 1.09

128 -0.480 ~0.620 ~22.0 —48.0 90 —1.1 1

200 one wave E,„ =—0.320 V 62 —

a. High concentration of hydroquionone. The influence of pH was deter

mined in a solution of 0.2 M hydroquinone, 1 • 10~3 M in uranium, 0.1 M

in sodium chloride and 0.0008",, in Triton X-100 as maximum suppressor.

It was found that there was only one wave in pH range from 2 to 5, after

which a second, ill-defined wave appeared, to disappear at pH about 7.

From Table II we observe that the half-wave potential changes slowly at

first, till about pH = 3.75, above which it rapidly goes much more negative.

After pH= 3.75 the plot of Ei/, vs. pH is a straigh line with slope (—Ai/,

A/pH) equal 0. 108, indicating that one hydrogen or hydroxyl group is involved
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in the electrode process, which is irreversible due to an electron exchange

step with n= 0.54. It can also by seen that the diffusion current is practically

constant till pH about 4.3, which shows that a complex species with con

stant composition exists in this pH region. Above this pH the diffusion

current decreases with increase of pH indicating changes in the complex

and perhaps due to the formation of another species which prevails at higher

pH values. At pH 6.25 some of the complex precipitates leading to a rapid

decrease in wave height.

b. Low concentration of hydroquinone. The solutions were as in a, but

the hydroquinone concentration was 64 mM and Triton X-I00 — 0.0016%.

Table III illustrates the influence of pH on the half-wave potential and diffu

sion current. It shows that the half-wave potential of the first wave is appro-

TABLE II

Influence of pH on Ei;2 and Id of Uranium in H,Q solution

U02(N03),— 1 • 10-' molll, NaCl— 0.1 mol/l, H,Q — 0.2 molil,

Triton X- 100 — 8 • 10 ' %.

pH —Ei,j la

V Tflttt

2.08 0.260 66.5

2.85 0.265 63.0

3.25 0.260 63.0

3.76 0.270 63.0

4.42 0.320 62.0

4.86 0.380 47.0

5.72 0.485 40.0

6.25 0.515 27.0

ximately constant, denoting that the reduction of the uranyl complex does

not involve protons in the range of 2.9 to 4.25. The half-wave potential of

the complex goes more negative with increasing pH, showing that the elec

trode process with the complex involves protons, the slope of the curve gives

a value for p=2. The complex of pentavalent uranium with hydroquinone is

stable, as seen from the half-wave potentials of the second wave in the pre

sence and absence of hydroquinone at pH%3.8 (Table III). With increasing

pH the half-wave potential of the second wave shifts to less negative values,

maybe due to the pH-dependence of the electrode process as well as to the

stability of the tetravalent uranium-hydroquinone complex. The diffusion

current of the first wave is approximately constant in the pH range of 2.9

to 4, which shows that one complex of stable composition exists in this pH

range, reducible at the electrode with one electron. Increasing the pH of

the solution by adding very small amounts of NaOH leads to hydrolysis of

this complex and decreases the height of the wave till pH= 6.05, where

precipitation occurs. The second wave is very high till pH=3.32 due to the
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reduction of the different species as hydrogen, as well as the reduction of

the pentavalent uranium complex to the complex of tetravalent uranium.

The height of the second wave is equal to that of the first wave in all pH

ranges, indicating that the reduction of the complex does not proceed beyond

that of the tetravalent state.

TABLE III

Influence of pH on Ei/2 and Id of Uranium in H,Q solution

UO, (NO,), — 1.10-' mol/l, NaCl — 0.1 mol/l, H,Q — 64 mmol\l

Triton X-100— 1.6 • 10"' %

pH
-Ei,j

V

"El;2

V

Id

mm

Id

without H2Q

-El/2mm pH
V

2.92 0.235 44.0  0.205

3.32 0.230 1.176 45.0 104.4 3.84 0.955

3.86 0.230 1.180 45.0 57.5

4.25 0.240 1.090 40.0 40.0

4.82 0.270 0.830 32.0 33.0

5.05 0.360 0.815 18.0 20.0

5.42 0.50 0.800 17.0 14.0

6.05 0.53 0.750 14.0 6.0

Id

mm

Influence of concentration of uranyl ion. The effect of changing the con

centration of uranium was investigated in solutions 0.2 M in hydroquinone,

0.1 M in sodium chloride and at pH= 3.84 and 0.005% gelatin as a maxi

mum suppressor. From Fig. 2 it is clear that the height of the wave is a li

near function of uranium concentration in the concentration range of 0—3

mM. From these results we can deduce that hydroquinone can be used

as a supporting electrolyte in the determination of uranium, but in con

centrations not less than 0.2 M, as the solid or as freshly prepared solution,

and the pH of the polarographed solution must be between 3.3 and 4.2.

SUMMARY

Reduction of uranium (VI) in solutions of hydroquinone at droppnig

mercury electrode yielded different waves depending on solution pH and

hydroquinone concentration. In weak acid media uranium gives a stable

complex which is not reducible at DME. In acid medium (pH<5) two

waves appear at low concentrations of hydroquinone (0.001—0.128 M).

Their half-wave potentials depend on the pH of the solution and on the con

centration of hydroquinone. Both waves are due to a one-electron reduction

(VI-vV) and (V->IV).

z
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From the changes of half-wave potentials and diffusion currents of

the waves with pH and concentration of hydroquinone it was concluded

that U (VI), U (V) and U (IV) give complexes with hydroquinone.

no

Id

wo

sol

60

20

0l

/<

0 0001 0.002 0.003

Fig. 2

Influence on uranyl ion concentration on the diffusion current in solutions containing

0.2 M H„Q, 0.1 M NaCl and pH= 3.84.

At high concentrations of hydroquinone (0.2 M) uranium has only

one wave well-defined in the pH range of 2 to 4.42, with Ei/t=—0.26 V vs.

SCE. The diffusion current is a linear function of the concentration of

uranium.
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NMR SPECTROSCOPY OF POLYCRYSTALLINE AMINO ACIDS.

T-AMINOBUTYRIC ACID

by

SLOBODAN S. RATKOVIC

1. INTRODUCTION

The degree of molecular mobility in all aggregate states of matter dras-

stically influences the shape and width of lines in the spectra of nucleaf

and magnetic resonance*1'. Hence this method affords great possibilities or

studying the dynamics of whole molecules and of individual atomic groupf

(CH3, NH3, OH, CH2, OH, etc.) within these, by following changes os

spectral parameters (line width, secondary moment) with temperature.

The present paper reports part of our investigation of crystalline amino

acids by means of NMR spectroscopy (proton resonance)*2, 3> 9> with the aim

of elucidating intramolecular mobility in this important group of organic

compounds. So far there has been no systematic study ofthis kind concern

ing amino acids, apart from certain reports on glycine'4, 5) and alanine*4*.

The results for y-aminobutyric acid [NH2 (CH2)3 COOH] are presented

below and discussed in correlation with related compounds. The basic

assumption is that y-aminobutyric acid in its crystalline state has the dipolar

structure [NHa+ (CH2)3 COO-], as is demonstrated for other amino acids,

particularly by the results of Raman and IR spectroscopy*6' and X-ray

diffraction*7*.

2. EXPERIMENTAL

For the present work we used specimens of polycrystalline y-amino

butyric acid (BDH), without any subsequent purification.

NMR spectra were recorded on a low resolution spectrometer (Varian

wide-line NMR spectrometer, Model V 4200 B) at a magnetic field strength

of 3.7 kgauss and a radio-frequency of 15.8 MHz. The modulation field

frequency was 40 Hz and amplitude 1 . 5 gauss, while the amplitude of the

RF field was kept a minimum in order to avoid saturation.

The spectra were recorded within the temperature range of about —50°C

to about +200°C (m.p. 203°C). The temperature of specimens in the NMR

spectrometer probe was regulated by blowing in gaseous nitrogen through

21
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a Dewar vessel with liquid nitrogen (for low temperatures) and by direct

blowing of heated gas (for higher temperatures). A special temperature regula

ting device (Varian variable temperature accessory) was used. Temperature

at the specimen location was recorded by copper-constantan thermocouple

before and after recording of each spectrum and was maintained constant

within 1°C.

A B

 

Fig. 1

Shape of PMR spectra for y-aminobutyric acid at several temperatures: (A) —35°C, (B)

+ 20'' C, (C) ~+200°C (substance partially melted), (D) +205° C (substance melted)

Low resolution NMR spectroscopy gives spectra as derivative lines

(first derivative of the absorption line). Line width AHmax was measured

between the two corresponding maximums (Fig. 1) and expressed in magnetic

field units (gauss). Second moments (mean square of line width) were

calculated by the formula18*

<AH2>

 

- -

The secondary moments thus obtained are expressed in gauss2. The details

of this calculation and corrections involved were described earlier*9'.
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3. TEMPERATURE DEPENDENCE OF AHm,x AND <AH'^

NMR spectra (}H) of crystalline y-aminobutyric acid resemble the

spectra of similar compounds such as glycine'4- 5) and e-aminocapronic acid(2).

Figure 1 shows the spectrum shape at several different temperatures in the

interval —50 °C to +200 °C.

Measuring the width of the outer line AHmax as a function of tempera

ture reveals two distinct phase transitions (Fig. 2). During cooling the line

width changes in the interval from about +50 °C to —15 °C, from 12 G.

to about 18 G. The transition is centered at about + 15 °C. At higher tempe

ratures the line width remains constant at 1 2 G till the melting point(+203 °C)

is reached, when the second phase transition occurs and the spectrum narrows

down abruptly (Fig. 2, Fig. 1, D).

AHmax

(gauss)

200

o

o.

I

10 0

-o-o -qo

m.p.

-50 0 + 50 +100 +150 + 200

TEMPERATURE (°C )

Fig- 2

Temperature dependence of the line width AHmax for y-aminobutyric acid

The second moment better illustrates the temperature dependence of

the overall shape of the NMR spectrum than does the line width. It too

reveals two phase transitions (Fig. 3). Cooling to below room temperatures

the second moment begins to rise beginning, at about 1 7 G2, to reach a maxi

mum of about 32.5 G2 below —30 °C. Heating to +50 °C and over the mo

ment very gradually decreases down to the melting point, when an abrupt

drop occurs to about 1 G2.

4. LOW TEMPERATURE PHASE TRANSITION EXPLAINED

It has already been mentioned in the introduction that a dipolar structure

is expected for y-aminobutyric acid in the solid state [NH3+(CH2)3 COO-],

as for other amino acids*6, 7), although no data on the crystal structure of this

compound have been reported*10'. It is very likely that here too the lattice
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is held together by intermolecular hydrogen bonds N—H ... O, in which

the polar NH3+ and COO" groups of adjacent molecules take pan.

In our previous study on the proton resonance of compounds of similar

structure it was concluded from the PAIR spectra of partially deuterized

compounds of the type ND3+ (CH^ COO- that the CH2 groups are immo

bile at room temperature (rotational immobility). A similar conclusion was

also inferred for glycine'5', the first in the series of amino acids. Hence it

follows that the contribution of the CH2 groups to the total NMR spectrum

is on the whole constant, the principal change in the spectrum being due

to rotation of the NH3+ group about the C—N axis. It is to be noted that

the intensity of NMR signals also indicates that the contribution of protons

of one rotating NH3 group is greater than that of three immobile CH2 groups.

 

♦ 150 +200

TEMPERATURECC)

Fig. 3

Temperature dependence of the second moment of the PMR spectrum for Y-amino-

butyric acid

For y-aminobutyric acid (Figs. 2 and 3) at low temperatures below

—30°C the line width reaches a constant maximum of AHmtt!1=18 G and

the second moment <AH2> =32.5 G2. Theoretical calculations15' show that

for a rigid NH3 molecule with an interproton distance H—H of 1.67 A

the NMR maximum line width would be 18.2 G. This is obviously in full

agreement with our measurements. As for the second moment the value

obtained is close to that for glycine (30.5 G2)(5); for molecules of this type

the second moment should be of the order of about 30 G2.
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The results allow the conclusion that the rotation of the NH3+ group

is frozen out below —30 °C and that the crystal lattice of y-aminobutyric

acid is rigid (except for vibrations). As the temperature rises the NH3+

group begins to rotate about the C—N axis and at an increasing frequency.

From the experimental data for the change in second moment during the low

temperature phase transition (Fig. 3) we calculated the correlation frequen

cies vc for the rotation of the NH3 f group, from the following formula*11' :

 

where AH, is the second moment at any temperature during the phase tran

sition, AH2 is the square root of this value (sic), (AH|)r is the second moment

after the phase transition (at higher temperature), and (i and h are the proton

magnetic moment and Planck's constant. The correlation frequencies obtain

ed lie within the range vc= 2.8x 104 Hz (t=—36.4 °C) to vc=2.4x 105 Hz

(t=+30.0°C). This is in agreement with theory'1' that when ve reaches

104—105 Hz the NMR spectrum suddenly narrows down relative to that for

the rigid lattice.

The high temperature phase transition of y-aminobutyric acid, which

occurs at about + 200 °C, involves melting of the substance. The change

from the solid to the liquid state destroys the crystal lattice and gives rise

to random molecular movement, resulting in drastic reduction of the line

width.

5. ACTIVATION ENERGY FOR THE ROTATION OF NH3 GROUP

From the low temperature phase transition, which assigned to a change

in the mobility of the NH3+ group, we may calculate activation energy Ea

or the potential barrier height V0 which hinders free rotation. Here we shall

present two different procedures for calculating of Ea and V0. In both cases

rotation is understood to be a thermally activated process.

Powles and Gutowsky'11' apply the BPP theory'1' to solid systems and

derive a relationship between the experimental second moment, the activation

energy Ea and the temperature T :

. ( (AH2)r 7r f AHl

ml- —tan —

\ AH2 6 \_(AHl)t

^■-+C (3)

R T

AH?, AH2 and (AH2) are the same as those in Eq. (2), R is the gas constant

and C a constant of the equation. Introducing the corresponding experi

mental data for y-aminobutyric acid (Fig. 3), In (. . .) was calculated for

each temperature during the phase transition and plotted against 103/T

(Fig. 4). From the slope of the obtained straight line (tan a) the activation

energy was computed by the formula

Eo=103Rtana (4)

giving Ea=9.6 kcaljmol.
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In the second case the procedure given by Das<12) was applied. From the

relation between the correlation frequency and the potential barrier height

 

 

i 1 1 1 1

30 L0 5.0

JO*

T

Fig. 4

Plot of In {. . .} = f (I0a/T) to calculate activation energy Eu for rotation of the NH* group

in y-aminobutyric acid
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In vc=f(103)/T is calculated for the various V0 values. From a comparison

with the experimental correlation frequencies calculated by Eq. (3) it is pos

sible to estimate the corresponding V0(9). Taking I</=5.14x 10-40 gem2

as the effective inertial moment of the NH3 group, we obtained V0=9.5

kcal\mol for y-aminobutyric acid.

It is seen that in the two procedures give practically identical results,

which also indicates the equivalence of the quantities Ea and V0.

Table I shows our calculations of Eo and V0 for taurine and e-amino-

capronic acid(2> 9> and the literature data on V0 for glycine and |3-alanine(12).

Very good agreement between the two methods may be noted here, as for

Y-aminobutyric acid.

6. CORRELATION WITH OTHER AMINO ACIDS

9.0 J
 

f> NH*(CH2)2 SOg

• NHjICHj^ COO'

O NHjlCH2) COO"

? 7.0 J

E

o

>

e

5.0 J

 

2.8 2.9

Tn-H.-.O IA)

fig. 5

Correlation between height of the energy barrier V„ hindering rotation of the NH* group

and length of the N — H. . .O hydrogen bond
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The order of magnitude of the calculated activation energies fully con

forms with the known energies of the hydrogen bond which vary within

the range 6—10 kcal/mol for amino acids'14'.

The calculated potential barrier V0 gives an indication of the degree

of mobility of the NHs+ group relative to the rather rigid molecular frame

work in molecules of different amino acids in the solid state. Thus it may

be concluded for the series of compounds taurine, glycine and e-aminocap-

ronic acid that V0 increases with shortening of the N—H . . . O hydrogen

bond (Fig. 5).

TABLE I

Energy Barrier Height V0 (Activation Energy Ea) for Rotation of NH3 Group in Different

Amino Acids

Amino acid

Taurine

Glycine

fi-Alanine

y-Aminobutyric acid

e-Aminopicronic acid

Formula

NrV(CH,),SCV

NHs+(CH,)COO-

NrV(CH,),COO-

NrV(CH,),COO-

NrV(CH,)sCOO

kcaljmol

4.S

9.6

9.0

kcallmol

5.0

6.1*

8.0*

9.5

9.0

* According to Das(12).

11.0

Vo 9.0

(Kcal/mol)

7.0

5.0

o NHjCHj- COO"

• NH^CHj^OO"

• NBjfCH^jCOO"

• NHjta-y^coo-

Position of NH^ group

Fig. 6

Correlation between energy barrier V„ and position of the NH* group in the molecule

(from a to e).
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Another interesting correlation is obtained from a comparison between

Vo and the position of the NH3+ group in the molecule (Fig. 6). In this case

the energy barrier V„ increases with increasing molecule length, i.e. in de

pendence on the position of the amino group, reaching a maximum value

of 9.0—9.5 kcal\mol. This could be explained by the greater probability

of interaction between the NH3+ group and the adjacent bonds in case of

bigger molecules, which is naturally bound to influence the mobility of this

group <12- 13>.

Further information on the behavior of the NH3+ group in amino acids

will be obtained by the measurements now in progress concerning the tempe

rature dependence of the spin-lattice relaxation time Ti.

SUMMARY

Low resolution NMR spectroscopy was applied to investigate intra

molecular mobility of Y-aminobutyric acid. The proton resonance (PMR)

spectra were recorded in the temperature interval —50 °C to + 200 °C

Temperature dependence of the line width and the second moment of the

PAIR spectra evidence two phase transitions. The low temperature transition,

centered on +15 °C, is attributed to a change in the rotational mobility

of the NHs+ group relative to the relatively rigid molecular framework.

It is concluded that below —30° C the rotation of NH3+ is frozen out. The

phase transition at + 200 °C corresponds to melting of the substance.

The activation energy E0 and potential barrier height VP for the rotation

of an NH3+ group in y-aminobutyric acid were calculated in independent

ways, assuming that the process involved is thermally activated, and the values

Eo= 9.6 kcaljmol and V0=9 5 kcaljmol were obtained.

The results for some other amino acids are presented and a relation

between V0 and the N—H . . . O hydrogen bond length and the position of

the NH3+ group in the amino acid molecule (from a to e) is given.
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When treated with lead tetraacetate in a non-polar solvent (particu

larly benzene), saturated primary and secondary alcohols (I, Scheme 1),

containing (^-unbranched) chains of four or more carbon atoms undergo

as the major reaction internal cyclization to afford chiefly five-membered

cyclic ethers (IV), accompanied (in cases ewhen allowed by structural fea

tures in the substrate) by a small amount of isomeric six-membered cyclic

ethers (C)(2_5). This reaction (a, Scheme 1) has been systematically inve

stigated on various acyclic(3~9>, cyclic(5> 10 13' and steroid alcohols*2- m-i7)j

and represents an intramolecular susbtitution of hydrogen by hydroxylic

oxygen on a non-activated 8- (and/or e-) carbon of a methyl, methylene

or methine group, whereby the functionalization results in ring closure

to tetrahydrofuran-type (and/or tetrahydropyran-type) ethers (IV and V,

respectively).

Depending on the structure of the substrate and on reaction condi

tions, two other processes, competing with cyclic ether formation, are pos

sible when alcohols are subjected to the action of lead tetraacetate (Scheme 1).

One of these reactions, viz. ^-fragmentation (reaction b) leading to a car-

bonyl fragment (VII) and a carbon radical fragment (VI) [which usually

affords as final products, via pathways b' and b", an acetate (IX) and/or

an olefin (X)], results from homolytic Ca—Cp bond cleavage in the alkoxy

radical (III)'4- 5- 15, 18> 18> 19), this same radical being also responsible for

internal hydrogen transfer followed by ring closure (reaction a) to cyclic

ether (IV and V) (4, 5' 8> 10- ls- 18' 19>. The other reaction, i.e. oxidation to

the aldehyde or ketone (XI) corresponding to the starting alcohol (I), pro

ceeds by heterolytic decomposition (c) of the alkoxy-lead (IV)-acetate inter-

* Communication XXIII on Reactions with Lead Tetraacetate. For Communication

XXII see ref. (1).

** Address for correspondence: Department of Chemistry, School of Sciences,

Belgrade University, Studentski trg 16, P. O. Box 550, 11001 Beograd, Yugoslavia.
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mediate (II) and possibly (but usually only to a small extent) by hydrogen

atom removal (c') from the alkoxy radical (III) <5> 8_10- u. 19-22).

 

IX x

fragmentation

Scheme 1

Scheme 2 shows the probable mechanism of the cyclization process

(a) when conformationally mobile, e.g. open-chain, alhohols are used as

substrate in the lead tetraacetate reaction*4- 5- 10> 15- 16, 23). The key-step

in this sequence involves intramolecular homolytic hydrogen abstraction

from a non-activated 8- (and/or e-) C—H group by the alkoxy radical (III),

which is controlled by a cyclic six-membered (and/or seven-membered)

transition state (XII, n=l and/or 2), and leads to a carbon radical (XIII).
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One-electron oxidation of (XIII) affords the corresponding carbonium

ion (XIV), which finally undergoes ring closure to cyclic ether products

(IV and/or V). [In certain cases, particularly with conformationally rigid

cyclic alcohols, it appears that 8- (and/or e-) hydrogen abstraction in the

alkoxy radical (III), via transition state (XII), leads directly (step a') to

cyclization products (IV and/or V)(15>.]

Tb (OAc)3 Tb (OAc)3

 

XIV XIII

IV (n= l) is usually the predominant ether product

Scheme 2

The structural environment of the Q—He and Ce—H bonds may

influence the ease of the respective intramolecular 1,5- and 1,6-hydrogen

abstractions by alkoxy radicals [Scheme 2, step III->-(XII)->-XIII] and,

therefore, may affect the relative yields of the ether products in the lead

tetraacetate oxidation of alcohols. Thus, an ether oxygen enhances the

reactivity of an adjacent C8—H bond towards internal hydrogen transfer

in the lead tetraacetate reaction of acyclic 1,2- and 1,4-hydroxy ethers

(Scheme 3, examples B-l and B-2, respectively), resulting in shorter reaction

times and in slightly higher yields of five-membered dioxolane and 2-alko-

xy-tetrahydrofuran derivatives [compared to the reaction times and yield

of tetrahydrofurans observed in the lead tetraacetate oxidation of saturated

primary aliphatic alcohols; see Scheme 3, example A-\]aK However, when

the ether oxygen is attached to an s-carbon atom, as in the case of acyclic

1,3- and 1,5-hydroxy-ethers (Scheme 3, examples C-l and C-2, respecti

vely), it exhibits a considerable activating influence on the ease of 1 ,6-hydro-

3
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gen abstraction from the C—H bond of the e-methylene group, thus

increasing by a factor of 10 or more the yield of six-membered cyclic ethers

[and suppressing, in the case of example C-2, the usually favored formation

of five-membered cyclic ethers ] (7> 24).

On the other hand, although a benzylic hydrogen indergoes intramo

lecular homolytic abstraction more readily than a hydrogen of a non-acti

vated C—H group*25*, in the lead tetraacetate reaction a phenyl group attached

to a S-carbon atom of a primary unbranched acyclic alcohol, such as 4-phe-

nyl-l-butanol (Scheme 3, example D-l), does not cause an increase (but

rather a slight decrease) in yield of the tetrahydrofuran product'27- 28>.

However, when a benzylic e-methylene group is present in a primary acyclic

R-CH2-CH2

(A)

CH2 OH
R-CH.-CH-

 

(1) R = alkyl, R' = H

(2) R = alkyl, R' = CH,

48-50%

38-44%

3-4%

1%

(B)

 

R-Y- CH

T

 

(1) Z = O, R-Y = alkyl or C,HS

(2) Z = CH„ Y = O, R = alkyl
52-54%

(C)

R-W-CH2-X OH R-W-CHj-X

r-\t 

(1) X - O, R-W - alkyl or C.H,

(2) X = CHS, W = O, R = alkyl

Ph-tCHJ.-CHj OH

(D) | |

jo

Ph-(CHS)„-CH O

u +

 

(1) n=0

(2) n=l

40- 49%

48-50% 9%

Scheme 3
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alcohol, such as 5-phenyl-l-pentanol (Scheme 3, example D-2), the ease

of intramolecular 1,6-hydrogen abstraction resulting in six-membered cyclic

ether formation in the lead tetraacetate reaction is somewhat enhanced*!27^

(as compared to tetrahydropyran formation from primary saturated ali

phatic alcohols; see Scheme 3, example A-l), but still considerably less

than in the case of the above mentioned 1,5-hydroxy-ether (Scheme 3,

example C-2).

In the present paper we wish to report some further observations on

the lead tetraacetate oxidation of phenyl substituted primary and particularly

secondary acyclic alcohols. This study was undertaken with a view to deter

mining the effect of the position of the benzene ring (in the substrate) on

the ease of ring closure to phenyl-containing tetrahydrofurans and tetra-

hydropyrans, on the amount of products resulting from ^-fragmentation,

and on the ratio of cyclization to the two other competing reactions, i.e.

^-fragmentation and ketone formation.

 

+ PhCHO + PhCOOK +

o

(31%) (~2.%) (24%)

XXI XXII XXIII

Scheme 4

* A similar, moderate benzylic C»—H activation of intramolecular 1,6-hydrogen

abstraction has been reported for open-chain alkoxy radicals generated by hypochlorite

decomposition'", *•>.
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When treated with lead tetraacetate (in refluxing benzene), the two

isomeric secondary pentanols — 5-phenyl-2-pentanol (XV), with the phenyl

group attached to the 8-carbon atom, and 1 -phenyl- 1-pentanol (XVI), with

the phenyl residue on the carbinol (a-) carbon atom, afford the products

which are given (with their yields) in Scheme 4.

Both alcohols undergo ring closure to the same cyclic ether, 2-methyl-

-5-phenyltetrahydrofuran (XVII), but in quite different yields. 5-Phenyl-

-2-pentanol (XV) behaves similarly to simple secondary aliphatic alcohols

(4, 5, 8, i8)) affording as the major product the cyclic ether (XVII) and only

a small amount of ketone (XVIII), whereas ^-fragmentation products, if

present, do not exceed 1%. However, here again, as in the above menti

oned case of the primary 4-phenyl-l-butanol<27- 28) versus saturated pri

mary aliphatic alcohols (Scheme 3, examples D-\ and A-\), the five-mem-

bered cyclic ether (XVII), Scheme 4) is produced in somewhat lower yield

(36%) than the tetrahydrofurans obtained (in 38—44% yield) in the lead

tetraacetate reaction of structurally similar secondary aliphatic alcohols (Sche

me 3, example A-2), in spite of the facts (a) that a benzylic secondary C—H

bond is weaker by about 20 kcal/mole than a corresponding non-activated

C—H bond<29> and should therefore more easily undergo intramolecular

hydrogen abstraction by alkoxy radical, and (b) that the phenyl group

should stabilize the electron-deficient benzylic species (XXV) and (XXVI),

derived from alcohol (XV), and postulated as intermediates in the lead

tetraacetate cyclization of alcohols (see Scheme 2, XIII and XIV).

xv rn — rn »

Ph^ HO^^CH, Ph-^ HO^^CH,

XXV XXVI

resonance stabilized species

This apparent contradiction is most probably due to the fact that the

activated benzylic S-methylene group in alcohol (XV) undergoes, in pan,

direct intermolecular attack by lead tetraacetate (or radical species present

in the reaction mixture)* to give (possibly through a stable secondary benzyl

radical and/or cation)** the corresponding 8-acetoxyalcohol and other ace-

toxylated products derived from transformations at the hydroxyl group

site***, such as the diacetate (XX, Scheme 4)****<27> [see also<7> and(22)j.

* Attack of lead tetraacetate (resulting in acetoxylation) at a C—H bond adjacent

to an aromatic ring system is a well known reaction (17).

** It is also possible that these electron-deficient benzylic species, i.e. (XXV) and

(XXVI), are actually formed by intramolecular reaction from the alkoxy radical correspond

ing to alcohol (XV) (as proposed to explain the cyclization mechanism; see Scheme 2,

(XIII and XIV), but because of their stability (due to resonance with the adjacent phenyl

group) they are not only incipient but become more fully developed, and can therefore

undergo other reactions (such as acetate addition of hydrogen elimination), besides inter

nal ether bond formation.

*** Naturally, acetoxylation at the benzylic position can also occur subsequently,

i.e. after the formation of products XVII, XVIII and XIX.

**** Spectral data of the high boiling residues (not investigated in detail) obtain

ed in the lead tetraacetate oxidation of all alcohols studied in this work, suggest the pre

sence of substantial amounts of products acetoxylated at the benzylic carbon atom.
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Since, therefore, this process at the activated benzylic S-carbon is

independent off, and not coupled intramolecularly with reaction at the

alkoxy radical center, it can take place when the molecules (of alcohol XV

or the corresponding alkoxy-lead (IV)-acetate and alkoxy radical) are in

the most stable conformation (XVa). However, in such an energetically

preferred conformation (XVa), in which the oxymethyl group and the ben

zylic S-methylene group are and oriented and therefore far apart, the alkoxy

radical derived from alcohol (XV) cannot undergo internal 1,5-hydrogen

transfer (leading to cyclization). In order to bring the radicalic oxygen and

one of the benzylic 8-hydrogens to the optimal distance [2.5—2.7 A(15>]

for such an intramolecular S-hydrogen abstraction [resulting in the for

mation of cyclic ether (XVII)], the alkoxy radical molecules must take up

pit
 

R = CH,

XVa XVb

a less favorable conformation, such as (XVb), in which the oxymethyl group

and benzylic S-methylene group are gauche to each other.

In the case of the isomeric secondary 1 -phenyl- 1-pcntanol (XVI, Scheme

4), the formation of the cyclic ether (XVII) is suppressed (the yield of cyc

lization being only 5%) in favor of oxidation to ketone (XXI) and p-frag-

mentation to benzaldehyde (XXII) [which readily undergoes autooxidation

and was therefore, in major part, isolated in the form of benzoic acid

(XXIII)<")]. The relatively high yield (31%) of oxidation to ketone (XXI)

[this being rather unusual for reactions of lead tetraacetate with alcohols

in nonpolar solvents'1-8- 10)] is due to the enhanced stability (by conjugation

with the benzene ring) of valerophenone (XXI), produced by a-hydrogen

elimination (see Scheme 1, reactions c and c')*. The structure of alcohol

(XVI) also favors the (3-fragmentation reaction (yield ~26°„), since one

of the fragments — in this case the carbonyl fragment (XXII, i.e. XXIII),

formed by initial Cu—Cp bond cleavage (see Scheme 1, reaction b, fragment

VII), is stabilized by phenyl conjugation**.

* The case of the oxidation reaction (Scheme 1, reactions c and c') is in general

considerably increased when in the resulting ketone or aldehyde (Scheme 1, XI) the car

bonyl group is conjugated with an aromatic ring*27' %nK

** When the carbonyl fragment (Scheme 1, VII) is an aliphatic aldehyde (and

the carbon radical fragment VI is not stabilized), as in the case of alcohol (XV, Scheme 4)

(and other aliphatic alcohols), the yield of the ^-fragmentation reaction is very low (usually

about 1—2%)<«-5. l8>.
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[The rate of the ^-fragmentation reaction (Scheme 1) depends on the

stability of both the fragments VI and VII*5- 15- 18>].

It should be noted that 2-methyl-5-phenyltetrahydrofuran (XVII), (Sche

me 4), obtained from either alcohol (XV) or alcohol (XVI) consists of a

mixture of the cis- and rrans-isomer, and that the cisjtrans ratio is the same

in both cases (about 40:60).

Scheme 5 shows the results (products and yields) of the lead tetra

acetate reaction of two other constitutionally isomeric secondary alcohols,

 

(6%) (5%) (11%) (14%;

XXX XXXI XXXII

 

(31%) (11%) (4%) (9%)

XXXVIII XXXIX XL

Scheme 5
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6-phenyl-2-hexanol (XXVII) and 1 -phenyl-2-hexanol (XXVIII). Only alcohol

(XXVII) undergoes ring closure, and affords 2-benzyl-5-mcthyltetrahydro-

furan (XXIX) (major product) and other products in yields which are com

parable to those observed in the lead tetraacetate reaction of saturated secon

dary aliphatic alcohols (see Scheme 3, example A—2)<4> 5- *• 18>. The only

noticeable difference is the higher yield of the cyclic six-membered 2-methyl-

-6-phenyltetrahydropyran (XXX) [see also Scheme 3, example D—2'27'].

This is a consequence of the activating influence of the benzene ring on

the adjacent e-methylene group, whereby this effect weakens the corres

ponding benzylic CE—H bonds and thus facilitates intramolecular 1,6-

-hydrogen abstraction by the alkoxy radical. It is possible that the yield

of tetrahydropyran (XXX) would be still higher if the activated benzylic

s-carbon was not attacked intermolecularly, as discussed above.

Although the constitution of 1 -phenyl-2-hexanol (XXVIII, Scheme 5)

would permit ring closure to ether (XXIX), this alcohol does not undergo

cyclization, but affords predominantly products (XXXV—XXXVIII) result

ing from ^-fragmentation. That here fragmentation (which proceeds in

about 31% yield) is energetically preferred to intramolecular 1,5-hydrogen

transfer (which is completely suppressed) is due to the fact that alcohol

(XXVIII) is a homobenzylic alcohol and that, therefore, as shown in Scheme

6, upon homolytic cleavage of the bond between the carbinol (a) carbon

atom and the adjacent benzylic ((}') carbon atom in the alkoxy radical (XLI),

it affords a particularly stable carbon radical fragment, i.e. the resonance

stabilized benzyl radical (XLII)'-7, 28- a0- 31). The formation of the various

final fragmentation products (XXXV—XXXVIII) is also illustrated in

Scheme 6.

XXVIII

Pb (OAc),

Ph-COOH

XXXVII

autoxid.

Ph R'JU I

XLI

oxul.

Ph-CHO

XXXVI

hydrolysis

/

Ph-CH

\

OAc Pb (OAc),

OAc

XLV

Ph-CH, +

XLI1

5>
Ph-CHa

XLIV

AcOS

Ph-CH2OAc

XXXV

H

/
0

XLIII

autoxid.

 

XXXVIII

Scheme 6
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The unexpectedly high yield (~19%) of the non-conjugated benzyl

butyl ketone (XXXIII) [together with its acetoxylated derivative (XXXIV)],

may be accounted for by assuming that in addition to the normal direct

oxidation reaction (see Scheme 1, reactions c and c'), a process (shown in

Scheme 7), involving intermolecular attack at the benzylic ((3') methylene

group of alcohol (XXVIII) or its acetate (XXXIX) (as discussed above)

and the formation (via the benzylic electron deficient species XLVI and/or

XLVII) of a phenyl conjugated enol (XLVIII), is also operative. The rela

tively facile subsequent benzylic acetoxylation of ketone (XXXIII) should

also be due to the energetically favorable enolization (because of conju

gation with the benzene ring) giving rise to the enolic lead ester of type

XLIX (Scheme 7), which then decomposes to the acetoxyketone (XXXIV)<17).

Preferential benzylic acetoxylation resulting in the formation of 1-ace-

toxy- 1 -phenyl-2-hexanone (XXXIV, Scheme 7), was also observed when,

in a separate experiment, 1 -pheynl-2-hexanone (XXXIII) was treated with

lead tetraacetate (acetoxylation at carbon C—3 being negligible).

The lead tetraacetate reaction of another homobenzylic alcohol, the

primary 2-phenyl- 1 -pentanol (L, Scheme 8), gave, as expected, similar

results [as alcohol (XXVIII)]: no ring closure (to cyclic ether LI) but

chiefly [3-fragmentation (in about 33% yield). Since in this case the carbon

xxvm

or

xxxix (Z)

 
-£.

Ph'

OR

XLVII

 

(AcO),PbJ

XLIX

(from XXVIII) or Ac (from XXXIX)

R'\
Z --Pb(OAc)„ -pb(OAc),, . )>CHO , etc

Scheme 7



41

radical fragment and the derived carbonium ion are secondary alkyl-benzyl

species [CH3CH2CH2—C*H—Q1H5 (*= ■ and +)], stabilization to final frag

mentation products occurs either by acetate addition or by proton elimi

nation (see Scheme 1, reaction b"), whereby a mixture of approximately

equal amounts of 1 -phenylbutyl acetate (LIV, Scheme 8) and 1-phenyl-

-1-butene (LV) is obtained.

 

(6%) (4%) (17.5%) (15.5%)

LII LIII LIV LV

 

It should be noted that the oxidation reaction of alcohol L, as reflect

ed by the yield of the corresponding aldehyde (isolated as acid LII) and

its acetoxylated derivative (isolated as the unsaturated acid LIII)*, is not

as favored as in the case of ketone formation from the secondary alcohol

* Probably because of easy loss of acetic acid from products containing an acetoxy

group on the tertiary benzylic carbon :

Pb(OAc)4

 

, (-AcOH) _ I

OAc

R=CHO or COOH
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(XXVIII, Scheme 5) (probably because of the lower stability of aldehydes

with respect to ketones), but that it proceeds in higher yield (10%) than

the conversion of primary aliphatic alcohols to the corresponding aldehydes

by means of lead tetraacetate (usual yields 2—5l'0)<3-8>, possibly because

aldehyde formation from alcohol L follows, in part, a course similar to

that suggested above for ketone formation from the secondary alcohol

XXVIII, which is shown in Scheme 7.

In conclusion, it can be said that for the preparation of phenyl-cotain-

ing tetrahydrofurans by the lead tetraacetate reaction, alcohols with a

phenyl group attached to the (y-), 8- or e-carbon should be chosen as sub

strate, whereas benzylic alcohols (such as XVI) and homobenzylic alco

hols (such as XXVIII and L) cannot be used for this purpose, since they

cyclize in very poor yield (benzylic alcohols), or do not cyclize at all (homo

benzylic alcohols), but undergo predominantly ^-fragmentation (and, in the

case of benzylic alcohols, oxidation to the corresponding carbonyl com

pounds as well).

EXPERIMENTAL

B.p.'s and m.p.'s are uncorrected. Gas chromatography: Perkin-Elmer Model 1 16-E

(thermistor detector), Varian Aerograph Model A-700 (thermistor detector) and Varian

Aerograph Series 1200 (flame-ionization detector); the columns consisted of TCEP

[1,2,3-tris (2-cyanocthoxy) propane], Carbowax 20M or OV-225 (cyanopropylmethyl-

-phenyimcthyl-silicone), as stationary phases, adsorbed on Chromosorb P, as solid support;

the temperature of the columns, the sensitivity of the detector, and the pressure and flow

rate of the carrier gas (dry H,) were adjusted according to the fractions which were analysed.

IR spectra: Perkin-Elmer Infracord Models 137B and 337, NMR spectra: Varian A-60A

spectrometer; CC14 solutions and tetramethylsilane as internal standard (values given in

8 units).

General procedure for lead tetraacetate reactions <4. "'. — In a 500 ml round-bottomed

flask, equipped with a sealed stirrer and a water separator containing anhydrous K,C03

and connected to a reflux condenser, were placed 0.1 mole of dry starting alcohol (purity

checked by gas chromatography), 150 ml of thiophene-free benzene (dried over sodium)*

0.1 mole ( t-5"., excess)** of lead tetraacetate [recrystallized from acetic acid and dried in

vacuo over phosphorus pentoxide and potassium hydroxide; the purity was determined

iodometrically'1', and 0.1 mole ( ! 5"„ excess) of anhydrous calcium carbonate (dried in

vacuo over phosphorus pentoxide). The mixture was well stirred and heated to reflux***

until the tetravalent lead had been completely consumed (negative starch-iodide test or

non-formation of dark-brown lead dioxide upon addition of water to one or two drops of

the reaction mixture) and converted to insoluble, almost white lead diacetate.

After cooling to room temperature, the reaction mixture was treated with 150 ml

of dry ether and allowed to stand for 1—2 hours at 10— 19°. The solution was then decant

ed or filtered, 30—50 ml of ether added to the solid residue in the flask and the mixture

heated under rellux for 5 minutes. After cooling to 10— 18°, the mixture was filtered,

the precipitate of lead diacetate returned to the flask and the extraction with warm ether

repeated. (This extraction can also be carried out with a Soxhlet apparatus). The combined

* Vi'ith high-boiling, non-volatile alcohols it is recommended to first mix in the

reaction vessel the starting alcohol (0.1 mole) and excess benzene (~180— 190 ml), and

to distill about 30—40 ml of solvent in order to remove azeotropically any trace of water;

then add lead tetraacetate and calcium carbonate.

** Of 100% pure product.

*** If at that point the reaction becomes vigorous, heating is interrupted until the

mixture ceases to boil (usually a few minutes), and is resumed after the exothermic reac

tion has subsided.
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organic filtrates were washed successively with saturated aqueous NaHC03 (until neutral)

and saturated aqueous NaCl ("neutral part")- After drying (over anhydrous K,C03 or

CaSO,), the solvents (and low-boiling products, if any) were separated by fractional distil

lation at atmospheric pressure, while the higher-boiling products were fractionated under

reduced pressure through an efficient column. Each fraction was finally subjected to gas

chromatography in order to separate and isolate the pure components (for identification),

and to determine their yields*.

The acid components (i.e. autoxidation products of aldehydes) were isolated from

the NaHC03-washings ("acid part"), upon acidification with mineral acid (usually dilute

aqueous HC1), either by filtration (if solid acids were precipitated) or by extraction with ether

(and drying). If necessary, the ethereal solution was treated with diazomethane, and the

resulting methyl esters were separated and isolated by gas chromatography.

The reaction products thus obtained were identified by elemental analysis (if neces

sary^ IR spectra and NMR spectra, and/or (when possible) by comparing their physical

properties (gas-chromatographic retention times, spectral data, etc.) with those of authentic

samples prepared by independent routes. These comounds had in most cases already been

reported and described in the literture.

S-Phenyl-2-pentanol (XV). — Alkylation of ethyl aceto-acetate with (3-phenylethyl—

bromide followed by alkaline hydrolysis of the resulting ethyl (3-pehenylethylacetoacetate

afforded 5-phenyl-2-pentanone (XVIII), b. p. 135—137 at 17 mwi<33>, in 53% yield.

Sodium borohydride reduction*33* converted this ketone (in 74% yield) to 5-pehnyl-2-

pentanol (XV), b. p. 140—142° at 17 mm<33».

The lead tetraacetate reaction was completed after 8 hours. Upon fractional distila-

tion of the "neutral part" at 19 mm, the fractions boiling at 115—125° (4.4 g), 125—144°

(4.3 g) and 144—152° (3.7 g) were subjected to preparative gas chromatography, affording:

cis- and *rans-2-methyI-5-phenyltetrahvdrofuran (XVII)(3''> in 36% yield (cis- trans

ratio = 40:60) [IR: 1090 cm1 (C—O—C); NMR: aj-isomer: 8= 4.03 (IH, C,—H) and

4.72 (1H, C5—H), fraHi-isomer: 8 = 4.33 (1H, C„—H) and 4.97 (1H, C„—H); Analysis

— Found: C, 81.34; H, 8.90%. Calc. for C„H140 (162.22): C, 81.44; H. 8.70%]; 5-phenyl-

2-pentanone (XVIII) in 3.5% yield (32) [IR: 1720 cm1 (C= 0); NMR: 8 = 1.87 (3H,

COCH3), 2.15 (2H, COCH,) 2.56 (2H, PhCH2)]; 5-phenyl-2-pentyl acetate (XIX) in

14% yield [IR: 1740 cm~l (C = 0), 1240 cmr1 (C—O)]; 1-phenyl-l, 4-pentanediol diace-

tate (XX) in 5% yield [IR: 1740 air1 (.C = 0), 1240 cm-1 (C—O); Analvsis — Found:

C, 68.30; H, 7.69%. Calc. for C15H,0O4 (264.31): C, 68.16; H, 7.63%] starting alcohol

(XV) in 12% yield.

\-Phenyl-\-penlanol (XVI). — This alcohol, b. p. 133—136° at 15 mw<M. *•>, was

obtained in 68% yield from benzaldehyde and butylmagnesium bromide.

The lead tetraacetate reaction was completed after 12 hours. Preparative gas chro

matography of the "neutral part" fraction, b. p. 132—141 5 at 19 mm (11.4 g), afforded:

2-methyl-5-phenyltetrahydrofuran (XVII) in 4.8",, yield (identical whit the product ob

tained from alcohol XV); valerophenone (XXI)(37> in 31",, yield; benzaldehyde (XXII)

in about 2% yield; 1 -phenyl- 1-pentyl acetate (XXIV)<3"> in 11% yield [IR:" 1740 cm-1

(C= 0), 1240 cm1 (C—O); NMR: 8=2.00 (3H, CH,COO), 5.70 (1H, Ph—CH—Ac);

starting alcohol (XVI) in 10.5% yield. From the "acid part", benzoic acid (XXIII) was

isolated in 24% yield.

(y-Phenyl-2-hexanol (XXVII). — Lithium aluminum hydride reduction of 4-phe-

nylbutyric acid afforded 4-phenylbutanol, which was converted by means of 38% hydro-

bromic acid (in the presence of sulfuric acid) to 4-phenylbutyl bromide; from the Grignard

reagent of this bromide and acetaldehyde, 6-phenyl-2-hexanol (XXVII), b. p. 146—148

at 17 mm (34), was obtained in 65% yield.

The lead tetraacetate reaction was completed after 9 hours. The "neutral part"

was distilled at 18 mm, and the fractions boiling at 128—137° (9.5 g) and 137—160°

(4.5 g) afforded, upon gas chromatography, the following products: a cis-trans mixture

of 2-benzvl-5-methyltetrahydrofuran (XXIX) in 39% vield (cis:trans ratio — 44:56)

[IR: 1090 cm-' (C—O—C); NMR: 8 = 4.51 (2H, C,—H and Q—H), 2.80 (2H, PhCH,),

* Product yields were calculated planimetrically (from gas chromatograms) and are

expressed relative to the total amount of starting alcohol, i.e. alcohol introduced into the

mixture before the reaction.
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1.20 (3H, Q—CH3); Analysis — Found: C, 81.72; H, 9.21V Calc. for C„H,«0 (176.25V.

C, 81.77; H, 9.15",, J; 2-m«hyl-6-phenyltetrahvdropvran (XXX) in 6% yield [IR: 1065

cm 1 (C—O—C); NMR: 8 4.05 (IH, (V-H), 4.80 (1H, C.—H)]; 6-phenyl-2-hexanone

(XXXI) in 5°„ yield (39) [IR: 1720 cm1 (C-O); NMR: 8=1.90 (3H, COCH.i 115

(2H, COCH,)]; 6-phenyl-2-hcxyl acetate (XXXII) in 1 1% yield; starting alcohol (XXVID

in 14",, yield.

\-Phenyl-l-hexcmol (XXVIII). — Sodium borohydride reduction (33) of 1-phenyl-

2-hexanone (XXXIII) ("Fluka" commercial product afforded l-phenvl-2-hexanol

(XXVIII), b. p. 138—140° at 15 mm, in 76% vield [Analysis — Found: C, 80.76; H,

10.14",,. Calc. for C.Hp.O (178.26): C, 80.85; H, 10.18°o].

The lead tetraacetate reaction was completed after 28 hours. The fractions, b. p.

72—92 at 15 mm (2.0 g) and b. p. 141—145 at 15 mm (13.1) g, obtained by fractional

distillation of the "neutral part", were subjected to gas chromatography, affording: benzyl

acetate (XXXV) in 22.4",, yield; benzaldehydc (XXXVI) in 5% yield; l-phenvl-2-hexanone

(XXXIII) in 9.5",, yield; l-phenyl-2-hexyI acetate in 11% vield [IR: 1740 cm-1 (C = 0),

1240 cm 1 (C—O); NMR: 8 1.87 (3H, CH3COO), 2.78 (2H, PhCH,), 4.98 (1H, AcOC—

—H); Analysis — Found: C, 76.15; H, 9.06%. Calc. for C^HmO, (220.23); C, 76.32;

H, 9.15",,]; starting alcohol (XXVIII) in 8.8% yield; 1 -hydroxy- 1 -phenyl-2-hexanone

acetate (XXXIV) in 9.5",, yield [identical in all respects (spectral data and physical con

stants) with the product obtained by treating l-phenyl-2-hexanone (XXXIII) with lead

tetraacetate (see below)]; I-phenyl-1, 2-hexanediol diacetate (XL) in 4% yield [IR-'

1750 cm 1 (C O), 1240 cm 1 (,C—O); NMR: 8=1.90 (6H, two CH3COO), 5.70 (1H,

benzylic AcO—C,—H), 4.89 (1H, homobenzylic AcO—Ct—H)]; traces of valeraldehyde.

The "acid part", upon esterification with diazomethane and gas chromatographic separa

tion, afforded ethyl benzoate (corresponding to acid XXXVII) in 4% yield, and methyl—

valerate (corresponding to acid XXXVIII) in 31% yield.

Lead tetraacetate acetoxylation of \-phcnyl-2-hexanone (XXXIII) . — A mixture

of 3.4 g (0.02 mole) of l-phenyl-2-hexanone (XXXIII) and 9.5 g (0.02 mole) of lead tetra

acetate in 60 ml of benzene was stirred and refluxed for 28 hours. Unreacted lead tetraace

tate was decomposed as described in ref. (6), i.e. with 10% aqueous potassium jodide

followed by reduction of liberated iodine with 10% aqueous sodium thiosulfate. After

removal of solvents, the oily residue was subjected to analytical and preparative gas chro

matography, affording: unreacted ketone (XXXIII) in 41% yield; 1 -hydroxy- 1-phenyl-

2-hexanone acetate (XXXIV) in 52",', vield [IR: 1746 cir1 (acetate C = 0), 1725 cm'1

(ketone C--0), 1240 cm1 (C—OAc); NMR: 8 = 2.13 (3H, CH.,COO), 2.32 (2H, 0=

Phx

= C—CH,), 5.87 (1H, >CH—C= 0); Analysis — Found: C, 71.55; H, 7.80 = . Calc.
AcOx

for CuHls03 (234.28): C, 71.77; H, 7.74%].

2-Phenyl-l-pentanol (L). — Lithium aluminum hydride reduction of 2-phenyl-

valcric acid (LII), m. p. 52 ', b. p. 161—164° at 11 mm (38) (obtained by hydrolysis of

a-phenyl-valcronitrile) affords 2-phenyl-l-pentanol (L), b. p. 130—131° at 15 mm<3,),

in 78% yield.

The lead tetraacetate reaction was completed after 26 hours. Fractional distilla

tion of the "neutral part" at 15 mm gave three fractions, boiling at 80—93° (2.0 g), 93—
—110J (7.1 g) and 110— 147 (6.1 /»), which were subjected to gas chromatography and

separated into the following products: l-phenvl-l-butene* (LV) in 15.5% vield"0.

[IR: 1645 cm1 (C C), 964 cm'1 (trans CH CH); NMR: 8-2.20 (2H, allvl CHS). 6.07—

—6.20 (2H, vinyl C—H), 7.28 (5H, phenvl C—H): Analysis — Found: C, 90.72; H,

9.19",,. Calc. for C,„H„ (132.20): C, 90.85; H, 9.15%]; 1-phenvl-l-butyl acetate (LIV)

in 17.5% vield""> [IR: 1730 air1 (C O), 1240 cm~l (.C—O) and 1025 cm ' ; NMR:

8 1.93 (3H, CH:,COO), 5.60 (1H, Ph—CH—OAc); Analysis — Found: C, 74.91; H,

8.32%. Calc. for C1!H,„02 (192.25): C, 74.97; H, 8.39%]; 2-phenyl-l-pentvl acetate

(LVII) in 24% yield*'") [IR: 1740 on1 (C = 0), 1240 on"1 (C—O); NMR: 8=1.84

(3H, CH3COO), 2.t.0[ (1H, PhC—H), 4.05 (2H, AcO—CH,)]; 2-phenvl-l-pentyl formate

(LVI) in 4% yield ,IR: 1725 cur1 (C O), 1170 cm-1 (C—O); NMR: 8-2.80 (1H,

PhC—H), 4.08 (2H OCO—CHS), 7.75 (1H, OOC—H]; starting alcohol (L) in 12%

* Predominantly in the /ra«j-form [for LV sec (40); for LIII see (42)].



45

•vield. The "acid part" afforded 2-phenylvaleric acid (LII), m. p. 52°<38>, in 6% yield and

2-phenyl-2-pentenoic acid* (LIII), m. p. 65—66° (42), in 4% yield [IR: 1275, 1195 and

669 cm-1; NMR: 8-2.18 (2H, allyl CH2), 7.10—7.22 (1H + 5H, vinyl C—H+ phenyl

C—H)<">].
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SUMMARY

The results of the lead tetraacetate reaction of phenyl-substituted

pentanols and hexanols show that alcohols containing a phenyl group attach

ed to the 8- or s-carbon atom afford as the major product five-membered

phenyl-containing cyclic ethers, whereas alcohols of the benzyl type (phenyl

on the carbinol carbon atom) and the homobenzyl type (phenyl on the (3-

-carbon atom) undergo predominantly ^-fragmentation (and, in the case of

benzylic alcohols, oxidation to the corresponding carbonyl compounds as well).
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INTRODUCTION

Bis-azo derivatives of chromotropic acid are in wide use today as rea

gents in the spectrophotometry of a number of elements*1*. In addition to

this, a number of authors <2-8' have extensively studied the spectrophoto

metry of ionic states of these reagents and the corresponding equilibrium

constants (protonation, dissociation). The results of these studies define

the influence of substituents on certain equilibrium constants, which is

hence related to their ability to form metallic complexes*2'9-10'.

The earliest studies, which concerned the protonation of bis-azo rea

gents of this group, showed that the reagents with substituents in the para

position in the benzene ring relative to the reactive azo-group exibited cer

tain deviations in protonation*4-5-7'. In the acidity range 1—3N (relative

to sulfuric or perchloric acid) the absorption spectrum of these reagents

shows a new maximum, which is at a longer wavelength than the rest of the

spectrum (50 to 100 mm relative to the long-wave maximum of the proto-

nized form). With increasing acidity this maximum decreases and the spec

trum transforms into that of the protonized reagent. This new maximum

also disappears on standing, with the sedimentation of a blue precipitate.

A similar but much more intense maximum is produced by the com

plexes of alkaline earth metals with some of these bis-azo derivatives of

chromotropic acid*11-12'. The complexes of this kind are termed type III,

so, for concision, we have chosen to use the term maximum III for the long-

-wave maximum produced by the reagent in the 1—3N acidity range.

The phenomenon of maximum III is of particular interest because it

characterizes a new process preceding the protonation process and hinde

ring the calculation of the protonation constant in aqueous media by the

standard procedure*2'. Different approaches to this problem have been ex

plored by Perez-Bustamante and Burriel-Marti'7-8' and Petrova et a/.(5>.

Perez-Bustamante and Burriel-Alarti*7-8' investigated one reagent of

this group, the so-called paladiazo, determined its solubility in acid media

and its protonation, and discussed the process preceding protonation. This
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process they explain by the formation of neutral molecules of the reagent

[HnL]°, which further associate and thereupon precipitate'7-8'14'.

Petrova et a/.'5' investigated protonation of reagents in a water-etha-

nol mixture in which the reagents are entirely dissolved throughout the

acidity range, without any occurrence of molecular species that would be

characterized by maximum III.

The use of water-organic solvent mixtures here can be objected too

on the grounds that the resulting values for the protonation constant (C)

correspond only to conditions of full dissolution of the organic reagent.

Thus the protonation process in an aqueous medium is not characterized,

nor is account taken of the influence upon the protonation constant of the

preceding process: the formation of neutral molecules of the reagent and

their further association.

The object of the present study was to find experimental conditions

and a mathematical mechanism which would together enable the calcula

tion of constants of protonation in aqueous medium when this process is

preceded by the association of the neutral molecule of the reagent*8-14'.

EXPERIMENTAL

Nine reagents, all derivatives of 2,7-bis-(azo-benzene)-chromotropic

acid, with substituents in the benzene ring (Table I) were investigated:

 

H03S SO3H

They were synthesized by standard procedures'1'. The chemicals (sulfuric

and perchloric acids) were analytical grade, produced by Kemika.

Spectrophotometry was done on a Beckman Model DK-1A recording

quartz spectrophotometer, with 10.0 mm echelon cells.

S PECTROPHOTOMETRY

Protonation of Reagents

The spectra were recorded at different acidities of solution, from weak to

strong. Total reagent concentrations were of the order of 1 0~5 M (Table I).

Most of the reagents ((Table I, 1—6) were investigated in solutions of per

chloric acid, three (Table I, 7—9) in solutions of sulfuric acid. For charac

terization of the sulfuric or perchloric acid solution acidity the Hammett

acidity function Ho'13' was used.
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In weakly acidic solutions (about 0.1 N) all reagents have a characte

ristic spectrum with one absorption band with a maximum for the first group

of reagents ot about 540—560 mm, and at 610 mm for reagents 7, 8 and 9.

As the medium gets more acidic this maximum disappears and the

spectrum shows three new maximums, designated maximums I, II and III

(Fig. 1). Reagent 2 alone did not show maximum III, but, due to the higher

acidity, changed to a characteristic spectrum of the protonized form of

a highly soluble bis-azo derivative.

Maximum I lies at 430—490 run, and maximum II at about 650—670 ton.

Both maximums (I and II) characterize the protonized forms of the reagent,

A
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0,6

555 nm
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I
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111-715 nm

log aH

Fig. 2a

Change in absorbance vs. Ho at characteristic maximums of reagent 6, at 455, 555, 665

and 715 nm
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as can be concluded from the similarity of the shape of these spectra and

those of protonized bis-azo derivatives of chromotropic acid investigated

earlier11'2*.

Maximum III lies at the longest wavelengths, at 715 nm or even fur

ther; for reagent 7 it is at 835 nm. It characterizes the neutral molecule of

the reagent and its associaties*7-8-14' and appaers in the acidity interval 1—3 N,

but it is of different intensity for different reagents. In this acidity range,

after a certain time (from 30 min to several h) a precipitate is formed, as is

manifested by the drop in intensity throughout the absorption spectrum.

It may be observed that the characteristic S-shaped absorbance against

acidity curve of maximum II (Figs, 2a and 2b) consists of two segments :

between A and B and between B and C.

1 REAGENT 8

/°//'700nm \

 

Fig. 2b

Change in absorbance vs. Ho at characteristic maximums for reagent 8, at 490, 565, 700

and 835 nm



52

The first segment (A—B in Figs. 2a and 2b) obverlaps with the S-curve

at 715 nm or 835 nm (macimum III) wihich characterizes the process of

association of the molecules of reagent. It ends with a plateau in the acidity

range 1—3 N. The acidity dependence of the absorbance at maximum III

is a maximum in this range. This suggests that the first segment of the S-curve

of maximum II (A—B) in Figs. 2a and 2b) corresponds to the association

of neutral molecules and it is only with the increase in acidity that this process

disappears and protonation of the reagent begins. Protonation is represented

by the second segment of the S-curve of maximum II (B—C).

This conclusion is also borne out by the shape of the S-curve of ma

ximum I (455 nm in Fig. 2a and 490 nm in Fig. 2b), which characterizes

rather the energy transition of the electronic spectrum of the protonized

molecule. At this maximum the absorbance does not change within the in

terval 1—3 N, but it docs at higher acidities, when protonation occurs.

Similarly, the S-curve of the maximum which these reagents give in the

pH interval 1—0 (550 nm in Fig. 2a and 565 nm in Fig. 2b) follows the pro

cess of disappearance of reagent ions and drops till an acidity of 1—3 N,

i.e. until the converison of reagent ions into neutral, sasociated or proto

nized form. Accordingly, at acidities above 1 N the reagent does not exist

in some of the negatively charged ionic states.

Calculation od Protonation Constant

From a detailed analysis of the S-shaped curves for all four maximums

in the different acidities it was concluded that protonation begins only

after association of the reagent molecules. Thus to calculate the protonation

constant from the results at maximum II we used only the second segment

of the curve, B—C. As the initial absorbance (Am) the value at the first

plateau on the S-curve at point B was taken.

The protonation constant was calculated as

/ogK=/og(HR+-) +nHo, with n=l (2, 9)

(R)

where (HR+) and (R) concentrations of the protonized and nonprotonized

firms of the reagent, respectively, and Ho=Hammett acidity funciton<12>.

The ratio between the concentrations of protonized and nonprotonized rea

gents was found by spectrophotometry, from the expression.

(HR+) _ A-Am

(R) ~ As -A

where As ^absorbance at the upper plateau of the S-curve for maximum

II, Am=absorbance at the plateau at point B, and A=absorbance of the

specimen on the slope of the S-curve (from B to C) at a given Ho.

We also calculated the protonation constant from absorbances at maxi

mum by the procedure described above*2,9'. Tiie protonation constants cal
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culated from maximum II and maximum I are given in Table I. They are

in agreement, which justifies our hypothesis on the nature of the processes

characterized by the double S-shaped curve at maximum II.

TABLE I

Protonation Constants (log K) Calculated from Maximums I and II for a Group of bis-azo-

Derivatives of Chromotropic Acid. Total Concentration of the Reagent = Ctot [M]

1 „

Reag

ent

X
Substituent

Maximum I

Xnm log K n*)

Maximum II

Xnm leg K n*)

Maximi: IIIXn,

log K

2

U

1 1.5 2-COOH 455 —1.24 1.1 658 —1.37 1.1 720 —1.31 ±0.06

: 1.6 2-COOH, 2 -CH, 460 —0.55 0.9 665 —0.38 0.9 —
—0.27 ±0.1

3 2.0 2-COOH, 3 -CH3 460 —0.91 1.0 660 —1.09 1.0 730 —1.00 ±0.09

2 2.4 2-COOH, 4 -CH3 468 —1.35 1.0 670 —1.52 0.7 750 —1.24±0.08

5 l.S 2-COOH, 4-OCH, 478 —0.98 1.3 675 —1.04 1.3 775 —1.01 ±0.03

6 1.5 2-COOH, 4'-COOH 455 —1.54 1.0 665 —1.74 1.4 715 —1.64±0.1

7 1.6 4-OH 275 —2.60 1.1 680 —2.52 0.9 800 —2.56 ±0.04

X 2.0 2-OH, 4'-OH 290 —2.83 1.1 700 —2.98 1.0 835 —2.91 ±0.08

9 — 4-OCH3, 4-OCH, 495 —3.46 1.1 705 —4.03 0.9 810 —3.74+ 0.3

(HR+)
* Calculated from plot of log vs. Ho.

(R)

The relative intensity at maximum III is different for different rea

gents. Table II gives molar absorptivities at maximums I and II (a) and the

ratio between intensities at maximums III and II. It may be seen that for

reagents 1—6, which are relatively similar in sturcture, Am/An is appro

ximately the same, but much less than that for reagents 7—9, whose pro

tonation takes place at higher acidity.

TABLE II

Molar Absorptivities at Aiaximums I and II (a) and Ratio of the Optimum Absorbance at

Maximums III and II (AmIAu)

Reagent
Molar absorptivity

II

ax 10-4

a x 10-«

I

Am/An

1 6.40 2.80 0.29

2 5.22 3.33 —

3 4.85 2.55 0.32

4 3.62 2.70 0.21

5 4.86 2.63 0.34

6 5.80 2.56 0.37

7 5.24 2.55 0.70

8 4.33 2.91 0.83

9 — — 0.70
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DISCUSSION AND CONCLUSION

In the investigated bis-azo-derivatives protonation begins after the

association of neutral molecules. The protonized form is characterized by

two absorption bands: one (maximum II) corresponds to the lower and the

other (maximum I) to the higher electronic transition of the protonized mo

lecule. It is important to point out that the spectrum which characterizes

the association of neutral molecules has a long-wave band (maximum III)

which overlaps one band of the protonized form (maximum II) but does

not overlap or interfere with the other band (maximum I). This fact was

fundamental in allewing us to confirm the calculation procedure we apllied

to find the protonation constant at maximum II. The values obtained for

the protonation constant by this procedure agree well with those calculated

from maximum I, where the association of neutral molecules does not affect

the spectrum and where the protonation constants were calculated by the

previously explained standard procedure'9'.

Accordingly, the modified numerical method presented in this study

enables the calculation of protonation constants in media in which the pro

tonation is preceded by association of reagent molecules, i.e. from spectre-

photometric measurements in which there is overlapping of the absorption

bands which characterize these two processes.

From the given values for the protonation constants we calculated the

changes of these constants with the ntaure of substituents. These changes

are expressed by the quantity log K/Ko (Table III). This parameter does

not, however, express only the influence of the substituent on the protonation

constant, but as is concluded from the present and some previous experi

ments, the lumped influence of the substituent on the protonation constant

and the process of association, which process, in turn, shifts protonation

to higher acidity.

TABLE III

Values of log KojK;

K = protonation constant of given reagent, Ko = protonation constant of the "zero" reagent.

For reagents 2—6 the zero reagent was reagent 1. For reagents 7—9 the zero reagent teas

2,l-bis-(azo-benzene)-chronwtropic acid^< *>

Substituent log K/Ko Substituent log K/Ko

4—CH3 -! 0.02 4—OH, 4'—OH —2.24

4—OCH, r 0.33 4—OH —1.89

4—COOH —0.37 4—OCH3, 4'—OCH3 —3.00

2—CH, + 0.99

3—CH3 + 0.28

The magnitude of association of reagent molecules is directly related

to the protonation constant. The ratio Am/A,, increases as protonation

moves to higher acidity. This is understandable if we accept the above con

clusion that association shifts protonation to a more acid range and that

log K/Ko expresses the influence both of the substituent and of association

of the reagent on its protonation.
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For a more detailed study of the interdependence of these two processes

our future research will concentrate on protonation in dioxan-water mix

tures, where association and its effect on protonation are entirely or partly

suppressed.

SUMMARY

A method is given for calculating the protonation constants of low

solubility reagents which are bis-azo derivatives of chromotropic acid, in

the range 1—3 N. There are two possible approaches: the change in reagent

absorbance caused by a change in acidity can be followed either by observing

maximum I or maximum II. In the latter case, due to overlapping of the

absorption bands, a modified method is proposed.

The calculated protonation constants are affected not only by the sub-

stituent itself but also by the association of the neutral reagent molecules,

in the range 1—3 N. Association precedes protonation, shifting it to higher

acidity, with the consequence that the effect of the substituent on the pro

tonation constant is not the only factor influencing the calculated log K/Ko

value.

A detailed study in water-organic solvent mixtures, which is to be in

the focus of our further investigation, will aim to resolve the substituent

effect from the effect of association.
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SOME ELECTROPHILIC SUBSTITUTION REACTIONS OF

N-METHYLACETANILIDE*

by

OSTOJA K. STOJANOVIC, GORDANA A. BONCIC-CARICIC,

and DORDE M. DIMITRIJEVIC

In a previous study'1* we established that N-methyl-acetanilide, unlike

acetanilide(2,> in the presence of anhydrous AlCb, other reaction conditi

ons unchanged, does not react with carbon tetrachloride, so that unaltered

N-methyl-acetanilide is obtained after decomposition of the reaction mix

ture with water.

The question then arose whether N-methylacetanilide exhibits a lower

reactivity than acetanilide in all the reactions of electrophilic aromatic sub

stitution, or only in Friedel-Crafts alkylation.

The literature provides relatively little data on the subject. It was only

found that the halogenation of N-methylacetanilide takes much longer than

that of acetanilide(3>4>. Bogdal'5' presents results for the nitration of N-

-methylacetanilide and acetanilide, but gives comparative data for the rea

ctivities of these two anilides.

To get more experimental data we tried a series of acetylations of N-

-methylacetanilide after Friedel-Crafts and a series of nitrations and sulfo-

chlorinations of N-methylacetanilide under different reaction conditions. We

did not make quantitative kinetic measurements, but we believe that even

the qualitative results of this study allow certain conclusions to be drawn.

Attempting to introduce the acetyl group into the phenyl core of N-

-methylacetanilide, under the same conditions under which Sache and

Patel'6' acetylated acetanilides, we established that this reaction cannot be

performed, just as we did in our previous attempts to alkylate N-methyl

acetanilide with carbon tetrachloride" It was visually observed that N-

-methylacetanilide forms a complex with AICI3, in the same way as when

the analogous reaction is tried with CCL.<4>, or when anhydrous AICI3 is

combined with acetanilide. However, from the reaction mixture with N-

-methylacetanilide it was always only the unreacted N-methylacetanilide that

was separated. All attempts to perform the reaction failed, even apllying

more drastic conditions than those under which acetanilide was acetylated(2),

i.e. higher temperatures and more AICI3.

* Part of this study was first communicated at the 1 1th Symposium of the Serbian

Chemical Society, Belgrade, January 1965.
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While all attempts to conduct the Friedel-Crafts reaction were in vain,

it was found that the reactions of nitration and sulfochlorination of N-

-methylacetanilide proceed easily and in satisfactory yields. From a quali

tative comparison of our results for the nitration of N-methylacetanilide

in concentrated sulfuric acid and those reported by Bogdal'5' with the re

sults for the nitration of acetanilide under the same conditions'7' it may

be concluded that the nitration of N-methylacetanilide is somewhat more

difficult, a somewhat higher temperature is required and the yields are

somewhat lower. Apart form this, our attempts to nitrate of N-methylace

tanilide in glacial acetic acid under the conditions for the nitration of ace

tanilide'8' were in vain.

A similar conclusion is drawn from a comparison between our results

for the sulfochlorination of N-methylacetanilide and those for the sulfo

chlorination of acetanilide reported by other authors19'10'11'.

When sulfochlorination of N-methylacetanilide was tried at 40°C i1

was impossibele to separate out the reaction product, and only in the range

of 50—90°C were the yields better. Yield was also favorably affected by

an excess of chlorosulphonic acid. At a molar ratio of 1 :5 between N-

-methylacetanilide and chlorosulphonic acid the optimum temperature was

of 70 C, giving a yield of 62.7% of the calculated total, and even 83.2 %

when the molar ratio was raised to 1 :6 at the same temperature. On the other

hand, the sulfochlorination of acetanilide'10' in the temperature range 0—40°C

gives 83% monosulfochloric derivative at practically any temperature in

this range, whereas the yield abruptly falls and the proportion of disulfo-

and trisulfo-derivatives rapidly increases in the range 40—100°C.

From our results and the literature*3- 4> it may be concluded that the

presence of methyl group as the substituent on the N atom in the N-methyl-

acetanilide molecule indeed leads to a certain reduction of its reactivity to

acetanilide in the reaction of electrophilic substitution, which, nevertheless,

depend primarily on the reaction itself. This reduction of reactivity is least

expressed in the nitration reaction, which is performed indirectly via an

N-substituted intermediary*5', and is much more expressed in sulfochlori

nation. In reactions halogenation, performed directly on the phenyl core(121,

the reactivity of N-methylacetanilide is far lower than that of acetanilide;

chlorination goes 2000 times slower'3' and bromination about 1000 times

slower'4'. In the reactions of alkylation and acylation after Friedel-Crafts

the presence of the CH3 group on the N atom entirely inhibits leaction.

Robertson et a/.'4' explain that the far greater reactivity of acetanilide

than N-methylacetanilide in halogenation is due to the hyperconjugation

which activates the benzene nucleus in the acetanilide molecule, and which

is obviously impossible in N-methylacetanilide. This explanation could be

accepted also for the other electrophilic substitutions of acet- and N- methyl-

acetanilide, in which substitution is performed directly on the benzene nucleus.

 

COCH3
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As for the Friedel-Crafts reaction, which we found to be inhibited by

the CH3 group on the N atom of N-methylacetanilide, we are inclined to

believe that the same cause is involved as in the case of inhibition of this

reaction with aniline and N-alkylaniline. Taking it that the cause is the

® G

creation of the C6H5NH2AICI3 complex, in which the Al atom is coordinate

bound with the N atom, and in which the positive N atom's inductive with

drawal of electrons inactivates the benzene nucleus for further electrophilic

substitution*13', we maintain that in case of acetanilide the creation of this

type of complex is very much impeded because of the action of the carbonyl

group which attracts electrons form the N atom, whereas in N-methylaceta-

nilide the electron-donor effect of the methyl group compensates this decre

ase of the electron density on the N atom, allowing creation of the complex.

EXPERIMENTAL

(1) Attempts at Friedel-Crafts acetylation of N-methylacetanilide with

acetyl chloride.

The attempts were made under conditions usual for the acetylation

of acetinilide(6).

In a 200 ml three-necked flask fitted with an upright condenser, stirrer

and thermometer, 13.5 (0.09 mole) powdered N-methylacetanilide and 40. 5 £

(0.3 mole) powdered anhydrous aluminum chloride (approximate molar ra

tio 1 :3) were placed and the mixture was melted by mild initial heating.

After the melted mass had cooled to about 35°C, 14.85 # (0.2 mole) actyl

chloride was added slowly, dropwise. The reaction mixture was then worked

up with constant strirring at 35°C for the next 3 h. Then it was decomposed

with dilute hydrochloric acid (1:1), cooled with ice chips. A crystalline pro

duct was separated (m.p. 98°—100°C). A mixture of it with the initial N-

-methylacetanilide did not show any depression of the m.p. No other reac

tion product was separated.

This reaction was also attempted under changed conditions: at tem

peratures 50°, 75°, 80°, 95°, 100° and 105°C, with longer heating times,

5, 6 and 8 h, and with a greater (1:6) molar ratio between N-methylaceta

nilide and AICI3. None of these attempts, however, yielded any other sub

stance than the initial N-methylacetanilide.

(2) Nitration of N-methylacetanilide.

The reaction was performed under the usual conditions for the nitra

tion of dimethylaniline(14>.

Powdered N-methylacetanilide (5 g, 0.033 mole) was dissolved in 50 ml

cone, sulfuric acid under cooling, and the temperature of the solution was

maintained within the range 0—4°C. To this solution a corresponding amount

of a mixture of fuming nitric acid (D = 1.50) and cone, sulfuric acid was

slowly added (volume ratio 1 :5). After the nitration mixture had been added,

the reaction mixture was stirred for about 30 min at the same temperature,

and was then poured into iced water, whereupon a reaction product in the

form of pale yellowish crystals precipitated. The crude product was recry-

stallized from water (m.p. 152°—154°, uncorrected). Analysis-calculated for
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C9H10N2O3: C 55.66, H 5.15, N 14.43; found: C 55.40, H. 5.22, N 14.59.

The product was also identified by IR spectrum and the o-isomer was found

to be dominant.

Nitration of N-methylacetanilide was performed using various molar

ratios of nitric acid, also in glacial acetic acid as solvent, and in the presence

of carbamide*8*. The results are prestented in Table I.

TABLE I

Nitration of N-Methylacetanilide (NMAA) at Various Molar Ratios with Nitric Acid

Taken: 5g NMAA, pur., E. Merck

Temp.: 0—4°C

Crude product

No.
HNO3 Molar ratio

yield m. p.

Reaction

g NMAA:HNOa

g % °C

medium

1 2.7 1:1 — —

2 5.4 1:2 3.35 51.46 150—151

3 8.1 1:3 3.32 51.0 146—151

4 2.7 1:1 — — CH,COOH

5 2.7 1:1 — — CHjCOOH-f

H.NCONH,

(3) Sulfochlorination of N-methylacetanilide

Sulfochlorination of N-methylacetanilide was performed analogously to

the sulfochlorination of acetanilide'9'.

The reaction was conducted in a 750 ml four-necked flask with ground

necks, fitted with an upright condenser, thermometer and mixer. The fourth

neck was used for taking the samples. Heating was thermostated.

60 # chlorosulfonic acid previously freshly redistilled in a chlorine hy

dride stream was put into the flask which was cooled with iced water. Then

15^ (0.1 mole) powdered N-methylacetanilide was gradually added, during

which the temperature of the reaction mixture was maintained below 20CC.

The flask was then immersed in the thermostat which had previously been

adjusted to the desired temperature and stirring was started. After a cer

tain time the reaction mixture was poured into a mixture of 200 # ice and

800 ml water, when a white flaky precipitate was separated. The precipi

tate was filtered on a funnel with a sintered-glass plate and washed with

iced water until it no longer showed an acid reaction (Congo red), and then

the filtered product was dried in a vacuum exsiccator over calcium chloride.

The dried crude product was recrysallized from isooctane (m.p. 148°—150rC)-

Analysis — calculated for C9Hi0ClNO3: C 43.57, H 4.03, N 5.68; found:

C 43.01, H 3.89, N. 5.77. The product was also identified by IR spectrum,

and was found to represent a mixture of o- and p-isomers in an approximate

ratio of 2—3:1.

Note — It was observed that if the reaction product did not precipitate

from the acid solution after the decomposition of the reaction mixture, it

disappeared altogether after a certain time. Then only the starting N-methyl

acetanilide was obtained form aqueous solution.
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The reaction was performed under different conditions, at tempera

tures of 40°, 50°, 60% 70°, 80° and 90°C, and with different molar ratios

between N-methylacetanilide and chlorosulfonic acid: 1:2, 1:3, 1:4, 1:5

and 1 :6, at reaction times of 1, 1.5, 2, 2.5 and 3 h. The results of all these

experiments are presented in Tables II, III and IV.

TABLE II

Influence of Temperature of Sulfochlorination of N-Methylacetanilide

Taken: 15 g NMAA, pur., E. Merck

Molar ratio of the reagents: 1:5

Reaction time: 1.5 h

 

1

2

3

4

5

6

40

50

60

70

80

90

54.6

63.7

67.2

61.7

53.6

TABLE III

Effect of Molar Ratio on Sulfochlorination of N-Methylacetanilide

Taken: 15 g NMAA, pur., E. Merck

Reaction time: 1.5 A

Temp.: 70°C

No.
Molar ratio

NMAA:HOS02Cl

Yield of crude product

1

2

3

4

5

6.2

24.8

49.7

62.7

83.2

TABLE IV

Effect of Reaction Time on Sulfochlorination of N-Methylacetanilide

Taken: 15 g NMAA, pur., E. Merck

Molar ratio of the reagents: 1:5

Temp.: 60° and 70X

Reaction time
Yield of crude product, %

No.
w at 60 C at 70°C

1 1 60.2 65.0

: 1.5 63.7 67.2

3 2 62.8 66.1

4 2.5 62.2 65.1

5 3 62.2 65.0
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SUMMARY

(1) Conditions of the reaction of N-methylacetanilide with acetyl chlo

ride in a Friedal-Crafts type synthesis have been investigated. It was found

impossible to perform this reaction either under the conditions usual for

acetylation of acetanilide or at higher temperatures and with greater amounts

of AlCla.

(2) Nitration and sulfochlorination of N-methylacetanilide was easily

performed, although qualitative estimation shows that the reaction are some

what slower than the corresponding acetanilide reactions.

(3) In chlorosulfonation of N-methylacetanilide the best results were

obtained at 70°C with a reaction time of 90 min. An excess of chlorosulfonic

acid was found to improve the yield of sulfochloride.
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THE REDUCTION OF CIS- AND TRANS-3$-HYDROXY-

-5,10-SECO-l(10)-CHOLESTEN-5-ONE AND THEIR

ACETATES WITH COMPLEX METAL HYDRIDES*

by

MIHAILO LJ. MIHAILOVIC**, MIROSLAV J. GASlC,

IVAN JURANlC, and LJUBINKA LORENC

Investigations of cyclic systems have shown that their reactivity de

pends to a considerable extent on ring size*2'. This difference in reactivity

is ascribed to changes in the total internal strain (/-strain) associated with

bond formation and bond cleavage at the reacting ring carbon (or other)

atom in the rate determining step, such strain changes being a function

of ring size<3). Thus, for example, in ten-membered cyclic systems reactions

which proceed with a change of hybridization of the reacting ring (carbon)

atom from sp3 to sp2 are favored, because of considerable relief of bond

angle strain and decrease in ("transannular" non-bonded) van der Waals

compression, whereas reaction involving the sp2~>-sp3 hybridization change

are associated with increase in total internal strain and are therefore retarded.

Most data on these effects have been obtained by studying reactions of

known mechanism and kinetics on simple saturated cyclic systems (built

of —CH2— units and reaction centers only). However, little is known

about the influence of other functional groups present in such molecules

on reactivity in processes involving both (above mentioned) types of hybri

dization change at the reacting center (4).

In the present work we studied the reactivity of cis- and trans-3^-

-hydroxy-5,10-seco-l(10)-cholesten-5-one and their acetates (I and IV) (5)

(i.e. modified steroid compounds containing instead of the two fused six-

-membered rings A and B the medium-sized cis- or trans- 1(1 0)-cyclo-

-decen-5-one system) in the reduction with the complex metal hydrides

sodium borohydride and lithium aluminum hydride. This investigation was

undertaken in order to establish if these two olefinic diastereomers (I and

IV), which differ in configuration and conformation, behave differently, and

if so to what degree, in metal hydride reductions, i.e. in reactions which

involve a change of hybridization of carbon C—5 fsom sp'1 (trigonal carbonyl

* Communication VI in the series "Syntheses, Structure and Reaction of Seco-

Steroids Containing a Medium-Sized Ring". For Part V see ref. (1).

** Address for correspondence: Department of Chemistry, School of Sciences,

Belgrade University, Studentski trg 16, P. O. Box 550, 1 1001 Beograd, Yugoslavia.
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carbon) to sfP (tetrahedral carbinol carbon). Having in mind the fact that

the mechanism and the steric requirements of the reductions with com

plex metal hydrides and the relatively simple kinetics of the sodium boro-

hydride reduction of the carbonyl group are known*6, 7' 8), we studied both

the stereochemical course and the kinetics of the metal hydride reduc

tions of the isomeric seco-ketones (I) and (IV).

RESULTS

1. Stereochemical Course of the Reductions

(a) Reductions of the cis-insaturated seco-ketones (I). — The sodium

borohydride reduction of cK-3(3-acetoxy-5,10-seco-l(10)-cholesten-5-one (la)

in methanol or isopropanol solution affords, in nearly quantitative yield,

a mixture of the two 5-epimeric alcohols with 55 (5oc—OH) and 5R (5fJ—OH)

configuration (Ha) and (Ilia) *, **, in an approximate ratio of 4:1. The

diastereomer with the 55 configuration (Ha), the major reduction product,

was isolated in the pure state after repeated crystallization from acetone

(in a 60% crystallization yield)***.

 

The reduction of the 5-carbonyl group in the a's-seco-ketone (la) with

lithium aluminum hydride in diethyl ether solution follows a similar stereo

chemical course, and the 5-epimeric 3[3-,5-diols with 55 and 5R configuration,

(lib) and (Illb) respectively, were again obtained in a ratio of about 4:1.

* The 5 and R configuration at C-5 in epimers (II) and (III), respectively, was

tentatively determined on the basis of analysis and comparison of NMR spectral data'7'.

** The orientation (a or (3) of the substituents in the ten-membered ring is formally

defined with respect to the spatial position of the methyl carbon C-18 when the ten-mem-

bcred ring has the hypothetical planar conformation, whereby an a-substituent is on the

opposite side and a p-subsutuent on the same side of the ring.

*** Since both epimeric 5-alcohols (Hal and (Ilia) have the same Rt value in

thin layer chromatography on silica gel, the purity of the reduction products and their

ratio was checked after conversion to the corresponding diacetates (He) and (IIIc), which

have different Rt values on chromatoplates.
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The same ratio of diols (lib) and (Illb) was observed in the sodium boro-

hydride reduction of «j-3p-hydroxy-5,10-seco-l(10)-cholesten-5-one (lb) in

methanol or isopropanol solution.

(b) Reductions of the trans-tmsaturated seco-ketones (IV). — The re

duction of rrans-3p-acetoxy-5,10-seco-l(10)-cholesten-5-one (IVa) with so

dium borohydride in dioxane-methanol or in isopropanol is more stereo-

specific than the reduction of the corresponding cw-isomer (la) (see above),

and of the two possible 5-epimeric alcohols (with 55 and 5R configuration)

only one diastereomer, having the 5S configuration (Va and its hydrolysis

product Vb)*, was obtained from the reduction mixture. However, in this

case, in addition to mz«s-3[3-acetoxy-5,10-seco-l(l())-cholesten-5a-ol (Va)

which is formed in 53% yield, other products were also isolated, such as

unreacted starting ketone (IVa) in 15% yield**, its 3-saponified derivative

(IVb) in 3% yield, and the 3(3,2a:-diol (Vb) [resulting from hydrolysis of

the 3p-acetate group in the initially produced 3(3-acetoxy-5a-ol (Va)] in 11%

yield. (These products were separated and isolated by chromatography on

an Si02-column.).

 

(a) Ac

(b) R=H

It was found that the lithium alumium hydride reduction of the

rrans-seco-ketone (IVa) in diethyl ether solution, and the sodium boro

hydride reduction of fr<27zs-3|3-hidroxy-5, 1 0-seco- 1(1 0)-cholesten-5-one (IVb)

in methanol or isopropanol solution are also higly stereospecific, both giving

frans-5, 10-seco-l(10)-cholestene-3[3,5a-diol (Vb) is formed in practically

quantitative yield.

The correlation of configuration at C—5 between the cw-olefinic 5-

-alcohol (Ha and/or lib), obtained as major product in the reductions of

the «s-seco-5-ketonc (la and lb), and the fram-olefinic 5-alcohol (Va and/or

Vb), produced stereospecifically in the reductions of the rrans-seco-5-ketone

(IVa and IVb), was achieved by photochemical isomerization of the 1,10-

-double bond. Namely, by UV-irradiation of the cw-unsaturated 3p,5-di-

acetate (He), obtained by O-acetylation of alcohol (Ha) or (lib), a product

was formed which proved identical with the 3^,5-diacetate (Vc) prepared

* According to thin layer chromatography, the corresponding epimer with the

5R (i.e. 5j3-OH) configuration was formed only in traces. [For tentative configuration

assignment at C-5 see ref. (9)].

** These reduction were not carried through to completion, because of conside

rable hydrolysis of the 3(3-acetate group.

5
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from the rrans-unsaturated 5-alcohol (Va) or (Bb). It was thereby esta

blished that alcohols (II) and (V) are olefinic cis-trans diastereomers and

that they have the same configuration at C—5, which, according to NMR

studies, is very probably 5 (i.e. 5a-OH) (9).

 

AW-cj'j AW>-trans

2. Kinetic Measurements

The kinetics of the reductions of cis- and £raw-3(3-hydroxy-5,10-seco-

- 1 ( 1 0)-cholesten-5-one (lb) and (IVb) with sodium borohydride were follow

ed by applying the procedure of Brown et al.<6). Solutions of the cis-

and rraws-seco-ketone (lb) and (IVb) in isopropanol were mixed with so

dium borohydride dissolved in the same solvent, and heated in a thermostat

at 35° ±0.2°*. The amount of unreacted sodium borohydride was deter

mined at regular time intervals by titration, using the potassium iodate

method*10'. It was found that the sodium borohydride reductions od cis-

and n-aHs-3p-hydroxy-5,IO-seco-I(lO)-cholesten-5-one (lb) and (IVb) are ana

logous to those of ketones containing authentic steroid systems*8' and that

they correspond to a second-order kinetics. The rate constants, £2, given in

Table I, indicate that the m-isomer (lb) is reduced by means of sodium

borohydride about 10 times faster than the rrans-isomeric ketone (IVb).

TABLE I

Rate Constants (^2) for Sodium Borohydride Reductions of os-3[3-hydroxy-

-5,10-seco-l(10)-cholesten-5-one (lb) and ;rawj-3(3-hydroxy-5,10-seco-l(10)-

-cholestcn-5-one (IVb) in Isopropanol Solution at 35°

„ , Rate constant £2") „ , .

Substratc (in literslmole-sec) Relative rate

«5-Isomer (lb) 6.2x10-3 10

trans-lsomcv (IVb) 6.4 X lO"* 1

n) iMean value of two separate kinetic experiments

* Under these conditions, in a 24-hour reaction period neither diol (lb) nor diol

(IVb) exibited any tendency towards reaction of the 3-hydroxyl group with the reducing

agent (which would result in the evolution of molecular hydrogen).
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DISCUSSION

The data obtained on the stereochemical course of the reductions of

the cis- and rraws-seco-ketones (I) and (IV) with sodium borohydride and

lithium aluminum hydride, and on the kinetics of the sodium borohydride

reductions of these compounds, suggest that molecules of the isomeric ke

tones (I) and (IV), although containing the steroid residue ring system C

and D, nevertheless have conformations ressembling those of simple cis-

and trans—5-cyclodecenone cyclic systems (5- U). The fact that both the

sodium borohydride and the lithium aluminum hydride reductions of the

cw-seco-ketones (la) and (lb) afford mixtures containing an approximately

equal ratio of 5S (i.e. 5oc-OH) to 5R (i.e. 5(3-OH) alcohol (II:III=about

4:1), indicates that these reactions are not dependent on the steric charac

teristics of the reducing agent 12>. By inspection of models it can be seen

(Scheme 1) that the proposed stable conformation for the «'s-l(10-cyclodecen-

-5-one system (IA) (5,11)* allows approach of the reagent to the carbonyl

(C-5) carbon atom form both sides (a and (3)**, but that, because of the

presence of the steroid residue (rings C and D), attack form the p side,

to give the epimeric alcohol with the 55 configuration (II), should be pre

ferred (as experimentally confirmed; see above)***. Other conformations

of the seco-steroid ketone (I) containing the a's-l(10)-cyclodecen-5-one

system, such as those illustrated in Scheme 1 (IB)(5-U>, should be less stable.

* By slight changes in the relative orientation of the bond plane of the trigonal

(ip!-hybridized) C-5 carbonyl carbon in conformation (IA). (Scheme 1), different distan

ces (and therefore non-banded interaction) between the hydrogens on C-4 and C-7, and

the hydrogens on C-2, C-6, C-9 and C-14, may be obtained*11'. Conformation (IA), as

drawn here, represents a compromise and is probably the energetically most favorable

form of the m-isomer (I).

** Approach from the "p" side means that the reagent attacks the 5-carbonyl group

from the side in which the angular methyl carbon C-18 is located when the ten-member-

ed ring has the hypothetical planar conformation. The opposite side is called the "a" side.

*** From the available data it is not possible to discuss in detail and predict the

importance of the influence of thermodynamic factors in the transition state or intermediate

products on the outcome of this and other reductions studied in the present work.

 

(IA) A1(10)-c«-5-ketone

Scheme 1

(IB)
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In these conformations, preferential attack (a or (3) would mainly depend

on the relative orientation of the bond plane of the trigonal (C-5) carbonyl

carbon.

On the other hand, from the high stereospecificity of the sodium boro-

hydride and lithium aluminum hydride reductions of the rraws-seco-ketones

(IVa) and (IVb), it follows that in this case the reducing agent can approach

the carbonyl (C-5) carbon atom only from one side. Examination of models

corresponding to the stable conformations of the trans- l(10)-cyclodecen-5-one

system (Scheme 2; forms IVA, IVB and IVC)<5- n- w. w> reveals that

 

A' :'°> - trans- 5-ketont

Scheme 2

all these conformations allow attack of the reagent mainly from one side,

this being the (3 side in conformations (IVA) and (IVB) (whereby alcohol

V with the 5S conformation would be formed), and the a side in conforma

tion (IVC) (which would result in the formation of the epimeric 5-alcohol

with the 5R configuration). Since the metal hydride reductions oftheoww-

-seco-ketones (IVa) and (IVb) furnish almost exclusively the epimeric

alcohol with the 55 configuration (V), it appears highly probable that ke

tone (IV) reacts in one or both of the former conformations, i.e. (IVA)

and/or (IVB) (or in a similar conformation allowing [J-atack with formation

of the 5S alcohol).

The proposed conformation or the cw-unsaturated 5-ketone (IA and

perhaps IB, Scheme 1) and the rrarcs-unsaturated isomer (IVA and IBV,

Scheme 2) can also explain the kinetics of the sodium borohydride re

ductions of these compounds (see Table 1). If the reaction was dependent
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only on ring size, one would expect the reduction rates to be approximately

equal for both olefinic diastereomcrs. However, since their reactivity to

wards sodium borohydride is different, the cw-unsaturated ketone (I) being

reduced about 10 times faster than the rrans-isomer (IV) (Table 1), it

follows that the reaction rate must be chiefly influenced by the l(10)-cyclo-

decen-5-one ring conformation(s) in the seco-ketone, and that, in the absence

of other factors, that isomer will be more difficultly reduced in which the

change of hybridization from sp2 to sp3 on the attacked C-5 carbon is asso

ciated with higher increase in total internal strain in the transition state.

This is clearly the case with the rraws-seco-ketone IV (conformations IVA

and IVB, Scheme 2), in which steric crowding in the transition state for

metal hydride reduction will be considerably greater (because the oxygen

at C-5 is "pushed" inside the ten-membrered ring)* than in the relatively

flat molecules of the cz's-seco-ketone I (conformation IA and eventually

IB, Scheme 1). This assumption is supported by the fact that when the

5-epimeric alcohols (Ha) and (Va) are oxidized with chromic anhydride

in the two-phase system ether-water (a react on which involves sfP->-sp2

hydridization change of the reacting C-5 carbon atom), the rate ratio is

the converse, i.e. the oxidation of the craws-alcohol (Va) to the tra«j-ketone

(IVa) proceeds considerably (more than 10 times) faster than the conversion

of the cis-alcohol (Ha) to the corresponding cis-ketone (la).

It should also be noted that the steric course of the sodium borohy

dride and lithium aluminum hydride reductions of ketones (I) and (IV)

does not depend on whether the 3]3-substituent is an acetoxy or a hydroxy

group.

Acknowledgement. — The authors are grateful to the Yugoslav Fede

ral Research Fund and Research Fund of the S. R. of Serbia for financial

support.

EXPERIMENTAL**

All m.p.s. are uncorrected. Optical rotations were measured in CHC13. IR spectra

were recorded on a Perkin-Elmer Infracord Model 337. NMR spectra were obtained

at 100 MHz with a Varian HA-100 spectrometer, in CDC1:1 solutions (5%) using te-

tramethylsilane as internal standard; chemical shifts are reported in 8 (ppm) values (abb

reviations: j for singlet, d for doublet, m for multiplet). The separation of products was

monitored by thin layer chromatography on silica gel G (Stahl) with benzene-ethyl ace

tate (7:1 or 7:3); detection with 50% H,S04.

Reductions of cis-3$-hydroxy-5,\0-seco-cholesl-l(l0)-en-5-one acetate (la)

1A. Sodium borohydride reduction of (la) in methanol solution. — A solution of 1 g

of the cu-acetoxy-seco-ketone (la) (5) in methanol (400 ml) was cooled to 5° and treated

with sodium borohydride (2g). After stirring for one hour at 5° the reduction was com

pleted, and the reaction mixture was diluted with water, acidified with 10% sulfuric acid

and extracted with ether. The ethereal layer was washed with water, saturated aqueous

* Obviously, by a change of the ten-membered ring conformation, in the once

formed C-5 alcohol (V) the 5a-hydroxy group will adopt a more favorable relative spa

tial orientation (9).

** We thank Dr. H. Fuhrer, Ciba-Geigy AG, Basel, Switzerland, for the record

ing of NMR spectra, and Mrs. R. Tasovac, from the Microanalytical Laboratory of our

Department, for carrying out elemental microanalyses.
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sodium bicarbonate, water dried over anh, magnesium sulfate and evaporated to dryness

in vacuo, leaving a mixture of the epimeric alcohols (Ha) and (Ilia). After four cristal-

lization of this mixture from acetone, pure cis-3f), 5*-dihydroxv-5,l0-seco-cholcst-\{W-ene

3-acetate (Ha) was obtained (595 mg; 59.4%), m.p. 173-174°, [a]*°+ 30° ±2" (c-0.64);

IR (KRr): v,,,.,- 3462, 1711, 1270cm ', and IR (CH.Cl,): vra„ 3640, 1735, 1235cm1;

NMR: 8 0.70 (CH3-I8, i), 0.86 yCH,-2(> and CH,-27, d), 0.90 (CH3-21, d) 1.68 yCH, 19,

d), 2.01 (CH3COO at C-3, s), 3.72, 5.22 and 5.36 .three protons, at C-5, C-l and C-3.

multiplets). (Found: C, 77.92; H, 11.25%. C„Hs„03 requires C, 77.97; H, 11.28 V).

The mother liquors from these crystallizations, containing the 3^-cpimeric alcohol

Jlla), were combined and evaporated (in vacuo) to dryness; the residue (about 400 raj

was acetylated with acetic anhydride (5 ml) in pyridine solutin (10 ml). The white solid

obtained after working up the reaction mixture in the usual way was chromatographed

on 16 g of silica gel (0.20—0.05). The first benzene eluate afforded 168 (15.3°„) of

cis-3[3, 5fi-dihydroxy-5,\0-seco-cfiolcst-\(\0)-cne diacelale (IIIc), which was purified by

two crystalizations from methanol (yield 120 mg, i.e. 10.9",,), m.p. 78°, [a]* = +36" -3

(c 0.40); IR (KBr): vm„=1738, 1735, 1240cm->; NMR: 8= 0.72 (CH3-18, j), 0.86

(CH3-26 and CH,-27,d), 0.91 (CH3-21,rf), 1.71 (CH,-19, d), 2.01 and 2.03 (two CH3C00,

at C-3 and C-5, singlets), 4.95, 5.12 and 5.30 (three protons, at C-3, C-5 and C-l, multi

plets). (Found: C, 76.07; H, 10.51%. Cj.Hj.O, requires: C, 76.18; H, 10.72%).

Further elution with benzene gave a mixture (56 mg) of both 5-epimeric diace-

tates (lie) and (IIIc). By elution with benzene-ether (98.2) cis-3[3, 5*-dihydrohxy-5,

\0-seco-cholest-\(lO)-ene diacetau (lie) was obtained (179 mg) in 16.3% yield (.bringing

the total yield of 5-V-epimer II to 75.7%), which after crystallization from methanol

(yield of pure product 120 mg, i.e. 10.9%) melted at 86-87°, [a]*>= -t-52°±2° (c = 0.58V

IR (KBr): vmllI=1740, 1248, 1235 cm"1; NMR: 8-0.72 (CH3-18, $), 0.85 (CH3-26 and

CH3-27, d), 0.89 (CHa-2I, d), 1.67 ^H3-19, d), 2.03 and 2.06 (two CH3COO, at C-3

and C-5, singlets), 4.83, 5.28 and 5.38 (three protons, at C-3, C-5 and C-l, multiples'

(Found: C, 76.02; H, 108.9%. C31HS20, requires: C, 76.18; H, 10.72%).

Hydrolysis of cis-l$, 5$-dihydroxy-5,iO-seco-cholest-\(\0)-ene diacelale (IIIc). —

Diacetate (IIIc) (100 mg) in 10 m/ od 5",, methanolic potassium hydroxide was left over

night at room temperature, then poured into water and extracted with ether. The ethe

real layer was washed with water, dried over anh. magnesium sulfate and evaporated

(in vacuo) to dryness. Crvstallization of the remaining product from acetone afforded

74 mg (.89.4°,,) of cis-3(i, 5[i-dihvdroxy-5,\0-seco-cholest-\(\0)-ene (Illb), m.p. 192—193%

[a]g>- +13' j 2° (c=1.0); IR (KBr): vm„ = 3340 cm1. (Found: C, 80.29; H, 11.82%.

CI7H1bO, requires: C, 80.14; C, 80.14; H, 11.96%).

Hydrolysis of cij-3,9, 5a.-dihydroxy-5,10-seco-cholest-]{\0)-ene diacetate (lie). —

Diacetate (lie) (100 mg) was hydrolysed in the same way (as IIIc), giving, after crystal

lization from acetone, 76 mg (91.8%) of cis-3£S, S%-dihvdroxy-5,\0-seco-cholest-\(\0)-c"e

(lib), m.p. 157—158', [a]*1 - + 17^ ±2° (c = 0.59); IR (,KBr): vm>x = 3380 cm1. (Found:

C, 80.02; H, 12.18%. ClvH180, requires: C, 80.14; H, 11.96%).

IB. Sodium borohydride reduction of (la) in isopropanol solution. — A solution

of 1 g of the cis-acetoxy-seco-ketone (la) in isopropanol (200 ml) was reduced with sodium

borohydride (2 g) at room temperature for about 5 hours. The reaction mixture was work

ed up as described in section 1 A, leaving a white solid which was chromatographed on 40 g

of silica gel (0.20—0.05). Benzene eluted a complex mixture (96 mg) which was not further

investigated. Benzene-ether (90:10 and 85:15) eluates, afforded a mixture of 5-epimeric

alcohols (Ha) and (Ilia) (740 mg), out of which, after four crystallizations from acetone,

520 mg (51.8%) of pure cis-i'fi, 5<x-dihydroxy-5,10-seco-cholest-l(10)-ene 3-acetate (Ha),

m.p. 173—174 , was obtained.

FJuation with ether gave a mixture of the 5-cpimeric 3(3,5-diols (lib) and (Illb)

(120 mg), which was combined with the mother liquors of the above crystallization and

acetylated with acetic anhydride-piridine (.see 1A). The resulting mixture of diacctates

(lie) and (IIIc) was chromatographed on SiOj as described in section 1A, affording:

1 64 mg (14.9)% of cis-3$, 5fi-dihydroxy-5,10-seco-cholest-U10)-ene diacetate (IHc)

m.p. 78 (.from McOH); a mixture (72 mg) of both 5-epimeric diacetates (lie) and (IIIc);

and 183 mg (16.6%) of cis-Vfi, 5a-dihydroxy-5,10-seco-cholest-l(IO)-ene diacetate (He),

m.p. 86—87° (from methanol) (The total yield of 5S epimer II was therefore in this re

duction 68.4).
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2. Lithium aluminum hydride reduction of (la). — A mixture of the m-acetoxy-seco-

-ketone (la) (300 mg) and lithium aluminum hydride (75 mg) in dry ether (30 ml) was

stirred and heated for one hour. After working up as usual, the mixture of reduction

products, i.e. of the 5-epimeric diols (lib) and (Illb) (272 mg, 100%), was acetylated with

acetic anhydride in pyridine solution (see 1A). The resulting mixture (326 mg) of the di-

acetates (lie) and (IIIc) was subjected to chromatography on silica gel (0.20—0.05) as

described above (section 1A), whereby the following products were separated: 52 mg

(15.8%) of cts-3P, 5p-dihydroxy-5,10-seco-cholest-l(10)-ene diacetate (IIIc); a mixture

of both diacetates (lie) and (IIIc); and 234 mg (71.8%) of ew-30, 5a-dihidroxy-5, 10-

-seco-cholest-l(10)-ene diacetate (lie).

Reductions of cis-l$-hydroxy-5,\0-seco-choIest-\(lQ)-en-5-one (lb)

3A. Sodium borohydride reduction of ( lb) in methanol solution. — A solution of

201 mg of o'j-hydroxy-seco-ketone (lb)'5' in methanol (100 m/) was treated with so

dium borohydride (400 mg) at room temperature for 2 hours. After isolation, the mixture

of reduction products was acetylated (with acetic anhydride-pyridine) and chromato-

graphed on silica gel (see 1A) to give: 42 mg (17.2%) of cis-Vfi, 5p-dihydroxy-5,10-seco-

-cholest-l(10)-ene diacetate (IIIc), m.p. 78° (from methanol); a mixture of the 5-epi

meric diacetates (lie) and (IIIc); and 163 mg ^66.8%) of cis-3$, 5a—dihidroxy-5,10-seco-

-cholest-l(10)-ene diacetate (lie), m.p. 86° (from methanol).

3B. Sodium borohydride reduction of ( lb) in isopropanol solution. — The cw-hydroxy-

-seco-ketone (lb) (201 mg) in isopropanol (100 ml) was reduced with sodium borohydride

(400 mg) at room temperature for 5 hours, then worked up, acetylated (with acetic anhyd

ride-pyridine) and chromatographed on SiOg (see 1A and IB), affording: 39 mg (16%)

of cis-3$, 5(3-dihydroxy-5,10-seco-cholest-K10)-ene diacetate (IIIc), a mixture of both

diacetates (lie) and (IIIc); and 159 mg (65.2%) of cis-3{i, 5a-dihydroxy-5,10-seco-cholcst-

-K10)-ene diacetate (lie).

Reductions of trans-'i$-hydroxy-5.,\Q-seco-cholest-\(\0)-en-5-one acetate (IVa)

4A. Sodium borohydride reduction of ( IVa) in dioxan-methanol solution. — To

a strirred solution of 2 g of the rram-acetoxy-seco-ketone (,IVa) (5'12) in dioxan (300 ml)

and methanol (30 ml), cooled at 5 sodium borohydride (4 g) was added portionwise.

The mixture was stirred at 5° for a further 10 hours, ahd then diluted with water, aci

dified with 10% sulfuric acid and extracted with ether. The ethereal layer was washed with

water, saturated aqueous sodium bicarbonate, water, dried over anh. magnesium sulfate

and evaporated to dryness (in vacuo), giving a mixture (about 2 g) which was chromato

graphed on 60 g of silica gel (0.20—0.05).

Elution with benzene-ether (95:5) afforded 391 mg 09.5%) of the starting ketone

(IVa), which was recrvstallized from acetone-methanol (yield 305 mg, i.e. 15.2%), m.p.

136° [lit. m.p. 136° (5)].

From benzene-ether (85:15) eluated 1.15 ^ (57.9%) of trans-3J3, 5n-dihydroxy-5,

\0-seco-cholesl-\{\G)-ene 3-acetate (Va) was isolated, which was purified by crystallization

from acetone-methanol (yield l.06g, i.e. 52.8%), m.p. 134—136°, [oc]"^—16~ t_2°

i.c = 0.42); IR (KBr): vmax= 3510, 1708, 1260cm"1, and IR (CHSC1S): vmax-3620, 3500,

1732, 1235 cm-1; NMR: 8= 0.73 (CH3-I8, s), 0.85 (CH-,-26 and CH.-27, d), 0.89 (CH3-21,

d), 1.72 (CH3-19, d), 2.03 (CH£COO at C-3, s), 3.94, 4.92 and 5.18 (three protons, at C-5,

C-l and C-3, multiplets). (Found: C, 77.79; H, 11.37%. Ctl,H.,0O3 requires: C, 77.97;

H, 11.28%).

Elution with ether afforded 80 mg (4.4%) of fra;«-3|3-hydroxy-5,10-seco-cholest-

-l(10)-en-5-one (IVb), which was purified by crystallization from methanol (yield 55 mg,
i.e. 3.0%), m.p. 160° Hit. m.p. 158c (5)].

Methanol eluted 217 mg (11.4%) of trans-3p,5a-dihvdroxy-5,IO-seco-choIest~l(10)-

-ene (Vb), m.p. 153° (from methanol), [a]g>-—12 12° (c 2.0); IR (KBr): vmlx^

= 3330 cm-'. (Found: C, 76.62; H, 11.75. C,;H19Ot • H.O requires C, 76.72; H, 11.92%).

4B. Sodium borohydride reduction of (IVa) in isopropanol solution. — A mixture

of the (rans-acetoxy-seco-ketone (IVa) 1,900 mg) and sodium borohydride (2g) in iso
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propanol (200 ml) was stirred at room temperature for 42 hours. It was worked up and

chromatographed on SiO, as described above (see 4A), affording: 68 mg (7.6%) of

starting ketone (IVa); 257 mg (28.4%) of trans—3(3,5a-dihydroxy-5,10-seco-cholest-

-K10)-ene 3-acetate (Va); and 430 (52.2%) of rro«i-3j3,5a-dihydroxy-5,10-seco-cholest-

-](10)-ene (Vb).

5. Lithium aluminum hydride reduction of (IVa). — The tranj-acetoxy-seco-ketone

(IVa) (,300 mg) was reduced with lithium aluminum hydride (75 mg) in dry ether (30 ml),

the mixture being sitrred and heated to reflux for one hour. After working up as usual,

a nearly quantitative yield (280 mg) of crude rram-3p,5a-dihydroxy-5,10-seco-cholest-

-l(10)-ene (Vb) was obtained, which was purified by crystallization from methanol (yield

256 mg, i.e. 93.8%), m.p. 153°.

Acetylation of trans-3$,5*-dihydroxy-(>,\0-seco-cholest-\(\0)-ene (IVb). — Acety-

lation of the frans-diol (Vb) (250 mg) with acetic anhydride in pyridine at room tempe

rature gave 278 mg (92.0%) of lra.x\s-3$,5a.-dihydroxy-5,\Q-seco-cholesi-\(\0)-ene diace-

tate (Vc), m.p. 95—96° (from acetone-methanol), [a]^=—18°±2° (c = 2); IR (KBr):

>W=1755, 1732, 1255 cm-1; NMR: 8 = 0.78 (CH,-18, i), 0.85 (CH3-26 and CH.-27,

d), 0.89 (CH3-21, d), 1.76 (CH3-19, d), 1.99 and 2.02 (two CH3COO, at C-3 and C-5,

singlets), 5.10 and 5.40 (three protons, at C-3, C-5 and C-l, multiplets). (Found: C,

76.05; H, 10.55%. C31H„04 requires: C, 76.18; H, 10.72%).

Reduction of trans-3$-hydroxy-5,\0-seco-cholest-l(\Q)-en-5-one ( IVb)

6A. Sodium borohydride reduction of ( IVb) in methanol solution. — A solution

of 201 mg of the tram-hydroxy-seco-ketone t,IVb) (5) in methanol (100 ml) was treated

with sodium borohydride (400 mg) at room temperature for 15 hours. After working up

as usual (see 1A), a quantitative yield (200 mg) of rram-3(3,5a-dihydroxy-5,10-seco-

-cholest-l(10)-ene (Vb) was obtained, which was purified by crystallization from metha

nol (yield 184 mg, i.e. 91.1%), m.p. 153°.

6B. Sodium borohydride reduction of ( IVb) in isopropanol solution. — The trans-

-hydroxy-seco-ketone (IVb) (201 mg) in isopropanol (100 ml) was reduced with sodium

borohydride (400 mg) at room temperature (36 hours), affording 176 mg (87.1%) of trans-

-3(3,5<x-dihydroxy-5,10-seco-cholest-l(10)-ene (Vb), m.p. 153° (from methanol).

Isomerization of cis-3$,5t-dihydroxy-5,\0-seco-cholesl-\(\O)-ene diacetate (lie) into

the corresponding trans-isomer (Vc)

A solution of the cii-3?,5a-diacetate (lie) (200 mg) in 200 ml of anh. benzene was

irradiated with a high pressure mercury lamp Q 81 (Hanau) for 14 hours at room tem

perature. The solvent was removed in vacuo and the residue chromatographed on silica

gel (0.20—0.05). Elution with benzene gave 16 mg (8%) of tr<w«-3fJ,5tx-dihydroxy-5,

10-seco-cholest-l(10)-ene diacetate (Vc), which was identified by m.p. and mixed m.p.

determination and by comparison of spectral data (with an authentic sample; see above).

By elution with benzene-ether (98:2) 123 mg (61.5%) of unchanged starting cis-3$,5z-

-diacetate (lie), m.p. 85", was recovered.

Chromic acid oxidations

Oxidation of cis-3$,5at.-dihydroxy-5,lO-seco-cholest-l(iO)-ene 3-acetate (Ha). — To

a solution of the cii-acetoxy-seco-5a-alcohol(IIa) (100 mg) in ether (10 ml), chromic

anhydride (500 mg) in water (10 m/) was added at room temperature and the resulting

mixture was stirred efficiently for 24 hours, affording after chromatography on SiOt:

92 mg (92.4%) of a's-3[3-hydroxy-5,10-seco-cholest-l(10)-en-5-one acetate (la), and 6mg

(6%) of unchanged starting alcohol (Ila).

Oxidation of trans-3fi,5x-dihydroxy-5,lO-seco-cholest-l(lO)-ene 3-acetate (Va). —

When treated with Cr03 for two hours (as above), the fra«5-acetoxy-seco-5a-alcohol

(Va) (100 mg) was converted quantitatively to the corresponding ketone, i.e. trans-3?-

-hydroxy-5,10-scco-cholcst-l(10)-en-5-one acetate (IVa).
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Kinetic studies of the sodium borohvdride reduction of the i$-hydroxy-seco-5-ketones

of the A'W-oj series (lb) and &lM-trans series (IVb)

Material. — Sodium borohydride was recrysallized from diglyme ((15). Isopro-

panol was dried over calcium sulfate and distilled through a fractionating column.

Rate measurements <*>. — A standardized 0.005 M solution of sodium borohydride

in isopropanol (100 ml) was placed in a reaction flask with a long narrow neck, which

was immersed in a thermostat maintained at 35 ' ± 0.2.° The ketone (lb and IVb) (804 mg,

0.002 mole) was added to the borohydride solution with vigorous stirring. At appro

priate time intervals 10 m/ aliquots of the reaction mixture were withdrawn, added to

a 0.1202 N potsssium iodate solution (25 ml) containing 2g of potassium iodide, followed

by the addition of 10 ml of 5 N sulfuric acid, and the iodine liberated was titrated with

0.1 N aqueous sodium thiosulfate (1">. The rate constants k, were obtained from the rate

data by using the following equation:

2.303 b(a-2x)

*« = ~; lo8 —71 T
t(a—46) a(b—x)

where a is the initial molar concentration of ketone (lb or IVb), 6 is the initial molar

concentration of sodium borohydride, and x is the amount of sodium borohydride con

sumed by time t. The results are shown in Table I.

SUMMARY

The sodium borohydride and lithium aluminum hydride reductions

of cis- and rraw-3(}-hydroxy-5,10-seco-l(10)-cholesten-5-one and their ace

tates have been studied. It was found that with both reducing agents the

cis-unsaturated ketones afford a mixture of 5-epimeric alcohols in an appro

ximate ratio of 55: 5/2=4:1, whereas the reductions of the £ram-isomeric

ketones are more stereospecific, resulting in almost exclusive formation of

the corresponding /rans-unsaturated 55"-alcohols. According to kinetic mea

surements of the sodium borohydride reductions, a'5-3[3-hydroxy-5,10-seco-

-l(10)-cholesten-5-one is reduced about 10 times faster than trans-3$-hy-

droxy-5,10-seco-l(10)-cholesten-5-one. Possible conformations of the cis- and

trans- l(10)-cyclodecen-5-one ring system in the 5,10-seco-steroids used as

substrates which might account for the stereochemical course and kinetics

of these reductions are discussed.
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INFLUENCE OF THE CONDITIONS OF NaF SINGLE CRYSTAL

GROWTH ON THE PERFECTION OF THE CRYSTAL LATTICE

by

ANDREJA V. VALCIC, MILAN G. BREKIC, and RASTKO N. ROKNld

INTRODUCTION

Real crystals do not have a perfect lattice. The lattice contains defects

of different nature, and the number and kind of these defects depend very

much on the conditions of growth. Crystal growth rate depends strongly on

temperature gradient. It has been established that during the growth of

crystals the density of dislocations increases with increasing radial and axial

temperature gradients*1, 2- 3*. It is also generally known that a temperature

gradient in a crystal which contains dislocations can increase the number

of dislocations'4'.

In studies of the influence of the growth rate of metal single crystals

on their perfection it was found that lower growth rates resulted in greater

perfection*5'.

However, Dash*6', who investigated the effect of temperature gradient

and growth rate on the number of defects in crystals of semiconductor mate

rials, observed that the dislocation density decreased with increasing growth

rate. This phenomenon was interpreted as a consequence of the reaction

of dislocations with vacancies.

A study on the epitaxial growth of silicon*7' revealed that increasing

the growth rate of the epitaxial layer reduced the number of packing defects.

This might be attributed to a possible change in the growth mechanism.

Investigations of the influence of growth rate on the perfection of ionic

crystal lattices have not been reported.

EXPERIMENTAL

To investigate the dependence of the number of defects of a single

crystal on growth rate from the melt, two methods were applied: the Czo-

chralski vertical pulling method and the horizontal zone melting method.

All investigations were carried out with sodium fluoride p.a.
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For obtaining NaF single crystals by the Czochralski method the NaF

was melted in a platinum dish in an argon atmosphere. The exterior of the

apparatus was water-cooled.

Investigations were conducted at crystal growth rates of 0. 1—0.3 mmjmin.

This method does not allow greater speeds of pulling because the crystal

breaks away from the melt owing to a slow heat transport, which is exclusi

vely through the crystal.

The length of single crystals obtained in this way was 80—100 mm,

with a 20 X 20 mm cross-section.

For the horizontal zone melting method the apparatus consisted of

two concentric quartz tubes between which cooling water circulated. The

cooling was indispensable because of the great activity of NaF toward quartz

at high temperatures. In this case, too, growth was under an argon atmos

phere.

NaF powder was melted in a graphite boat by repeatedly passing through

the heat zone and thus compacted into a polycrystalline rod. During the

formation of the polycrystalline rod and of the single crystals the whole

apparatus was slanted at about 3° in the direction of pulling, ensuring the

accumulation of unmelted impurities (graphite powder) only at one end

of the vessel.

During the growth of single crystals the rate of crystallization was

varied between 0.4 and 3.5 mmjmin. Crystallization was performed without

orienting the crystal nucleus, and the crystals grew in a direction between

[111] and [110].

Before every use the graphite boat was sooted over to prevent graphite

particles from infiltrating into the crystalline mass.

It was observed that the crystals obtained at low crystallization rates

were less transparent, and their cleavage was conchoidal. The crystals ob

tained at high pulling speeds were more transparent and cleaved more easily.

Their cleavage plane consisted of 2—3 flat surfaces at angles of 1—2°.

These observations suggest that the single crystals obtained at high

pulling speeds had a superior structure. For the determination of the number

of defects in single crystals we applied the thermal etching method. This

method was very efficiently employed for NaF single crystals by Ratel and

ChandhariW.

The defects were counted on the freshly cleaved surfaces in the plane

[100]. The plates obtained in this way were placed on a platinum sheet and

into a dish furnace for thermal etching. Experiments were carried out at

various temperatures from 700 to 900°C and various etching times from

1 to Ah.

After a series of experiments it was concluded that the best developed

pits of regular geometric shape corresponding to the symmetry of the plane

were obtained at 750°C and an etching time of 2 h. Figure 1 shows an NaF

single crystal [100] plane after thermal etching at 750°C for 2h.

Table 1 gives defect counts relative to the crystal growth rate. A com

parison of the results for various single crystals grown by zonal melting

reveals that the density decreased with increasing crystal growth rate. This

conclusion not be drawn for the crystals obtained by the Czochralski method

because of the limited range of growth rates.
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From all the above it may be hypothesized that dislocations originate

directly from the process of crystal growth, that is at the liquid-solid inter

face, and also later because of the temperature gradient in the crystal and

during cooling to room temperature.

In the former case the mechanism of growth can influence the concen

tration of dislocations, i.e. induce lower concentrations at increasing growth

rates.

 

Fig. 1

Thermal etching pits (magn. 270x)

Another explanation, which seems to be more likely, for the decreased

number of dislocations with increasing growth rate, is that given by Dash(6>

for the case of silicon single crystal growth : rapid growth and a steep tempe

rature gradient oversaturate the crystal with vacancies, so that the dislocations

"climb" and disappear.

TABLE I

Number of Defects in Relation to Growth Rate

Growth rate

mm/min 0.4 0.81 1.26 1.7 2.6 3.5 0.3

Growing

method
Horizontal method Czochralski

Number of

1 21.5 19.4 12.4 13.9 8.4 3.9 9.9

defects

xlO'x cm-*

2 26.4 15.2 11.2 13.5 4.2 6.0 8.3

3 20.3 17.3 12.4 11.8 9.2 10.7 8.8

Mean value 22.7 17.4 12.0 13.1 7.3 6.9 9.0
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From the experiments so far no conclusive interpretation can be given

for this phenomenon. This would call for a much more comprehensive

study, which is now in progress.

SUMMARY

The influence of the conditions of growth, especially of linear growth

rate of the crystal lattice perfection of NaF single crystal was examined.

Two growing methods were used : the vertical pulling method of Czochral-

ski, at growth rates of 0.1—0.3 tnni'min, and the horizontal zone melting

method, at growth rates of 0.4—3.5 mmlmin. Monitoring the number of

discolations as influenced by crystal growth rate, it was found that this num

ber decreased with increasing growth rate.
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INFLUENCE OF BATH COMPOSITION ON THE DEPOSITION

OF NICKEL-PHOSPHORUS ALLOYS IN ALKALINE AQUEOUS

Since the standard techniques for obtaining thin layers (evaporation

in vacuo, galvanization, direct sintering, submerging in a melt), when applied

to silicon, yield platings with unreliable mechanical and electrical charac-

teristics*1- 2), in the present work we studied the possibility of making plat

ings on silicon which would have satisfactory mechanical properties. We

used the electronless nickel plating technique. Of the different mechanical

characteristics our interest focused on the adherence of plating to substrate,

because reliable mechanical properties are obtained only when the bond

strength is sufficiently great.

Since in a previous study*7' we had investigated the influence of solution

temperature, deposition time and S/V ratio on the quantity and quality

of the deposit, we directed our further research to examining the influence

of other factors, such as the concentration ratios of the basic components

of the bath and the hydrogen ion concentration.

In the present work we investigated the influence of bath composition

on the possibility of obtaining nickel-phosphorus alloy platings of uniform

thickness greater than 5jjl thick and firmly adhering to a silicon p-type single

crystal substrate.

To obtain platings with these specific properties we used a basic bath

which, unlike an acid bath, deposited platings of low phosphorus content*3- 4>.

This chemical composition of the plating does slightly reduce the adhesion

of the plating to the substrate, but on the other hand it greatly reduces the

total electrical resistance.

For the chemical reduction of nickel ion with hypophosphite anion,

basic aqueous solutions of five components were used:

SOLUTION BY CHEMICAL REDUCTION

 

INTRODUCTION

I EXPERIMENTAL CONDITIONS

NiS04 • 7H20

NaH2P02 • H20

Na3C6H5072H20

p.a.

p.a.

p.a.

NH4C1

NH4OH

p.a.

p.a.
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To examine the influence of individual components on the plating

thickness the concentration of each was varied over a fairly wide range.

In addition, the conditions influence on deposition of the basicity of the

bath were investigated.

The substrate was a silicon />-type single crystal, specific resistance

20—22 ohm cm, orientation (111) and dislocation density 0/cm2.

The ratio between specimen area submerged in the solution and the

volume of solution (designated hereinafter as S/V) was constant for all

experiments, at 5 dm-jlit.

The surface of the specimen was carefully prepared in several steps,

viz: (a) wet polishing with silicon carbide powder (1200); (b) washing with

tap water; (c) submerging in an etching solution of NHiFo^, HF (50%)

1.8 m/, \2ml distilled water, etching time 10 sec; (d) careful washing with

distilled water; (e) submerging in a 5% NaOH solution for 5—7 sec; (f)

washing with distilled water. The specimens prepared this way were then

put in the plating bath heated to working temperature.

Plating thickness was measured by an Aminco-Brenner Magne 5—660

gage, with an accessory for measuring thickness of nickel plating on non

magnetic materials of 0—25.7|a(7).

II INFLUENCE OF THE RATIO BETWEEN NICKEL ION (Nis+) AND

HYPOPHOSPHITE ION (H.PO,)- CONCENTRATION ON PLATING

THICKNESS

The two basic components of the plating bath are nickel salt and sodium

hypophosphite. In the absence of a catalyst, at higher temperatures (over

90°C) the nickel cation spontaneously reduces to electroneutral metallic

nickel (Ni°) if the concentration of the hypophosphite anion is sufficiently

high (at constant concentration of nickel ion), which it invariably is for

concentrations above 0.05 Mjlit. Concentrations of the hypophosphite anion

of over 1 M\lit cause spontaneous decomposition of the solution, the nickel-

-phosphorus alloy not only depositing on the surface of the object and the

walls of the vessel but also precipitating in the solution as a powder.

To control nickel ion reduction and restrict it exclusively to the surface

of the object and not the walls of the vessel or the solution, there must be

a precisely determined ratio between the nickel ion and hypophosphite

ion concentrations. By varying this ratio over a fairly wide range, keeping

the other parameters of the process constant (sodium citrate concentrations

0.20 Mjlit; ammonium chloride 1.0 Mllit; bath temperature 99.4°C; depo

sition time 60 min), we obtained platings of different thickness. Solution

pH was kept constant by adding ammonia (25%).

Figure 1 shows that an appreciable increment in plating thickness was

attained by increasing the Ni2+/(H2PO,j)- ratio in the range 0.9—1.5, at

the constant hypophosphite concentration (0.094 Mllit). However, when the

Ni2+/(H2PO,>)- ratio was raised to above 1.5, the plating thickness increment

was negligible, indicating that under these conditions it is unnecessary to

use a higher concentration ratio.
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5",
25

(H2P02r= 0.094 [M/lii]

S/V= S[dm-}lil]

pH= 10.0

t = 994t°C]

r = 60[mini

iii. —

The

0.9 1.0 1.1 12 1.3 1.4 15 1.6 1.7

RATIO Ni2*/(H2P02)~

Fig. 1

influence of Nia+/(H,PO,)_ ratio on plating thickness at constant concentration of

(H.PO,)-

Figure 2 shows that when the nickel ion concentration was kept con

stant at 0.125 Mjlit, increasing Ni2+/(H2P02)~ in the range 0.7—1.7 had a

great influence on plating thickness. The thickest plating, of 10.6 y., was

obtained at a Ni2+/(H2PO2)-=0.7, and the thinnest, 1.8 ja, at a ratio 1.7.

When the concentration ratio was increased above 1.7, to 2.7, only a slight

increment in plating thickness was obtained. This fact indicates that at

hypophosphite anion concentrations below 0.07 Mjlit, or at Ni2+/(H2P02)~

to 104

^ 7.5
O

E- so

1
£ 2-5|

Ni2* = 0.125 [Mjlit]

S/V =5 rdm* 1litJ

PH= 100

< f =60 [min]

t =994[<>C]

■

1 ... 1 I i i . . i i i

0.7 0.9 1.1 1.3 15 17 1.9 2.1 2.3 2.5 2.7

RATIO Ni2*/(HfO^-

Fig. 2

The influence of Ni,f/(H2POz)- ratio on plating thickness at constant concentration of Ni,+

6



82

ratios above 1.7, decreasing the hypophosphite anion has practically no

effect on plating thickness, which under the given conditions, remains less

than 2 (a after 60 min.

Ill INFLUENCE OF BUFFER CONCENTRATION ON PLATING

THICKNESS

Organic additives to the plating solution form chelates which in a greater

or lesser measure, depending on the additive, prevent spontaneous reduction

of the nickel ion to metallic nickel and its consequent deposition elsewhere

than on the surface of the object. They can speed up the deposition of nickel-

-phosphorus alloy, this effect depending on the compound, its concentration

and its ratio to nickel ion. In the present work we studied the influence of

the citrate anion, which is often used as a buffer in chemical nickel plating,

on the plating thickness.

Figure 3 shows that the Ni2+/citrate ratio influenced plating thickness,

and the curve has a maximum. For the deposition conditions as given above,

with increasing Ni2+/citrate ratio between 48xl0-2 and approximately

56xl0-2, the plating thickness increased gradually and continuously. Be

tween 56 x 10~2 and 75 x IO-2 the curve falls, at first steeper and then more

gradually*.

 

RA TIO Ni2 '/Na3 CeH5O72H2O*'0-'

Fig. 3

The dependence of plating thickness on the ratio NiJ+/NasC,H60, • 2H,0

Other additives to chemical nickel plating baths often include ammonium

chloride, which facilitates the formation of a complex with the nickel ion,

and also serves to maintain the pH within the desired limits.

Figure 4 shows that with increasing Ni2+/NH4C1 ratio from 9xl0~2

to 13xl0~2 the plating thickness continuously rises, while from 13xl0-2

to 22xl0~2 it falls continuously (all the other parameters constant). The

maximum plating thickness, 6.5 |x, was obtained at an Ni2+/NH4C1 ratio

of 13 x IO"2.

My interpretation; the original is confused and contradictory (language editor).
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Ni2* = 0.125 [Mllit]

( H2PO2)~=0.094[Mllit]

Na3CsHs07'2H20 = 0.22 [M/lit]-

S/V =5 [dm-1litJ

V pH=100

>V f = 99-4 [°CJ

^"t>v^^ Z = 60 [mini

1 1

11 13 15 17 19 21 23

RATIO Ni2*/NHiax JO'2

Fig. 4

The dependence of plating thickness on the ratio Ni,+/NH4C1

IV INFLUENCE OF HYDROGEN ION CONCENTRATION ON PLATING

THICKNESS

As indicated above the hydrogen ion concentration greatly affects the

phosphorus content of the plating: the lower the pH the higher the phos

phorus content. In our system the pH was varied over the range 7.0 to 10.9.

Ni2*-0.125[Mllit}

CH2P02)'= 0 094 [M/litJ

-
Na3CsH507'2H20 = 0.22:M\lit]

— ' £1«\ S/V = 5 [dm* 1lit ]

t=994[°C]

\ Z = 60 [mini

t .

10 11

pH of the bath

Fig. 5

The dependence of plating thickness on pH
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A constant pH greater than 10.9 (maintained by adding 25% ammonium)

appreciably diluted the solution, which changed the S/V ratio and the con

centrations of the basic components. For this reason we confined the pH

to less than 10.9. Figure 5 shows that increasing pH in the basic range in

creased plating thickness, with the maximum thickness achieved at pH= 10.0.

At pH above 10 the plating thickness falls appreciably.

V ADHERENCE OF THE PLATING TO SUBSTRATE

Adherence to the substrate was investigated in three groups of platings,

all thicker than 5 (x. Platings of group 1 were obtained at: concentration

Ni2+=0.125 Mjlit, S/V=5 dnfijlit, pH=10.0, solution temperature 99.4°C,

deposition time 60 min, Ni2+/(H2PC>2)- ratio kept in the range of 0.9— 1.3

(Fig. 2). Platings of group 2 were made at: cone. Ni2+=0. 125 Mjlit and

(H2P02)- =0.094 Mite, S/V= 5 dm2jlit, pH=10.0, solution temperature

99.4°C, deposition time 60 min, Ni2+/Na3C6H507 ■ 2H20 ratio within the

range 50xl0~2 to 65xl0-2 (Fig. 3). Platings of group 3 were made at:

cone. Ni2+ =0. 1 25.Mllit, cone. (H2PO2)-=0.094 Mjlit, cone, sodium citrate=

=0.22 Mjlit, S/V = 5 dm2, pH=10, solution temperature 99.4°C, deposition

time 60 min, Ni2+/NH4C1 ratio within the range 9 X 10~2 to 19 X 10~2 (Fig. 4).

Adherence was determined according to the standard B. S. 1224:1965

Appendix E<5', by the method of Strikeling<6>, and the practical test of solder

ing nickel wire to the substrate17*.

All platings tested as per B. S. 1224:1965 by thermal shock showed

no Assuring or peeling when observed magnified lOOx, and their color and

sheen changed only little.

Testing the adherence after Strikeling showed that the platings of all

three groups adhered firmly to the substrate and peeling occured only after

8 min, at the three phase boundary.

With all specimens an axially soldered nickel wire*7' under static tension

always broke outside the soldered joint, which indicates great adhesion of

the plating to the substrate.

SUMMARY

We investigated the influence of the Ni2+/(H2P02)~ ratio (a) in the

range 0.9— 1.7 at constant concentration of (H2PO2)"" of 0.094 Mjlit, and

(b) in the range 0.7—2.7 at constant concentration of Ni2+ of 0.125 Mjlit,

on the plating of nickel-phosphorus alloy on silicon p-type single crystal

in alkaline aqueous solution by chemical reduction. The range Ni2+/(H2P02)-

ratio at which platings thicker than 5 y. were deposited during a deposition

time of 60 min was determined.

Also investigated was the influence of (a) the Ni2+/Na3C3H507 • 2H20

ratio in the range 48X10"2 to 75xl0-2, (b) the Ni2+/NH4C1 ratio in the

range 9x10-'- to 22xl0"2, and (c) pH in the range 7.0— 10.9, on plating

thickness, at constant values for other parameters of the process.
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The experiments showed that nickel-phosphorus alloy platings thicker

than 5 (x can be put on silicon />-type single crystals using a considerable

range of concentrations of the bath components and of pH.

The adherence of the >5ja plating to the substrate was investigated.

All adhered firmly to the substrate.
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