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XVI CABETOBAILE XEMMYAPA CP CPBMJE
CA CMMIIO3MJYMOM O AHAJMTHYKOJ XEMWIHN

FOJMIIIbA CEKYIIITMHA CPICKOr XEMMJCKOr IPYIITBA

Ha Texnosowxo-serasypurxon dPaxyarery Ynusepsurera vy Beozpady

18—20 janyapa 1971. 2.

OonmTH IIPOTPAM CABETOBAHhA

frouéde.ban
18 I

— Oreapawe caserosawa (B. A.) ,
Ilnenapno npepaBame (B. A.)
— Cuanosujyx o anaauruuxoj rexuju
I Hayuna cabmntema (B. A)’
— Haywna caonwremwa u3 opyaux
obaacTu Temuje
II Heoprancka, opraHcKa
u Guoxemija (cana 42)
III Pusmuka xemmja (cana 40)
Yropax
19. I
— Cuano3ujyxa o anasurTuuxoj remuju

IInenapHo mnpepaBame (B. A.)
I Hayuyna caomurema (B. A)

— Haywna caonwrterwa u3 Opyux
obaacTu xemuje

II HeopraHcKa, OpraHckKa ¥
Guoxemmja (cana 42)

IIT ®usmura xemuja (cama 51)
IV Meranypruja (cana 91)

1

10.00 — 10.30
10.30 —11.15
11.30—13.10
15.00 — 18.00
15.00—18.00
9.00 —9.45
10.00 — 12.40
n
15.00—18.00
10.00 — 13.00
"
15.00 — 18.20
10.00 — 12.40
10.00 — 12,40



TFoduwwu cacrarax cexyuja
Cpncxoz reaujcrxoz opywrsa

— HacraBHa cekumja (casna 40)

— Ceknmja 3a TeKCTMJIHY XeMujy M
TEeKCTUAHY TexXHoJsorujy (cana 52)

— Cekumja 3a xepaMMKy (cana 89)
Cpeda

20. I
Toduwieu cacranym cexyuje Cpncxoz
Temujcxo: Opywrsa

— Cexkumja 3a xeMujcxo MHIKem-epcTBO (B. A))

— Cerimja 3a aHaJIMTUUKY XeMujy (caia 42)

— Cekmmja 3a paamuoxemujy (cana 40)

— Cekumja 3a enexkrpoxemujy (caxa 51)

— Ceximja 3a crexrpoxemmjy (cana 52)

— Cekumja 3a 6moxemmjy (cana 89)

— Ceruuja 3a nenynosy u xaprtujy (cana 90)

— Cexuuja 3a yrasbs, HadTy M neTpoxeMmujy
(cana 91)

TOOMIIILA CKVIIIUTMHA CPIICKOT
XEMMJCKOT IOPVYILITBA

(noyerak ce omnaxe 3a 17.00 yrRoauko He 6yae

npucyTHa 6ap jexHa NMoNOBMHA 4JIAaHCTBA)

10.00 — 12.00
n
15.00 — 17.00
10.00 — 12.40
n
15.00 — 16.20
15.00 — 18.00
9.00 — 12.00
10.00 — 12.00
10,00 — 12.00
10.00 — 12.00
10.00 — 12.00
10.00 — 12.00
10.00—12.00
10.00 — 12.00
16.00




I—1
I— 2
I— 3
I— 4

CHMMIIO3MJYM O AHAJIMTHYKOJ XEMHMJIM

BEOTPAX
18, — 20. jamyapa 1871.

IIPOTPAM
Ilomenesmax 18. jamyap 1971.

Beauxu axgpurearap

OTBAPAKBE CABETOBAHA

— VYBogna peu Ilpeacegumka Cprnicxor xeMmjcxor

ApywuTBa
CUMIIO3UIJYM O AHAJIMTUYKOJ XEMMUIU
IIpencenaBajyhn: BaacTusup HMexosuh
Cerperap: Meanxa Kocruh
— IlnenapHO mnpejaBame
ERNO PUNGOR
Ion-selective membrane electrodes

Oanmop

— Hayuna caomurema

IIpepacenaBajyhu: Bacuauje I'oay6osuh
Cekperap: Jbybuua Poruh
C. BYKOTUR

~ CnexTpoMeTrpujcko oapebuBame 15 enemenaTta

Y TparoBMMa y BMCOROuYUCTOM GaKpy

J. MMIIIOBUR u Jb. ®OTUR
KBaHTHMTaTMBHA peHAreHcka audpaxumMoHa
aHaau3a Goxcura

3. 1. IM3TAP u 3. U BAKOBUR
CnekTpoMerpmjcko onpebuBambe AMMETHUN
cyacdoxcuaa

K. PAJKOBUR

CnerTpodoromerpujcko oxpebusamme Tparosa
eleMeHaTa y JIAHTAaH OKCHUAY BMCOKe umcrohe

3

XVI CABETOBAIBE XEMHMYAPA CP CPBHJE

10.00 — 10.30
10.30 — 13.10
10.30 —11.15
11.15 — 11.30
11.30 — 11.50
11.50 — 12.10
12.10 — 12.30
12.30 — 12.50



I— 5
I— 6
I— 1
I— 8
I— 9
1—10.
I—11.
f—iz.
1—13.
t—14-

X. PAJKOBUR
Yaora pH xox oapebuBama cuaMnujyma y ypaH
AMOKCUAY MeTOAOM MoaubaeHCKOr nnasor

IlenoAmEeSHEN CACTANAK

ITlpeacenaBajyhu: Toxucaas Jarouh

Cexperap: Mapuja Todoposuh

T. J. JABBLUR n ' MMJIOBAHOBHUR
Onpebusamwe yarpaMMKpo-KoauuuHa Kobanra
KaTaJUTUYKOM OKCHAALMjOM MUPOKATEXUH-JbY-
6319acTOr BOAOHMK-TTIEPOKCHUAOM

B. BAJTAHJI, B. HUKOJKR u Jb. BYPUR
OnpebuBame apcena (III) u anTumona (III)
KaJanjyM-auxXpoMaToM

B. BAJTAHJ, B. HUKOJIUR #u

B. AHTOHUJEBUR

Aunepomerpujcka turpaumja apcexa (III)

u aHtTMMoHa (III) amMxpomarToMm

B. BAJTAHJ u U. CIIUPEBCKA
IIpoyuyaBame crabwiHoctv naaagmjym (II) ane-
TAaTHOr KOMIIJIEKCA I[IOTEHLMOMETPUJCKMM M MO-
naporpaddCcKMM NnyTeM

B. BAJTAHI » M. MMWJIOBAHOB
Onpebusame nanafo-joHOBa MOTEHIMOMETPM)-
CKOM THUTPAUMjOM Ha IXMBMHO] EJIEKTPOAU

OanmMop

B. BAJTAHXI u T. IIACTOP

HcnutuBame ycjaoBa 3a KOHAYKTOMETDUCKY
turpaumjy 6a3a y cupherHoj KucenmHm

B. BAJTAHZI u M. BEJIMHEO-JIVKATEJA
OnpehnBamke HEKMX MHCEKTHMUMAA KMHETHYKOM
MeToOM npeKo G6p3MHe XMAPOJM3e KOHAYKTOME-
TPUJCKUM myTeM

M. IIVIIUA u Jb. PAJKOBUR
EnexTpoxeMujcKyu npoliecu Ha paBHOj M Kallby-
hoj xkuBMHO] enexkTpoaM y cucreMuMa joH
MeTana-acKOpBGMHCKA KuceamMHa

G. EL INANY u I. C. BECEJIMHOBHURL
OnpebuBame TMTaHa y PacTBOPMMAa XMAPOXMHOHA

HEOPTAHCKA, OPTAHCKA M BHOXEMMJA
Canra 42

IIonoAHEeBHN CACTAHAK

IIpexncenaBajyhu: Muaenxo THeaan
Cekperap: Oaza Ryxosuh

12.50 —13.10
15.00 — 18.20
15.00 — 15.20
15.20 — 15.40
15.40 — 16.00
16.00 — 16.20
16.20 — 16.40
17.00 — 17.20
17.20 —17.40
17.40 —18.00
18.00 —18.20
15.00



II— 1
nm— 2
I— 3
II— 4.
II— 5.
II— 6.
II— 1
II— 8
Im— 1.
III— 2.

M. B. REJIAII, C. M. HEILIMRB, M. J. MAJIMHAP,
T. J. JABWR un II. H PAIMBOJIITIA

Cunresa u oapebuBam.e KoHdHUrypaumuje trans
(NOs)-cis (N)-, trang (NOs)-trans (N)- u cis (NOs)-
cis (N)-u3omepa auHuTpo-bis (amuMHo-anmaaro)-
-goG6ant(III)-jonoBa

T. J. JABBUR u L. B. PFENDT

VcymuBake cacTaBa M CTabMIIHOCTM KOMIIJIEKCHMX
jeaumwena y pacrBopy Cu(Il)-jomosa 1 DL-cepuHa
F. WOLDBYE u C. P. HUKETUR

KondopMammona aHaam3a tris (rpuMmeruneH-
amnamuy) KobGaar(III) cucrema

B. HUKOJIMRA n A. MVK

¥Yrmuaj cysido rpyne Ha NpoTOHaUMjy M JMCOLIM-
jaumnjy peareHca mepmBata bis-a30-xpoMoTpomnHe
KucenamHe

M. ROCHUR, . PAKMH u 3. BUHEH®EIX
Cunre3a u ocobune O-etTmn-S(2-N-metun-N-
-apunaMiHoeTua)mMeTnaruodocdonara

Oamop

O. A. BYPKOBUR u B. M. ITMMUTPUJEBUR
(o] peaxuujn aHxuapmnaa 3—HurpodTanHe
KMuCeauHe ca aHMIMHOM

M. CTE®AHOBUTHR, 3. BAPMATHU u M. TAIIMRA
DYHKIMOHNCAIbE CTEPOMAHMX JaKTOHAa
M. Jb. MUXAUIOBUAR, Jb. JOPEHI],

M. IABOBUR, . JYPAHUR u M. TAIIINR
ConBoauTH4Ke peakKuuje LMKJIOAELIEHMII-CUCTEMA

OHINMIYKA XEMMJA
Caaa 40

IIONOAHEBHN CACTAHAK

M. P. JOBAHOBUR
¥Yr™uuaj remMnepatypHor pexuma obpage Ha npu-
POAY KMCEJIOCTH MOBPLUMHE Y-3eoJaura

II. C. IIVTAHOB, B. . AJEKCUBR u

A. TEPJEUKU—BAPUYEBUR

UcnurtuBame TPOKOMIIOHEHTHUX LUMHK-6akap-xpoM-
HMX KaTajJM3aTopa 3a CHUHTEe3y MeTaHoJia.

III. cnuTBamke TePHEPHMX CHUCTEMAa Ca OAHOCOM
KOMIIOHEHaTa KOju oArosapa MHAYCTPMjCKMM Xa-
TaausaTopmuma

15.00 — 15.20
15.20 — 15.40
15.40 — 16.00
16.00 — 16.20
16.20 — 16.40
16.40 — 17.00
17.00 — 17.20
17.20 —17.40
17.40 — 18.00

15.00
15.00 — 15.20
15.20 — 15.40



IIT— 3. C. H. MIAIEHOBHWRA, Jb. BAPTA u B. HOBOKMET

XeMMjCKa OTHOPHOCT Jierypa oJioBa

¥ PacTBOPMMA 3a XpOMMpame 15.40 — 16.00
IIT— 4. C. H MIAJEHOBUR n II. PATOBAHOBUH

XpoMupame y NPUCYCTBY CHMIMKOQDIYOPOBOAOHUYHE

nau 60pdayopOBOROHUYHE KHUCENMHe 16.00 — 16.20
III— 5. 1. BOPBEBWRH, C. IIETPOBUR u B. AIMMIINA

¥YTiiaj Temnepatype M OQHOCa NOBPIIMHE Y3pOKa

npeMa 3anpeMMHM pacTBoOpa Ha XEeMMJCKY Aeno3s-

mMjy HMKJaA 16.20 — 16.40

Onmop 16.40 — 17.00

III— 6. B. MIWR, A. BOPBEBUAR, Y. IETPOBUTR u
B. AIMMIINA

IlojaBa HAmNOHCKOr CTaka KOA XE€MMjCKM MNOHM-
KJ0BaHMX 6GaRapHMX TpakKa 17.00 — 17.20

III— 7. G. EL. INANI u . C. BECEIMHOBUR

ITonaporpadcko noHamame MoaubaeHa y KOH-

LEeHTPOBaHOj CYMNOPHOj KMCEJIMHM Y TNPHUCYCTBY

XUAPOXMHOHA 17.20 — 17.40
III— 8. . C. BECEIMHOBUR u G. EL. INANI

CneKTpPodOTOMETPHCKO MCIIMTMBAaIE KOMILIEKCa

6aKpa M XMAPOXMHOHA Y KMUCEJNOj CPemuHu 17.40 — 18.00

¥Yropax, 19. jamyap 1971.
CHMMIIO3NIJYM O AHAJIMTHYKOJ XEMMJIM
Beauxu axdurearap

IIpenogHEBHN CACTAHAK 9.00 — 12.40
IlpencenaBsajyhu: Moxup Josanosuh

Cekperap: Muauua [Jpazojesuh

— IIlnenapHO mnpeRaBam-e

BIAIVUMHUP BYKAHOBUH

IejcTBO MarHeTHMX IO/ba HA €JEKTPUYHM JYK
¥ WUhY CHNeKTpajJHMX oapebuBama Tparosa

ejleMeHaTa 9.00 — 9.45
OagmMmop
I1—15. M. JOBAHOBUR u B. PEKAJIUR
IlonaporpadcKo noHauame Gepuaujyma 10.00 — 10.20

I—16. M. JOBAHOBUHR, F. F. GAAL u JI. BJEJIUIIA
IIpMeHa HeMHEPTHUX eJNeKTPOAHMX INapoBa 3a
oapebnBame opraHckux 6a3za y KucenamHa y He-
BOJIEHMM CpeAuHaMa 10.20 — 10.40



I—11.
I—18.
I—19.
I—20.
I—21
I—22
I—23.
1—24.
I—25.
I—26.
I--27.

M. C. JOBAHOBUWRH, F. F. GAAL u JI. J. BJEIUITIA
TaNoxXHO TUTPMMeTpujcKo oapebmBame cyadara

_IIPMMEHOM MHIMKATOPCKOr CHuCTeMa 6u3MyTOBMX

eJIeKTpoaa
B. BYYYPOBUA u M. C. JOBAHOBUHR
HoBa MHAIMpeKTHa oapebuBama XxJjopwuaa
XMAPOKCHUIAMMHA

OxgMop

M. JPATOJEBUR u M. C. JOBAHOBHUR
IIpuMmena aenoJlapu3alnMoOHe MeToAe 3aBpLIHE TadKe
3a oApebuBame XxJyopmuaa M jooguza y cmecu

M. C. JOBAHOBUR, M. IPATOJEBURA

n B. BY9YPOBUR

IIpuMeHa MHAMKATOPCKOr CUCTEMa HeroJapyu-
30BaHMX MJATUHCKMX EJEeKTPOAa KOX PEenoKC
TUTPaLMja

B. BAJTAH], P. MUXAUJOBUR

u M. PAKOYEBURA

KyaoMerpujcka tuTpanmja cMmece aaudaTHHHUX
M apOMaTMYHMX aMMHa Yy aUeTOHUTPWIY

IIoONOAHEBHN CACTAHAK

IIpencemaBsajyhnu: Jeauua Muwosuh
Cekperap: Muxena Josarnosuh

B. BAJTAHI u F. F. GAAL

IIpuvena audepeHIMjaNHMX TeXHMKA

Y KaTaJuMTHMYKO TEPMOMETPMjCKMM THUTpauMjamMa
B. BAJTAHA u O. CTOJAHOBWR
OnpebmBame XyuBe KaTaJUMTHMYKO IOTEHIMOME-
TPUCKOM THUTDALMjOM

B. BAJTAHA n T. TOIOPOBCKU
HurepdepoMeTpHjcKO M KOHAYKTOMETPHUjCKO OApe-
buBame HeKMX cMeca KMHETHYKOM MEeTOAO0M

T. TOOOPOBCKMH, Jb. KEIIKAPOBCKA,

JI. HIOIITPAJAHOBA un M. CIIMPEBCKA
HnurepdepoMmeTpyjcKO-BOSYMETPHJCKO OApe-
buBame yribeH-AMOKCHAA

Oamop

J. JUIITAK un E. ULRICH

AHanIMTHYKa KOHTPOJIa CHMHTe3e NMUPMAOKCHHA
(BuTaMya Bs)

M. TOHKOBHUAR u 1II. MECAPUR

OnpebyuBsame yribeHMKa M BOJOHMKA Y OPraHCKUM
CyTICTaHI|aMa Koje cajpxke ayop

10.40 — 11.00
11.00 —11.20
11.20 —11.40
11.40 — 12.00
12,00 — 12.20
12.20 — 12,40
15.00 — 18.00
15.00 — 15.20
15.20 — 15.40
15.40 — 16.00
16.00 — 16.20
16.20 — 16.40
16.40 — 17.00
17.00 — 17.20



I—28
I—29.
I— 9
II—10.
II— 11.
II—12.
II—13.
II—14.
II—15.

A. MAPKOTUR
KsanturamsHo oapebusame FesO« y napa u aua-
MarHeTMYHMM MaTepHjanMMa MarHeTcKoOM BaroM

B. TABUBOJA, L. PUTZ u B. CTUIMHOBHUR
Kemnjcko u O6GHMONOWLIKO MCTPAaXUBamke TaJjJora
u sose no ASTM-y npuMer-eHO NPUAMKOM YTBD-
buBama CTymba arpecCMBHOCTM MJM IITETHOCTH

HEOPTAHCEKA, OPTAHCEA M BMOXEMMJA
Canaa 42
IIpenonmesEN OCACTAEAK

IIpenacenaBajyhu: Mapjaw Jlahan

Cerperap: Muaan MywxaTuposuh

M. CTE®PAHOBUR, U. B. MU ROBUR

u I. MMJBKOBHRA

PeaykTusHe uuxanlauuje a, f-HezacuheHmx
CTEePOMAHMX KETO CHCTEMA Ca XETEepPOaTOMOM
y y-nonoxajy. CuHre3a HOpP-METHI-M30
CTEPOMAHMX aJIKaJouaa

M. Jb. MUXAUNIIOBUR, C. KOHCTAHTUHOBHURA
u XK. YEKOBHUA

HurpamMonekyincke agunmje HezacuheHmx

aJKOKCHM paauKala

O. BYPKOBHUTA, Jb. TAJEBOBUA,

B. IMMUTPUJEBUR, C. MMUJIOCABJbEBRA

u . JEPEMUR

Macenn cnektpy 3 (6)-Hutpo- m 3 (6)-anerammHO-N-
cdbernacynctatrymucanux ¢rallaMMHCKUMX KUCEJIWHA

O. JEPEMHWA. Jb. MUXAUJOBUA,

B. AHAPEJEBUR u M. JAKOBJBEBUR
OapebuBame CTPYKTYpe M30MEPHMX
8-eTun-7-okcabuumkno (4.3.0) HoHaHa

OxnMop

C. MUJIOCABJLEBUR u . JEPEMWHR

NMR cnekTpu cis- u trans-2-eTuja-4-XxuapoKcu-
MmeTun-1, 3-auokcosaHa u cis- u trans-2-ermn-5-
-Xmuapokcu-1, 3-auokcaHa

T. T. XAJAZVKOBHURA

¥YTuuaj pacteapaya y HYKJIeapHO-MarHeTHO pe3o-
HAHTHO] CNEeKTPOCKONMjU — LIMKJIMYHM KETOHM
Yy pactBopuMa 6eH3eHa

M. JABAH, J. XPAHUJIOBWHR, 3. BAJTHEP,
U. TABAKOBUR u 3. CTYHUR”
EnexkTpoxeMMjcKa peayKLMja MHTepMealjepa

y npou3Boawy BuTammHa Bs. II. ExekTpoxemMujcka
peayKuuja CYNCTUTYMPAHUX NUPUAOKCUHA

1720 — 17.40
17.40 — 18.00
10.00 — 13.00
10.00 — 10.20
10.20 — 10.40
10.40 — 11.00
11.00 —11.20
11.20 — 11,40
11.40 —12.00
12.00 —12.20
12.20 —12.40



II—16.
II—117.
II—18.
II—19.
II — 20.
II—21.
II— 22
II—23.
I1—24.
II—25.

K. KJbAJUR u M. [TPOLITEHUK

HM3onaumja M cTpykTypa cyadaruaa
KOH>CKOT MO3ra

IIonoaHEBHN CACTAHBAK

Ilpencenasajyhn: Jbybunxa Jlopeny

Cexkperap: Jbusara Majdanay

B. JECKOBAII, A. TYPYABKU u Jb. BPBAIIIKU
Perynaimja riyKoHeoreHe3e KOjx KBaclia Ipu
NopacTy Ha rajaKTo3m

M. CTE®PAHOBUTHR, A. JOKHUA

u ABDULAZIZ BEHBUD
XeMHjcKO McriMTUBam€e JoMahuMX BpcTa apTreMucua

O. TAIIMRB u M. IIEPTAJL

HcrmmmuBamwe nanasepy6uHa D y ornagHuM
TMPOAYKTHMA NPU MpepazM OmmjyMa

C. CTAHKOBHWRAR, Jb. MAJOJAHAIL

u Jb. TATEBOBUR

Unentuduraumuja npoueca aobujama BMCOKOOIJIE-
MemeHe cyndaTHe leayJo3e 3a XeMUjCKy npepaay

Oagmop

C. A. TPYJUR u B. 1. TPYIUR-UBAL]
XpomaTorpadpcko pa3aBajame HYKJIEMHCKUX
KNCeJIMHa KYKypy3a Ha KOJIOHM Of MEeTMJIOBaHOr
XyMaHor aabyMuHa

O. JAHUYUR u 1. CMUJIbAHUR
XnapoimuTMYKa Aerpajaumja KyKypy3HOT
ckpo6a nomohy a3oTHe KuceJuHe

O. JAHYUR u A. BOPBEBURA
AMuHO erpu cKpoba ca daoKyaanmMoHuM ocobuHaMa

A. BOPBEBUWAR u O. JAHYNRA
YnopeaHa okcuaaumja KyYKYpy3HOT, KPOMITMPDHOT
M IUIEeHNIHOr CcKpoba

O. JAHYUR u A. BOPBEBUR
HUcnurusamwe roxyraumMoHnx ocobuHa aMMHO
erapa ckpoba

OH3IHYKA XEMMJA

Caaa 51

IIpenogHEeBHN CACTAHAK

IIpenceaasajyhu: Cnacoje Bophesuh
Cerperap: Hanxa Josanosuh

12.40 — 13.00
15.00

15.00 — 15.20
15.20 — 15.40
15.40 — 16.00
16.00 — 16.20
16.20 — 16.40
16.40—17.00
17.00 — 17.20
17.20 —17.40
17.40 — 18.00
18.00 — 18.20
10.00 — 12.40



10

III— 9.
III—10.
III—11.
III—12.
III—13.
III—14.
IIT —15.
IV— 1.
IV— 2.

C. BOPBEBWA, M. IIJEIIIYUN'R, 3. CTAHKOBUR
u B. IVEBUR

DUINYKO-XEMMICKe BeNIMYMHe 33 CUCTEM
Kynpucyndar-cyMrnopHa KuceauHa-popa. II

J. JAIbWA, . IIENNA un 1. JAHKOBUR
EMMCHOHM €JIEKTPOHCKM crieKrap 1'Ci8O+ monexyxa.
I HeraTMBHM cHucTeEM

O. XAIIM » C. MMIINBEB

BubpalmjcKu CnexTpM agyxaTta HEeKMX TpuXa-
JIOTEHMAA eJieMeHara TIeTe IJIaBHe BepTHKale
nepuoORHOr cmcreMa ca TpudeHmnadochuH ORCHAOM
U TpispPernIapcuH OKCUAOM

A. XAIIM, M. OBPAJTOBHWAR, 1. TPAMIIVX

n J. KULIPUY

BubGpaipoHa aHaau3a o HOPMAJHMUM
KoopauHaTaMa 3a Bubpamuje y paBHM AuMepa
TpuxJopcupheTHe KuceJIMHe

OamMop

X. BOPBEBUAR, K. HUKOJNER n 4. IIETPOBUB
Yrmiaj pexuma CHMHTEpoBamka Ha Gayope-
CLIEHTHE CIIeKTpe JYMMHMCLEHTHMX MaTepujana

Ha 6a3u 3eMHoaNKaJMHMX cyaduza mu cyadara

Y. ITIETPOBUR, I. BOPBEBURA

u A. CTE@AHOBUR

IIpoyuyaBame€ CTeneHa TEPMMYKOr pa3Jjiarama
cMmerne KajanujyM KapGoHaT — CTPOHIMjyM
KapGoOHaT y NMPOTOYHOM CHUCTEMY

Y. IETPOBUR, K. HUKOJWRA u . BOPBEBUR
¥YTtHaj peTkux 3emaba Ha (PAyopeclieHTHe
cniekTpe aymmuHodopa Ha 6a3m cMmewre cyiadpuaa

U cyndara 3eMHOAJKAJHMX MeTasa

METAJIYPTHJA
Caaa 91

IIpenogHEBHN CACTAHAK

IIpeacenaBajyhy: Qywan Byuyposuh

Cekperap: Pajxo Bpaxap

M. CITACHR, 1. BYYYPOBUR u . WINA
EKcriepyMeHTaNHa MCTPaXXKMBakba M INPaKTUYHA
peaansaumja npepaje XuBuHe pyge ,Illyrba
creHa“ ApBana

B. BYPKOBUR u . CMHAOIVMHOBUWHR
KoHueHTpammuja MHAMjyMa y pacTBOPY €KCTPaK-
LMjOM OPraHCKMM pacTBapaymMma

10.00 — 10.20
10.20 — 10.40
10.40 —11.00
11.00 —11.20
11.20 —11.40
11.40 — 12.00
12.00 —12.20
12.20 — 12.40
10.00 — 12.40
10.00 — 10.20
10.20 — 10.40




Iv— 3.
Iv— 4.
IV— 5.
Iv— 6
Iv— 1
Iv— 8
v— 9
Iv—1o0.
IV—I11

C. MAPKOBUWR u P. BPAYAP
IleBHM peakKTop M IdyXRewe GoKcuTa
BajepoByM NpoOLIECOM Y HEMY

'B. IBETAHOBIR
Hobujame depo-cHIMKO-aJIyMMHUjyMa €JIeKTPO-
TEPMUYKOM peayKumjom Gesor GokcTiTa

OamMop

I. BYYYPOBUR u 1. NLIINA

IIpuior Opoy4YaBamky NpoLeca XJOpOBamba
HUKJICUIIMKATa ¥ MOTyhHOCTM H.erose
MHTeH3ndMKanyje, racoBUTMM XJIOPOM

B. I. JOTOMEPAILL
Toruberwe HMKJIOHOCHMX IJKeJbe3HMX DYAa

H. TAKOBHA, Jb. HEAEILKOBMHE,
I1. BOTOCABJBEB u A. YABU'R

Ytunaj okcupammoHe racHe ¢pase Ha moryhHocT
YKJamamha CyMIIopa M3 cucTeMa rsokhe-Tpocka

ITonogHEeBHEN CACTAHAK
IIpencenaBajyhu: Bpanxo Boacuh
Cekperap: Bojun Muaenxosuh

B. IIEPOBUR un XK. CTEDPAHOBUR
¥ruaj nocrynka fie3oKcupaaLmje U pexmuMa

3arpujaBama MHroTa Ha TEXHOJOIUKY IJIaCTHM4YHOCT

geauka 9. 1190

M. IIEIDTR. C. TOXOPOBUR, B. MMJIEHKOBMA.

u M. JOBAHOBHUHR

IIpunarobaBarbe NEMA- Tecra 3a OLEeHY
crioco6HOCTM XKapewma 6e3knceoHuMuHor Gakpa
C. TOOIOPOBUR

Yrmiaj onosa y GesruceoHmyHoMm Gakpy Ha
TeMIepaTypy DeKpucraiamsaimje

M. IIEIINAR, C. BUINER, H. BOPOHIIOB
un B. MMJIEHKOBHUR

Yruiiaj dakropa obaMEa Ha TOK Kapema
ANYMMHMjYMCKMX JIMMOBa

OnMop

— Toduwibu CcacTanax Meraaypuwixe cexyuje
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10.40 — 11.00
11.00 — 11.20
11.20 —11.40
11.40 — 12.00
12.00 — 12.20
12.20 — 12.40
15.00 — 16.20
15.00 — 15.20
15.20 — 1540
15.40 — 16.00
16.00 — 16.20
16.20 — 17.00
17.00 — 18.00



rogMineM CACTAHIM CEKIIMJA CPICKOr

XEMMJCEKOTI IXPYUITBA
— HACTABHA CEKIIMJA
Caaa 40

IIpenonEeBHEN CACTAHAK

IlpencenaBajyhu: ITasae Tpnunay
Cexperap: Caasxa Bowwaxosuh
CTAHMMHUP APCEHUJEBUR

JlaBoa3uje pedopMaTop Xxemmje
AJIEKCAHIAP JEKO

O caapxajy cuMno3ujyma O HacTaBM XeMmuje
noBofoM npociase 75-rogmumune Cprncxor
XeMMjCKOT APYILTBA

Auckycuja

IIonogHEBEN CACTAHAK

IIpeacenaBajyhu: Josaw ILllena

Cekperap: Mupjana Illaban

MUXAUIIO MAPKOBUR

TakMuyewe cpeamOlIKONala U3 XeMMuje NpeKo
nokpera ,Hayka miaaauma“

BUJIMM BAJTAHJI

Heka MCKycTBa ca caBe3HMX TaKMM4emba
CTyA€HAaTa M3 aHAJMTHYKE XeMuje

PYXHUIA BIAJHNRA u JbUJbAHA 3MHIOBHWA

AHanan3a KBaaupUKaAUMOHMX MCIUTAa Ha Meau-
UMHCKOM (paKyaTery wuKoJcke 1970/71 roauxe

JAuckycuja

— CEKLIMWJA 3A TEKCTUJIHY XEMUJY
MU TEKCTMJIHY TEXHOJOTMJY

Caaa 52

TIpenonHEBHN CACTAHAK

IIpeaceaaBajyhu: Quuurpuje Lloxuh
Cekperap: Tpajxosuh Pucra

IIOKHUAR 1., NIEPKY4YMUH J.

¥Yruuyaj ankaamja Ha AeKpuUcTaau3alujy naMyka
IIOKUA ., NEPKYYUH J., YAJIUR II.
Kunernka 6ojem-a naMyKa pasjIMuYMTOr CTeNneHa
neKpucraamsaumje

P. JOBAHOBUR u H. CJIABEJKOB
IIpoyyaBam-€é MOryhHOCTM NpHUMEHe XeMMjCKUX
areHaca Kao JAeTeKTopa NpPOMeHa Y CTPYKTYypM
MOJMKANPOAaMUAHMX BJIaKaHa

10.00 — 12.00
10.00 —11.00
11.00 —11.20
15.00 — 17.00
15.00 — 15.30
15.30 — 16.00
16.00 — 16.30
10.00 — 12.20

10.00 — 10.15

10.00 — 10.30
10.30 — 10.50



10.

11

Vi—1.

13

P. JOBAHOBUTAR, T. CIABEJKOB u A. JYINh
Vrimiaj napamerapa McTe3ama Ha OPMjeHTHMCAHOCT
MONMKANPOAMMAHUX BJIaKaHa 10.50 — 11.10

Oamop 11.10—11.30

M. JAROBUR, M. JAHUR u I. IIOKUHh
Ilpunor npoyyaBamwy CHMHTe3e peaKTMBHMX 6oja
ca aTOMMMA TeIUKMX MeTaja 11.30 —11.45

AO. IIOKUR, P. TPAJKOBUR
IIpoyuaBawe MoryhHoct obpapge obojeHor

naMyKa COJIMMa TELIKMX MeTaja 1145 —12.00
. P. JOBAHOBHMR
Kanemmewe ByHe BMHWIHUM MOHOMEpMMA 12.00 —12.20

IOoNnoQHEBHN CACTAHAK ' 15.00

ITpepceaaBajyhu: Padsxusa Josanosuh
Cekperap: Caobodana Kosau

A. JOKWBR, P. MAHOJJIOBUR n B. MEMHELCLER

VTHiaj] PeaKTMBHOCTM NpERKOHAEH3aTa Ha CTemeH
YMPEeXXEHOCTM LenyJso3e : 15.00 — 15.13

O. IOKUR u M. ITIOJIMREBIUB

JlernoHOBawe CONMM TELIKMX MeTaja y NaMy4HOo
BJAAKHO 15.15 — 15.30

A JJOKMR n B. MMUPOBCKA

¥Yruuaj npupoge xatjoHa Ha ocobuHe pacTBopa
conn poaenmnbeH3onCyNPOHCKE KUCEAMHE M HbU-
XOBMX CMella 15.30 — 15.45

A. IOKUER u M. BOKHUR

OneHa MeToAa KaJyIUubeHha NOMYYHMX BJIaKaHa
3a yJTPaMMKPOTOMCKAa M €JIeKTPOHCKO MMKPOCKOM-
CKa MCNMTHBaMKAa 15.45 — 16.00

— CEKIIMJA 3A KEPAMUKY
Cansa 89

IIpencenaBajyhu: Hejan Heauh

Cekperap: Jyxa Kueauh

C. CTOJAIUHOBHUR

JOonpMHOC NO3HaBamy reHe3e TMIICHOr KaMeHa 15.00 — 13.20

II. CAITYHOB, M. MATKAJIMEBA
u B. IABJOBCKH

IIpumena Genor Tycda y LEMEHTHO] MHAYCTPMjM 13.20 — 13.40
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Cpena, 20 jamyap 1971.

— CEKIIMJA 3A XEMUJICKO MHXKXEILEPCTBO
(Beauxu amgpurearap)

IIpeacenaBajyhu: Caobodan Konwap-Bypbesuh
Cexperap: Aaexcandap Tacuh

BOIIKO ITABJIOBUR
XeMujcke pearuyMje y mnija3My eJeKTPUIHOr JyKa
¥ MOryhHOCT H-MXOBE IPMUMeEHe

H. A®TAH, 1. MAJIMNR, B. BOPBEBUER
n A. TACUR
DEHOMEHHM NPEHOca C acneKkTa TepMOAMHaAMMKE
HEeMOBPaTHMX IIpolieca
— CEKIIMJA 3A AHAJIUTUYKY XEMUJIY (Caxra 51)
— CEKIIMJA 3A PAIMOXEMUIY
— CEKIIMJA 3A EJEKTPOXEMWJY (Casa 51)
JAKIIINR MMIIAH:
Pa3Boj Teopuje M nmpaxce eJIeKTPOXEMMJCKMX
npoueca Ha pPacTBOPMMA ajKaJHMX XJIOpMAA
— CEKIIMJA 3A CNEKTPOXEMMUJY (Caxsa 52)
— CEKIIMJA 3A BUMOXEMWMJY (Caaa 89)
— CEKIIMJA 3A LEJVYVJO3Y U XAPTUJY (Caxsa 90)
— CEKLIMJA 3A VTrAlb, HA®TY
U IIETPOXEMWMIY (Caaa 91)
TOIUINIBbA CKVYMIITHMHA CPIICKOT
XEMMJCKOT APVIITBA (seauxu amgburearap)

Tlouyerak ce opsaxke 3a 17.00 yroauxo He Gyne
npucyTHa 6Gap jeaHa mnoJsoBMHA 4JaHCTBA

9.00 —9.45
10.00 — 10.45
10.00 — 12.00
10.00 — 12.00
10.00 — 12.00
10.00 — 10.45
10.00 — 12.00
10.00 — 12.00
10.00 — 12.00
10.00 — 12.00

16.00
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1. CHMIIO3HJYM O AHAJINTHYKO] XEMHJH

I—1.

CIIEKTPOMETPUJCKO OJAPEBMBAIGLE 15 EJJEMEHATA
Y TPATOBMMA Y BUCOKOYMCTOM BAKPY

C. BYKOTUA
Research & Technical Center “Anaconda”, Waterbury (USA)

Hara je mMerona 3a oapebuBame B, S, Se, Te, Ag, Zn, Cd, Hg, Sn, Pb, Ni,
P, As, Sb 1 Bi y RoHueHTpaumjamMa ox 1 no 15 ppm y BucoxoumucrToM Gakpy,
npeTxoaHo peayKoBaHoM Gopom. Cranpapau Gakpa ca 1, 2, 5, 10 u 20 ppm
OBMX eJleMEeHaTa NPUITPEMJbEHU Cy N0 mnoceGHOM MOCTYNKY M oAapebeHe cy mbu-
xoBe KaaubpammoHe Kpyuse. CTaHpapAHa OACTymawa M3HOce OKO 4%,

I-2.

KBAHTUTATUBHA PEHATEHCKA AMU®PPAKIIMOHA
AHAJIN3A BOKCUTA

J. MUIIIOBUB » Jb. ®OTHER

Texnoaowxo-MeTaaypuixu gaxyarer, Beozpad u MHCTUTYT 3a xemMujcxa,
TETHOAOWIKG U METAAYPWKA UCTPAICUBAWA, Beozpad

Y paay je BpmieHO MCIMTHMBaMKke KBAaHTMTATUMBHOI MMHEPAJIOLIKOr CacTaBa
Goxcura nomMohy peHAreHcke aucdparumMoHe Metoze. JobujeHe KpuBe 3aBu-
CHOCTM MHTEH3uTeTa AM(PaKTOBAaHOr 3payela Of INPOILEHTHe KOHIIeHTpaiuje
nojenuHux cacrojaka OGOKcuTa TyMaueHe Cy npeKo Teopuje Alexander m
Klug-a, ka0 ¥ IOpeKo ceAuMMeHTraloHe Tteopuje. IIpMMeHoM u3pa3a 3a u3pa-
JYyHaBamhe MHTEH3uTeTa AUM@PPaKTOBAaHOr 3payewa Koju cy nanm Alexander
n Klug nobujajy ce kanubpanmoHe Kpuse 3a onpebuBaHe KOMIIOHEHTE Koje
ce Mebyco6HO n0o6pO cJyaXky, MOA YCJIOBOM Jila Ce aHaau3upajy KBaJMTaTMBHO
yct Gorcui. CenyMEeHTAlMOHY TeopMjy HMCMO MOrJM Ra IPMMEHMMO, jep je
OHa pa3BujeHa ¥ NoTBpheHa caMo Ha cCUCTEeMMMAa rfe Cy MAaCeHM arcCOpPMIMOHU
KoedMMjeHT KOMNOHeHaTa Ouam BpJao GaMCKHM, a pa3yiMKe y creuudpuuHmM
TeXMHaMa BeJuKe. VicrmMTMBaHM cucteM OeMuT-rurncur uMa MebyTitM BpJao
pasyuMTe ancopnuyoHe KoedmMjeHTe KOMIIOHEHaTa, a He TaKO pa3jinyuTe
cneumcyHe TeXMHe.



CIHHEKTPO®OTOMETPUJCKO OIPEBUBAIGE
IVMETHWII CYJIPOKCHUIA

3. M. KE3RAP » 3. 1. BAKOBITR
HMucruryr 3a nyxaeapue nayxe ,Bopuc Kudpuu®, Bunva

PassujeHa je crnekrpodoToMeTpMjcKa MerTona 3a oapebuBambe MuIMrpam-
CKMX KOJMMUMHA IMMETWI cyJadoKcHaa y BOAEGHOM pacTBopy. Meroma ce 3a-
CHMBA Ha yTHLajy KOju AmMMeTMs cyn(OKCHMA BplUM Ha creKkrap rsoxbe (III)-
-XJIoOpMAa y BOAEHOM pacTBOpy. OCeTbMBOCT MeToje HMje BeJIMKa, aam je
TAYHOCT 3ajj0BOJbaBajyha.

I—4.

CIIEKTPO®POTOMETPUJCKO OJPEBMBAIGE TPATOBA
EJJEMEHATA YV JJAHTAH OKCUJY BUCOKE YUCTORE

I. PAJKOBUHR

VNCTUTYT 30 TexXHOA0ZUJY HYKACADHUT U OPYLUX MUHEDPAAHUX
cuposuna, Beozpad

Pa3pcheHe cy wmeroze 3a crektpodoroMeTpujcko oapebuBame reoxkba,
MaHraHa, KobaJjita, TopMjymMa M CMIMLMjyMa Yy JIAaHTaH OKCMAY BMCOKe uuctohe.

3a oapebuBame cy Gupane merone Koje ce OQIMKYyjy TaduHomnhy, oceTsbu-
Bowhy, cnemmdnudHomthy M jegHocraBHouthy., McnuraH je yTuuaj JlaHtaHa Ha
oapebuBame CBaKOr MOjeRMHOr ejJeMeHTa M JaT je oaroBapajyhmu noctymnak.
IIpoBepeHe Cy TayHOCT M NPELUM3HOCT MPHMKAa3aHMX METoAa M YTBpbeHO jga ce
Hajla3e y rpaHmuama yobuyajeHum 3a crieKTpodoTOMETpPHjCKe MeTohe.

T'soxkbe ce oxpebyje oprodeHaHTPONMHOM, MAHraH NEepPMaHraHaTHOM Me-
TOAOM, KOBGAJIT ¢ HUTPO30-P COJNM, TOPMjyM C TOPMHOM, a CMIAMIUIjyM Kao MoO-
nubaercko niaaso. CBe Meroze Cy AMPERTHe, u3y3eB oapebuBama TopMjyma,
rae ce BpIIM OABajamke OX JIAHTAHa.

I-5.

YJIOTA pH KOJ OOIPEBMUBAILA CUIIMIINIYMA ¥ YPAH
AVMOKCUAY METOJAOM MOJIMBAEHCKOI IIJIABOTI

I. PAJKOBUR

HHMCTUTYT 3@ TeXHOA0UJY HYKACAPHUX U OPYIUX MUHEDPAAHUT
cuposuna, Beozpad

IIpn pa3paau Merose oapebuBama cuaMmMjyma y ypaH AMOKCHUAY 3acHO-
BaHe Ha rpabemy MoamGaeHcKor nJasor ucnuTMBaH je ytuuaj pH. OBaj yTH-
naj ce ucriosbaBa Koj rpaheiba M peaykumje cuanuujym — Moan6aaTHOTr KOM-
MnJeKca, Kao M y MOryhHOCTM TaJioKemwha NPUCYTHOr ypaHa.
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Mcenmran je u yrmuaj dayopuaa Ha pH npu Kome ce pobuja MaKCHMMaNHM
uaTeH3uTer 6oje Hacrazor MoaubGAEHCKOr nJaBor.

Vammajyhu y o63up pe3yirtaTe OBMX MCIMTMBamKka 3a NpPEAJIOXKEeHM aHa-
JIMTUYKM TIOCTYNaK ycBojeH je pH 1,1 Kao onTMMaJHM MOX AaTUM eKclepu-
MEHTaJIHMM YCJIOBMMA.

1I—6.

OJAPEBUBAILE YJITPAMUKPO-KOJMYMHA KOBAJITA
NMPAREILEM KATAJIUTUYKE OKCUIAIINJE
IMNPOKATEXUH-JbBYBUIACTOT
BOJOHUK-ITEPOKCUIOM

T. J. JAIb MR u I. MWIOBAHOBHR

Hpupodno-aaremarunuxu gaxyarer, Beozpad w MHCTUTYT 3a Temujcxa,
TEXTHOAOWKA U MEeTAAYyPWIKa UCTPaxusarwa, Beozpad

JlaTa je HOBa KMHETHYKa MeTOAa 3a oapebuBame yJATPaMMKPO-KOJMYMHA
KobaJjiTa NpMMEeHOM peakuuje oKcuaauMje nupoxarexuH-sbyomuacror (IIos) BO-
JOHMK-NIepoKkenaoM. Paan u3Hajaxewa ONTMMAJHUX YCJIOBa 3a NPMMEHY OBe
peakuuje 3a oapebuBaie Kob6aJiTa, UCIIMTAHA je KMHETMKA OBE peakKuuje u aar
je WeH KMHeTMYKu uspa3s:

"gf = K{ITs][H,0,][H +]"#[Co?*]

KuHeTMuKM M3pa3 32 HEKAaTaJu30BaHY peakKuMjy, Koja ce YrNopeao Crnopo
01BMja, MOXKE ce MNpejaCTaBMUTM OBaKO:

— DR T [
dt
Ha OCHOBY KMHETHMYKMX u3pa3a 3a Op3MHy KaTaauTuykKe M HeKaTaJuTH4Ke
peakiMje OKcHAalMje NMUPOKATEX H-JHyGUYACTOr BOJOHMK-TIEPOKCHMIAOM M3pa-
yyHaTe Cy KOHCTaHTe Op3MHa KaTaJMTMYKe M HeKaTaJIMTU4YKe pearumje, Koje
u3Hoce: K = 0,98 + 0,02 X10* u Ko = 0,74 1 0,03 X 10—,

UcnutuBameM yTulaja TeMmmepaType Ha OGp3MHY KaTajJMTU4YKE M HEKaTa-
JUTUYKEe peakLMje HaheHo je na eHepruja akKTUBalLMje M3HOCK 34 KATAJUTUUKY
peakimjy 10,38 kcal mo MoJy, JAOK 3a HEKaTaJMTUYKY peaKLMjy WM3IHOCH
14,79 kcal no Moaxy.

Ha ocHoOBy pobuBeHMX mnogaTaka M3padyyHaTe Cy ¥ ofroBapajyhe eHTpo-

muje akTMBauujc: 'S = — 4,38 e.j. o MoTy 3a KaTaaUTHMYKY peakumujy u AS =
— 35,82 e.j. mo MoJy 3a HEKaTaJMTUYKY pearLujy.

Hajmama KOHUeHTpauuja KobaJiITa Koja ce NpMMEHOM OBEe MeTOJe MoxKe
onpebuBaT M3pauyHaTa je mo metoAM JaumMMmmupcKor M m3Hoci: Cmin > 0,65 X
X 10— pg/ml.

Ha ocHoBy aof6uMBeHMX pe3yJirTaTa NpMUMeIbeHa je peaKLuja oKcujgaumje
MMPOKaTeXUH-JbYOMYACTOr BOJZOHMK-TIEPOKCHMAOM 3a ofapebuBame yJITPaMUKPO-
KoanmyuHa KobajiTa, Koju OBy peaRuMjy KaTaamusyje. OapebmBamwa cy BpIllIeHaA
merogoM tangensa, a ogpebuBaHe cy KoamuuHe KobaJiTa Koje cy ce Kperaje
on 2,0 X 10— mo 13,0 X 10— ug/ml.

2%
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Hajsan, ucmran je yrmmaj cmemehux crpammx fomoBa Ha Gp3uHY OBe
peakmmje: K+, Na+, Ca?+, Mgtt, Cd*+, Cu?+, Ni+, Znt+, Pbt+, Bi3, Fe’+,
Cr*t, Mn*+, Cl—, SO¢—, NOs—, CHiCOO— yu C:04—.

1-17.

OAPEBUMBAILE APCEHA(III) ¥ AHTUMOHA(III)
KAINIYM-IUXPOMATOM

B. BAJTAH]JI, B. HHKOJHWER n Jb. BYPUR
IIpupodno-saremarunxu Paxyarer, Beozpad

VsBpmieHe cy noreHmmoMerpujcke Turpammje As’+t uanm Sbit y 3—8
N H:SO« mam HCl guxpomarom. ITomITo ce paBHOTEXRKHO CTame Ha Pt enek-
TPOAYM CIIOPO YCIOCTaBJba, TUTPalMje cy BplieHe y npucyctsy 10—M KJ; jommun
je ynorpebmeH Kao nmocpengHMK (MeaujaTop) paau Gpxker ycmnocTaBlbamba eJieK-
TPOAHOTr TNOTeHuMjana. YnopehuBameM CIEKTPODOTOMETPHMJCKUM M IOTEHIMO-
MeTpMjCKMM TIyTeM fRoOMBEHMX nojaTraka o Op3uHaMa XeMujcKuMx peakuuja
yTBpheHo je Aa joauz He Karanuaupa peakuujy uameby As’*, oan. Sbdt+ u au-
xpomaTa. ¥ NPUCYCTBY MeaujaTopa PaBHOTEKHM MOTEHLMjaJl ceé YCMOCTaBJba
3a 1—2 MMHyTa M MOry ce moGMTM TauHM M OPEUU3HM pe3yJTaTH.

OnpebuBane cy KoamuuHe o 5 no 80 mg As maum Sb ca npocewyHoM
rpemikoM ox 0,2—0,4% ¥ craHzapaHoM paesmjaumjoM on 0,2%.

I—8.

AMIIEPOMETPUJCKA TUTPALIMJA APCEHA (III)
U AHTUMOHA (III) TMXPOMATOM

B. BAJTAH]J, B. HUKOJIMA 1 B. AHTOHMJEBHEA
ITpupodno-saremaTuuxu ¢paxyarer, Beozpad

W3BpuieHa je aMnepoMeTpujcKka Tutpaumja apceHa (III) u anTmmona (III
KanaujyM auxpoMaToM npu noreHumjany om 0,25 V/ZKE, ynorpeG:paBajyhn
POTaUMOHY IUJIATMHCKY MMKpOeJeKTpoay. Turpaumje cy wuseBobene y 0,5 1o
8 N H:SO« mumm 2,5 no 8 N HCl. Cuumammem I—V KPMBMX OCHOBHOT €JI€KTPO-
anta u y npucycrsy As (III), Sb (III), Cr (II) n Cr (VI) 3anasuam cMo aa
Ancy3noHa CTPyja NoTHYEe caMO Of eJIEKTPopeAyKuMje AMXPOMATHOr joHa Ha
noreHuyujanuma no 1 V/ZKE. YiciutuBak.eM 3aBMCHOCTM Aidy3mMoHe cTpyje ox
KOHLEHTpaluyje AMXPOMATHOr jOHa YOUMJIM CMO JIMHEapHY 3aBUCHOCT y MHTEp-
Bany on 2.10—% no 2.10—* g-joHa/l, yMMe cy maTH ycJoBM 3a M3BOhewe amme-
poMeTpMjCKe TuTpauMje CeMMMMKPO KoamumHa apceHa (III) u amTmmona (III)
anxpomaroM. Koanunne ox 0,4 no 20 mg apceHa (III) oapebmuBaHe cy ca Tau-
Houthy 99,45 4 0,70%, a 0,6 a0 20 mg anrumona (III) ca rTaunouthy 99,65 4+
+ 1,02%.
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I—9.

INTPOYYABAIE CTABUMJIIHOCTU MAJAINIYM (II)
AIIETATHOI' KOMIIJIEKCA NOTEHUVMOMETPUJCKUM
M IIOJAPOTPA®CKUM NIYTEM

B. BAJTAH]J » Y. CIIMPEBCKA

ITpupodno-maremaruuxu paxyarer, Beozpad u TexrHOAOULKO-KETRAYDPULKY
gaxyarer, Cxonje

HcnmutuBaHe cy Heke ocobMHe alleTaTHOr KoMmulekca majaaujyda (IT) jona®
y pactBopy. OnpebeHa je npubGamikHa BpPeAHOCT KOHCTaHTe CTaGMJIIHOCTHM KOM-
MJIeKca M UCIUTMBaAHaA je MOryhHoCT H-eroBe mpuMeHe y nojaporpadckoj aHa-
au3n. Ycaoeu rpabema KOMIIEKCa MCIMTMBAHM Cy IPU ORHOCY MeTaja IpeMa
JauraHay ox 1:10 xo 1:2000. HajsepoBaTHMjM cacTaB KOMILIEKCAa M3HAJ OZHOCA
najiaaMjyMa npema aneraTHoM jody 1:80 je [PA/CHsCOO/«]*—; meros aHjoH-
CKM KapaKTep NOTBPAMAM CMO eJieKTpodope3oM, 6poj Be3aHMX JAMraHia I0-
Mohy JleneHoBe MeTofe, a KOHCTAHTY CTaGMIHOCTM M3 TOTEHIMOMETPUICKM
MEpeHMX BpenHOCTM aKTuBurera nanaaujym (II) -joHoBa Ha mnajaaujymoBoj
enekTpoau. KoHcraHTa CTaGMIIHOCTM OBOr KOMIJIEKCa WM3HOCHM INPHOIIMIKHO
1,2.10'* npu joHckoj jaumHM oko 1 u pH 4.

Y ucroM aneratHoM nydepy nanaamjym (II) — jouu aajy nonaporpadckm
Tajac, YMju je moayrajacHu noreHumjan Ha 0,22 V/ZKE. Enektpoxum nponec
je upeBepcaH, a cTpyja audy3moHor KapakKTepa. Tasac Huje mojecaH 3a mona-
porpadcko oapebuBame mnaaagujyma.

I—10.

OJAPEBUBAIGE ITAJIAIO-JOHOBA IIOTEHIVMOMETPUJCKOM
TUTPAIIMJOM HA ZKMUBUHOJ EJIEKTPOAU

B. BAJTAHJI #» M. MMWJIOBAHOB

ITpupodno-matemaTuuxu ¢paxyarer, Beozpad

) Pa3nuka y KOHCTaHTamMa ctabuiaHOCTM majafo-aueratHor M maaago-EDTA
Komruiexca (10%°) omoryhaBa nma ce y npucycrsy Hg enekTpose y ameraTHOM
pervaaTopy, Koju caapxyu 10—M Hg-EDTA c ycmexoM TUTPYjy najxago-joHu
pacrsopoM EDTA. TloreHumoMeTpMjcKOM MeToaoM je oapebeHa npuGianmxaa
BpeJHOCT KoHcTaHTe crabuiHoct Pd-EDTA komniekca (10'8). Turpammje ce
Hajbosbe M3BOAE Kaja je ¥ pacTBOPY OAHOC MaJjiafo jOHOBa MpeMa alleTaTHUM
joHoBuMa 1 :80. Xynopuayu, HUTPUTH (M3 a30THE KMCeNMHe Ipy pacrBapamy Pd),
cyacdat y Behoj KOHLeHTpaiMju M aMOHMjauHM joHOBM cMerajy. OapebuBaHe
cy xoauumuHe ox 10 no 50 mg nanagujyma mu Habeno je 99,5 + 0,3%/0 meraia.

ITpumeHoM Hg eJyleKTpoae M3BpLUEHE Cy Yy aLEeTaTHOM Nydepy NOTEHIHO-
MeTpMjCKe TUTpalMje THOTJIMKOJHE KMCeJMHEe PAacTBOPOM MajlafoHMTpaTa MIM
nepxJjopata. CRKOK MNOTeHLMjajla OKO TadKe eKBMBaJleHIuje je BpJIO BeMMK.
OxpebuBane cy Koauumse ox 0,5 1o 5 mg nanagmujyma u Habeno je 99,7 + 0,9%
merana.
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I—11.

MUCIIMTUBAILE YCJIOBA 3A KOHAYKTOMETPUJCKY
TUTPAIINJY BA3A ¥ CUPRETHOJ KUCEJIMHA

B. J. BAJTAHJ » T. J. IACTOP
ITpupodno-uatemaTuuxu paxyarer, Beozpad

¥V pagoBMMa HaBefEeHMM Yy JMTEpPaTypyu OnMucaHa je caMo AMPeKTHa KOH-~
AYKTOMeTpMjcKa TuTpaumja 6asza y cupheTHOj KMCENMHM M MeTOAa peTHTpa-
nMje y NpUcycTBy aHXMApPuAa cupheTHe KucenuHe. 360r Tora CMO y OBOM pany
WUCIIMTaXN YCJIOBE 3a KOHAYKTOMETPMjCKYy TuTpaumjy 6a3a y umcroj cupherHoj
KHMCeJNIMHM Kao M Yy CMecM CHMpheTHe KMCeJMHe M HeHOT aHXMADMAA AMPEeKTHOM
TUTPALMjOM, MHBEP3HOM TUTPAaLMjOM M METOAOM perutpaumje. ITocaemme zase
MeTtoze fnobpe pesynrare najy M npu oxpebusamby Bpao cnabux 6a3a y cmecu
cupheTHe KucenmHe M HEHOr aHXMADMAA. HUPEKTHOM TUTPalMjoM BpJAO Cia-
6ux 6asa y umcroj cupheTHOj KMCENMHM ROGMBEHM CY TNPEHMCKM DPe3yJTaTH,
a y CMecHM pacTBapada NpeBUCOKM pe3dyaratM. HabeHo je, mebyrum, na ce au-
PEKTHOM TUTPAalMjoM y YMCTOj CcHpPheTHOj KMCeIMHM MOTy OApeauTHM M OBe
6a3e, YKOJIMKO ce pacTBopy Oasze npe Turpaumje aoaa caaba xuceamHa y Behem
BMIIKY, HIpP. TPUxJopcupheTHa KuceJMHa.

Takohe CMO MCIMTMBAJAM YTMUAj y PacTBOpy NpMUCyTHe Boae M Behux
KOJMYMHA aHXUAPHAA cMpheTHe KHuceJIMHe, Ka0O M NPMPOAEe TUTPaLMOHOr cpejn-
CTBa Ha OGJMK TMTPALMOHMX KPUBMX M Ha TAa4YHOCT AOOMBEHMX pe3yJTaTa.

I—12.

OAPEBUBAIGE HEKUX MHCEKTUMIMAA KMHETUYKOM
METOJOM IIPEKO BP3MHE XUIAPOJIU3E
KOHIYKTOMETPUJCKUM IIYTEM

B. BAJTAH]] u M. BEJIMHO-JIYKATEJH
ITpupodno-matematTuuxu @axyarer, Beozpad

IIpennaxke ce mpocra M 6p3a KuMHeTMYKa MeToja 3a oapebuBame DDVP
(0,0 mmernn 2,2 auxiaop-BuHmi-docdara) y BoaeHOM pacTBopy. Perucrpyje
ce MpoMeHa NPOBOAJLMBOCTM ¥ TOKY BpeMeHa M u3 no6uBeHe KpuBe M3pady-
HaBa Ce moYeTHa KOHIleHTpauuja DDVP y pacrBopy. McnutuBaH je yTuiiaj
rTemnepatype, 6a3HocTHM pacTBOpa M KOHUeHTpauuje DDVP Ha o6iamMk KpuBe.
IToka3ano ce na ce Haj6osbM pe3ysaraT ao6uBajy Kaja ce y3MMa CTOCTPYKM
pummiak NaOH y oanocy Ha DDVP. Bpeme norpe6HO 3a m3Bobeme aHaamuse
je oko 20 mmuHyTa. OnpebuBaHe cy KoHUeHTpaumje pacrBopa ao 0,3 mg/ml ca
rpeiukoM mo 5%.
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I—13.

EJIEKTPOXEMMUJCKHU ITPOIIECH HA PABHOJ U KAIIJBYROJ
2KUBUHOJ EJEKTPOAM Y CUCTEMMMA JOH METAJIA —
ACKOPBMHCKA KHUCEJIMHA

M. IIVIIUA # Jb. PAJKOBUER

dusuuxoresmujcxu 3a800 — IIpupodnomarexatTuuxu Paxyarer
v Beozpady u HUucruryr 3a Xemujcxa, Texnoaowxa u MeTasrypuixa
HUcrpaaxcusarwa y Beozpady

MeroaoM mnonaporpadmje M XPpOHOMOTEHLMOMETPMje MCIUTHUBAHM Cy Me-
XaHM3MM eJIEKTPOAHMX peaKLMja y cucTeMuMma jOH MeTala-acKopOMHCKa Kice-
JMHA Npu peAyYKLMjU MeTajla Ha PaBHOj M Karubyhoj JXMBMHOj e€JIeKTPOAM.

VicnMraHa je peBep3uGMIHOCT, OAHOCHO CTENeH MpeBep3ubMIHOCTH eJyeK-
TPOAHMX peaKUuja MPeKo KapaKTEePMCTUMYHOr ImapaMmeTrpa @, M ofapebeHa je
KOHCTaHTa Op3uHe xereporeHor mnpoueca k°.

ITonaporpacdbcka Mepewa Cy, Y NMOjeAMHMM cCJiydajeBuMMa, INoOKa3aja yue-
mwhe opraHckor JguraHaa u OH-rpyne y eJeKTPOAHOj peakuuju.

XPpOHOMMOTEHIIMOMETPUJCKMM MepeHeM je YTBpPheHo nocTojalme AMPEKTHe
peayximje KoMmruliekca 6e3 npeTrxopHe aMcouMjalmje, 4akK M y CaydajeBuma
Kajfla KOHCTAaHTa CTabMJIHOCTM KOMIJIEKCA MMa peJIaATMBHO HMUCKY BPERHOCT.

Onpebene cy Gp3mHe aucoumjaumje M acoumjaumje KoMIiekca, aeGibuHa
PpeaKkIpMoHOr cyoja M audys3nonu kKoedpuimjeHTH joHA.

I—14.
OIPEBUBAIGE TUTAHA ¥ PACTBOPMMA XUJIPOXMHOHA

G. EL INANI » C. BECEJIMHOBHUR

ITpupoono-uarexatTunxu gaxyarer, Beozpad u MHCTUTYT 3a xemujcxa,
TeTHOA0WKA U METANYDWIKA UCTpadcusarwa, Beozpad

Turan Moxke aa ce oapebyje nosaporpacdcKku y pacTBOpUMa XUAPOXMHOHA
xoju caapwke 0,1 M H:SO« Ilosaporpacdcka M creKTpodOoTOMETPMjcKa MCIM-
THBamba NoKa3aJjla Cy Aa TMTAaH ca XMAPOXMHOHOM faje BHMille BpCTa KOMILJIEKca.
Job-oBoM MeTosOM yTBpheHo je mocrojame Kommniekca ca oxHocoM Ti: H:Q =
= 1:1, 1:2 n 2:1. ITonaporpachckoM MeTOAOM oxpeheH je OAHOC KOHCTAHTH
cTaGMNMHOCTH NPBOr M APYror KOMILIEKca NpeMa oArosapajyhuM KoMmiaekcuma
TPOBaJIEHTHOr THTaHa, 5,75.102 n 1,8.103.
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I—15.
IIOJIJAPOTPA®CKO IIOHAITAKLE BEPWINJYMA

M. JOBAHOBHMEA u# B. PEKAJINRA
Texnoaowxo-ueraaypwxu ghaxyater, Beozpad

McmuraHo je mosaporpadcko noHamame Gepmamjym-jona 6e3 u y npu-
CYCTBY OKCaaMJI-AuMXuApa3uzga. Kao OCHOBHM eJEeRTPOIMTHM YHOTpeO/beHM Cy
KaJMjyM-XJIOPUA, JUTUjYM-XJOPUA MIM TETPaeTMIIaMOHMjyM-joxmm.

Bepuanjym npaje nmpu pH 4,0 10 4,2 y KaauMjyM Miau JUTHjyM-XJIOPHAY,
ABOCTPYKM Tajlac ca IOJIyTaJaCHMM MNOoTeHuMjaamMma oko -1,7 u -1,9 V npema
3.K.E. BucuHa oBor Tajaca je NpONOpUMOHAJHa KOHLEHTpauuju Gepuamjym-
-joHa. ¥ rerpaeTmia-aMoHMjyM-joguay npu uctoM pH, Gepuaujym naje jemam
Tanac, 4YMju je noayrasacHuM noreHumjaa oko -1,8 V npema 3.K.E. IIpn pH
ucriog 4, OBUM TaNacMMa IIPETXORAU BOAOHMKOB TaJyac.

OKcanaun-gMXuApas’ua naje y npucyctBy Gepmimnjym-jora npu pH 4,0 no
4,2 nBa Tajaca, pM 4YeMy je BHMCMHA MPBOr Tajaca IPONOPLMOHAJIHA KOHIIEeH=-
Tpaumin Gepmumjym-jona. IlonmyranacHu mnoreHumjan msHocu -145 o -1,60 V
npema 3.K.E., 3aBMCHO OA OCHOBHOT €JIEKTPOJIMTA.

1—16.

I[TPUMEHA HEMHEPTHHUX EJIEKTPOIHUX TIAPOBA 3A
OIPEBUBAIBE OPTAHCKUX BA3A UM KHUCEJIMHA
Y HEBOJAEHMM PACTBOPUMA

M. JOBAHOBWTA, F. F. GAAL i JI. BJEJIUIIA

TernoAowKo-MeTarypwxu gaxyarer, Beozpad u ITpupoOrO-MATEMATURKU
paxyarer, Hosu Cad

MoHo M mnoaukapGoHCKe KuceauHe cy oapebuBaHe nNojeAMHaYHO M ¥y
cmemwn y pacrBapauy 6eH3os-meraHosa (3 :1) THMTpauMjoM METaHOJNHMM pPacCTBO-
POM KanujyM-XMAPOKCHMAA ITPMMEHOM I[I0JapU30BaHMX M HENOJapM30BaHMX MH-
IMKaTOPCKMX TmapoBa Ou3MyT-6M3MyT M aHTMMOH-aHTMMOH OgxpebuBaHe cy
KonmumHe of 13,5 mo 25,0 mg KuceamHa ca INPOCEYHMM OACTYNAaH-€M MarbyM
oz 0,6%.

Takobhe cy npMMEHOM WHCTMX MeToja oxapebMBaHM TepuMjapHM aMMHM
M COJM OPraHCKMX KMCEeJIMHA y aHXMAPHUAY cupheTHe KuceJiMHe Koja Cagpxkyu
5% cupherne kuceamue, Turpaumjom ca 0,1 N HClO« y cupheTHoj KuCenMHM.
Onpebusane cy KoamumHe ox 13,5 Ao 40,2 mg 6a3a ca IMPOCEYHMM ORCTYTAMEM
mamym ox 0,3%. ’

Pesyaratu no6useHu Ha oBaj HauuH BpJaOo no6po ce ciaxky ca pe3ynara-
THMa, KOjU Ccy ROOMBEHM NOTEHLMOMETPMjCKOM ¥ KAaTaJIUTUYKOM TEPMOMETpHj-
CKOM THTpauMjoM, Kao U GuaMrmepoMeTrpujcKoM TUTpaumjoM y3 ynorpeSy monaa-
PM30BaHMX aHTMMOHOBMX eJIeKTposaa mo Bajranay m Ilacropy.
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I—17

TAJIO2KHO TUTPMMETPUJCKO OJPEBUBAIGE CYJIPATA
ITIPMMEHOM MHIMKATOPCKOI' CUCTEMA BHU3MYTOBUX
EJIEKTPOJIA

M. C. JOBAHOBUWA, F. F. GAAL x J. J. BJEJIMIOA

IIpupodno-maresmarunwxu @axyarer, Hosu Cad u TeXrHOAOWKO-METAAYDWKU
¢gaxyarer, Beozpad

Baudisch 1 capagumMuy onmcanyu cy TajloxXHO oapebuBame cyadara Th--
TpagujoM ca cMecoM 6apujyM ¥ OJI0BO HMTpaTra NpM 4YeMy Yy 3aBpIUIHO] Ta4KH,
HeyTpajlaH PacTBOpP MNocraje Kuceauju 3a HerRonmko pH jemmnmia. OBane je 3a
oApebuBame 3aBpmIHe TayKe THUTPaLMje NpuMemeH Ham Beh paHuje ommcan
MHAMKATOPCKM CHUCTEM IMoJIapu30BaHUX 6M3MyTOBMX eseKkTpoaa. Cucrem je mo-
Ka3ao AOBOJbHY OCETJPMBOCT Jla Yy 3aBPIUHO] TaykKM noxame uHQIEKCHjy Ha
TUTPaMOHOj KpMBOj a 360r cBoje HMCKe I[eHEe M MEeXaHMYKe OTIOPHOCTM Ha--
pouMTOo je mnorozaH 3a pPyTMHCKe aHasm3e. Jlo6ujeHn pe3yaraT Cy y IOTIYHOJ:
CaryJlacCHOCTM ca pe3yaTaTMMa A0GMjeHMM ITOTeHUMOMETPHMJCKOM THTPALjoM.

I—18.

HOBA MHJIMPEKTHA OJIPEBUBAIbA XJIOPHUIA
XNIPOKCUIIAMMHA

B. BYYYPOBHEA 1 M. C. JOBAHOBMR
Te:cuoaoﬂoco-ma/mpw’cu Paxyarer, Beozpad

ToroM paHMje CAOMIITEeHMX MCIIMTMBARKA pa3paguiIM CMO MHAWDEKTHE:
Meroze oapebuBamba CONM XMAPORCMIAMMHA, 6a3upane Ha HEYTPaIUM3AUMOHO}
THTPAMj IIPOTOHA HMUXOBe COHe KOMIIOHeHTe. ToM npuauroM OMIM CY OmM-
CaHM OOCTYIIM KJIACMYHOr M KYJOMETPMCKOr A03Mpara THMTPaHTa y3 IOTeH-
IMoOMeTPMjCcKO, OMaMIIepoMeTpMjCKO M KOHAYKTOMETPMJCKO oapebuBame 3aBp-
ume rayke. OBora myTta, oBaj je nmpoToH oxpebMBaH INPUMEHOM MHAMKATOPCKOT™
cHcTEMa HenoJapM30BaHMX OM3MYTOBMX €JIeKTPOAA M OCHMJIOMETPMjCKOM TH-
rpampjom. Ilopea Tora, aHjOHCKa KOMIIOHEHTa coau oxpebyuBaHa je apreHTO-
MEeTPUjCKOM THUTPaUMjOM TIPHMMEHOM IIOTEHIIMOMETPMjCKe, aMmnepomerpujcxe,.
KOHAYKTOMETPHMjCKE M OCLMJIOMETPUjCKe TEeXHMKe, IIPM dYeMy Cy MOCTUTHYTH:
Bpao A06pu pe3yJiTaTu.
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I-19.

IIPUMEHA JIEIIOJAPU3AIIMOHE METOJE 3ABPIIHE
TAYKE 3A OJPEBUBAIGE XJIOPUJA U JOAUIA Y CMECHU

M. IPATOJEBME 1 M. JOBAHOBHUR
Texnoaowko-Merasypwuxu Ppaxyarer, Beozpad

JlenonapM3anMoHa MeTOAa 3aBpIIHe Tauyke, pa3pabeHa ox Hac jomr pa-
HHje, YCIIELIHO je MpuMeHmeHa y3 ynorpefy nJjaTMHe Kao MHAMKATOPCKE eJieK-
“TpOREe 3a apreHTOMETPMjCKO oapebusame cMece jommuma wu xuaopupa. Jla Gu
NJAaTMHCKA eJIeKTpoja Omjia oceT/bMBa Ha IPOMEHe KOHLEHTpauuje joHa
cpebpa, nmorpeGHO je na Gyme KaToOHO npe-TpeTMpaHa IPETXOXHOM eJIEKTPO-
au3oM y cymnopHoj KuceaumHu. ITouiro ce EMC cnpera naarnHa/3KE u3ba-
JlaHcupa npe Turpaumje cnosbHoM EMC, joama ce TuTpyje Ao mnojase mnpBoOr
crpyjHor ckoka. ITocsae oBora, EMC oBa aBa cnpera ce NOHOBO M36aJslaHCHMpajy
MU caja XJopMJ TUTPYyJe A0 IOHOBHOr CTPYjHOr cKoka. Pe3yatatu nobujenn
KaKO TUTPALMjOM Yy BOAEHOM, TaKO M Y AaLIETOHCKOM pPacTBOPY Y CarJacHOCTM
Cy ca MOTeHLMOMETPHjCKOM METOROM.

I—20.

IIPUMEHA WHIUKATOPCKOI CUCTEMA HEIIOJIAPU30BA-
HUX TINIATMHCKHUX EJEKTPOJOA KOJ PEIOKC
TUTPAIIMJA

M. C. JOBAHOBHER, M. IPATOJEBUR 1 B. BYYUYPOBUR
Texnonrowxo-serarypwuxu gaxyarer, Beozpad

IIpemMa auTepaTypHMM MNOAALMMA, AaHOAHO INOJApM3OBaHA MNJAaTMHA Ipe-
‘Bnaum ce couamom oxroBapajyher okcuaa. Hama je maeja 6una xa osako mpe-
-TPETUPaHyY IUIaTMHY BEXKEMO NpPEeKO OCeT/LMBOr rajiBaHOMeTpa Ca KaTOLHO
npe-TpeTUPaHOM IJIATMHOM M OBaj raJIBAHCKM CIIper NMPMMEHMMO Kao MHAMKa-
“TOPCKM cucTeM. JMcnuTBama Cy MoKasaja Ja OBaKaB CMCTEM IOKa3yje elek-
‘TPOMOTOPHY AaKTMBHOCT Y pPacTBODY MpEBEPCHOTr CHCTEMAa, JOK AaKTHMBHOCTU
crnpera HeMa y pPacTBOPY peBepcHor cucrema. Ilopes Tora, KpaTKOTpajHa eJieK-
TPOMOTOPHa aKTMBHOCT CIIpera NnoKa3uBaJia Cé M Y MOMEHTy, Kafia je jemaH
PEBEpCHM CHCTEM 3aMereH APYTMM KOju MMa I[O3MTMBHMjy BPERHOCT DEROKC
noreHuMjasa. Ha oBaj HaumH, Ha OCHOBY HaCTaHKa MJIM INPECcTaHKa CTpyje
Yy 3aBpLIHOj Ta4yKM THTpoBaH je jox TuocyndaTtom u obpaTHO, a mopex Tora
©OApebuBaHe Cy ¥ CONMM XMAPOKCMJIAMMHA.
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1-21.

KYJIOMETPUJCKA TUTPAIIMJA CMECE AJIMPATUYHUX
N APOMATUYHUX AMUHA Y AIETOHUTPUIY

B. BAJTAH]J, P. MUXAJJIOBHER 1 M. PAKOYEBUR

ITpupodno-satemaTuuxu ¢dpaxyarer, Beozpad
Pusozocxu gPaxyarer, ITpuwruna

Kopucrehu ce aucgepenumpajyhum csojcTBoM aneToHuMTpuia, oapeheHa
je KyJoMeTpMjCKOM THUTPauMjoM cMeca anugaTHYHOr M apOMAaTUMYHOr aMMHA
y uctroj npobu. IIpe Kynomerpujcke TuTpaumje ammHa notpebHO je M3BpPIUMTHU
NPeTXOAHY TUTPAaLMjy OCHOBHOr eJeKTpoaura (caena npoba) y NpPUCYCTBY
eo3uHa, TMTPYjyhu ra a0 MomeHTa Kaja ce Haj6pike Mema ancopbaHuuja pa-
cTBOpa. 3aTMM ce MO AOJATKY cMece THUTPyje anmdaTMyHM aMMH A0 MCTe Npo-
meHe Goje; mocje aojaTKa KPUCTAJIBMOJETa MCTOM pPacTBOPY, HacTaB/ba ce
KyJioMeTpujcKa Turpaumja u ogpehyje ce apoMaTM4HM aMMH.

OapebuBaHe cy KoJauuMHe O HEKOJMKO Mg cyncraHue. I'peuike He npe-
na3e 1% 1o KOMMOHEHTY.

Moryhe cy KynoMerpujcKe THUTpauMje M TPOKOMIIOHEHTHMX cCMucCTeMa (HIp.
TpueTnaMmH + OGyTunammH + aHMAMH), KOjU cajpiKe NPMUMapHEe WAM CEeKyH-
AapHe aMuHe. Y TOM cjay4ajy ce y 3ace6Hoj mpobu M3BpuIM aleTMIOBame Npu-
MapHOr MJIM CEKYHAAPHOr aMMHAa M MOTOM BpPIUM KYJIOMETPMjCKa THUTpaLMja,
a y Apyroj mpobu mocTyna ce Ha rope onMcaHy HaumH. ['pelka 1o KOMIIOHEHTH
He npenasu 1 a0 1,5%.

1—22.

NNPUMEHA JTUPEPEHIIMJAJTHUX TEXHUKA
Y KATAJIUTUYKO TEPMOMETPUJCKUM TUTPAIIMJAMA

B. BAJTAHJ u F. F. GAAL

ITpupodno-saTenaTunxu paxyarer, Ynusepsurer y Beozpady, ITpupoono-
-maremaTuuxy paxyarer, Ynusepsurer y Hosox Cady u Mucruryr
3a TeMujy, Texnoaoujy u Mmeraaypaujy, Beozpad

IIpumeHoM AaudepeHIMjalHE TEPMOMETPMjCKE TEeXHMKE KaTaJIMTUYKe Tep-
MOMETPMjCKe TUTpauMje cy 3HaTHO ynpoutheHe. Beawka oceT/bMBOCT oapebmu-
Bama 3aBpINHEe TayKe TUTPaLMje KaTaJUTUYKO TEPMOMETPMjCKMM IyTeM OMO-
ryhuna je TuTpaumje ca KyJOMETPMjCKMM reHepucamheM TUTPALMOHOI CpeACTBA.
HaroH pa3page Ky/noMeTpujcKMX aumuo-6a3HuMx KaTaJUTUYKMX TepMOMeTpHj-
CKMX THUTpalMja Yy HEeBOAEHMM CpeaMHaMa Ca IeHepucaweM TUTPALIMOHOr cpejn-
CTBa y CaMOM TMTPOBAaHOM pacTBOpPy pa3pabeHe cy HOBe KaTaJIUTMUKE TEpMO-
MeTpujcke THMTpauMje — aumpo-6a3He y HEBOJEHMM cCpefMHaMa M TajlOXHe
THTPaLMje y BOJEHMM CpeAMHaMa — Ca Cl0J/ba TeHepHCaHUM TUTPALMOHUM
CPEeACTBOM.
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Y oBOoM paAy Cy omcaHe HOBe KaTajJMTHMVKE MHAMKATODCKE peaKipfje 3a
onpebuBame 6a3a y anXMAPUAY cupheTHe KucelauHe, 3aTMM oppebusame cpebpa
U KHuBe ca KYJOMeTPHjCKM reHepMcaHMM joAMAMMa, KAO M Halum HajHOBMjM pe-
3yJTaTH MCTpPaXuBama y 0Boj obaacTi.

1—-23.

OIPEBUBAIBE XKUBE KATAJUTUYKO IOTEHUUOMETPMUJ-
CKOM THUTPAIINJOM

B. BAJTAH]/l v . CTOJAHOBHMER

IIpupodno-maremaruuxu @axyarer, Beozpad, MHCTUTYT 34 npuseny
AYyKaeapHe enepiuje y nobONpuspedu, 8eTEPUNAPCTEY U WYMADCTBY
(MHEII), 3exyn

3a onpebuBame Hg'+ ropumhena je pearuuja msmeby xamujym-jommma
M BOAOHMK MEPOKCHJA Y KHMCEeJIOj CpeAuHM, Koja ce KaTammiyje Yy NPHMCYCTBY
MMKDOKOJIMYMHA MOanbnena.

Kana ce pacrBop Koju caapxu Hg't murpyje xammjym jommmom mpume-
BbYjyhu Kiacu4yHy NOTEHLMOMETPMJCKY THUTPaLMjy, MOTEHIMjar omaga y TOKY
1ese TUTpalmMje, a Hajjaye y 3aBpIUHOj TUTPALMOHOj TAYKM.

MebyTum, axo ce Kucenm pacrBop Hg!+ (KoMe ce mpeTXOmHO Ropja BOAO-
HUK nepoKcup u Moamnbaat) TMTpyje KaaujyM jommaoM, oHga Yy TOKY TuTpammje
noreHuMjaJ JlaraHo omaja A0 3aBpIUHE TUTPALMOHe TadKe, a 3aTMM Harlo
pacre. ITopacT moreHiMjaja M3HOCHM M mpeko 100 mV.

OnpebuBane cy KosmumHe on 20 mo 60 mg kuse. TawyHOCT NpexnJyoXKeHe
MeToAe jefHaKa je Ta4YHOCTU AOOGMBEHOj MOTEHLMOMETPMjCKOM THUTPamMjoM.

I—24.

MHTEP®EPOMETPUJCKO M KOHIYKTOMETPUJCKO
OIPEBUMBAILE HEKUX CMECA KMHETUYKOM METOJIOM

B. BAJTAHZ u T. TOXIOPOBCKHM

MIpupodno-maresmatuuxu gaxyarer, Beozpad, MHCTUTYT 3a XeMujcxa,
TeXHOA0WKA U METAAYPWIKA UCTPaxcusarwa, Beozpad
u Texnoaowxu ¢paxyarer, Cxonje

UnrepdepoMeTpujCKMM NyTeM MoXe ce npatutu 6p3mHa xeMujcKe peak-
umnje 6uMHapHMX cMeca M IPMMEHOM oarosapajyhux meroama obpane no6yuBeHmx
noxaTakKa OfPeAUTH HMUXOB cacTaB. Y OBOM pany npaheHa je Gp3amuHa peakuuje
aHXMAPUAA cupheTHe, ONH. ITPOMMOHCKE KMUCENMHE M HMXOBUX CMEca ca BOXOM
Ha TemnepaTtypyu ox 61,0 + 0,1°C. Ajpantammjom RuBere mMHTepdepomerpa buio
je omoryheHo MHTEH3MBHO Mellame PACTBOPA INIPU MCTOBPEMEHOM XepMeTHd-
HOM 3aTBapamy MCIIMTHMBAHOI CHUCTEMa. '
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Pamn ynopebera, pa3paamim CMO ¥ KOHAYKTOMETPMjCKY METOAY 3a uMCTe
CyTCcTaHIle M HBMUXOBe cMece, Bpmiehu Mepewa npu ucToj TeMmmeparypu. IIpu
CBMM MCIIMTHMBAH-MMa IOYEeTHAa KOHIIEHTpammMja aHXMAPMAA y pacTBopy Omia
je 10—M.

HnurepdepoMeTpnjCKOM TEeXHMKOM CaCTaB CMece ce MOXe OApeauTH ca
NTPpOCEYHOM rpemKoM ox - 3,5% (amc.), a KOHAYKTOMETPUjCKOM TEXHMKOM
=+ 3,6%.

OnpebuBame cMmece KeTOHa INPEKO peaKnuje ¢ XMIAPOKCHMIAMMHXJIOPXMU-
ApaToM MHTepdEepOMeTPHjCKOM TEXHMKOM MOXKe ce BPUIMTHM Yy CMecaMma ojpe-
bemx cacraBa, a KOHAYKTOMETPMjCKOM TEXHMKOM NPy CBMM ofHocuMa. Tako
cMeca anerodeHOHA M u300yTMIMeTHIKeToHa onpeheHa je Ha 22,0°C y cmecama
Koje caapxe 30 mo 70°% aierodeHOHA C IMPOCEYHOM TIPEILUROM Of =+ 1,4%.

I—-25.

MHTEPOLEPOMETPUJCKO-BOJIYMETPUJCKO
OIPEBUBAIBE YTIJBEH-IVMOKCHUIA

T. TOAOPOBCKHY, Jb. KEIIKAPOBCKA, JI. IIOOTPAJAHOBA
u M. CIIMPEBCKA

Texnoaowxo-seTasypuku ¢paxyarer, Cxonje

HUnrepdepoMerpujcko-Bonymerpujcko oapebmsame COs: 3acHMBa ce Ha
HEroBOM yYBObhemy y cTapaapaum pactBop Ba/OH/:, Koju ce y3uMa y BMIUKY,
¥ Ha THTpanujM ByuKa 6ase cTaHAApPAHMM pPAcCTBOPOM COHE KUCEJIMHE.

JlabopaTopujcku wmHTepchepomerap Tpeba IpeTxogHO Aa ce ajganTMpa 3a
u3Bohewe THUTpauyja nNpeMa OmMcy AATOM Y 4WIaHKY ,JIHTepcdepomerpujcke Ta-
JoxHe Trrpaumje* (I1acHMK xeM. ApyluTBa Beorpasn, 34, 261 (1969)). Turpanuje
cy m3BoheHe mu3BaH KuBere MHTepdepoMerpa y Ccyay Koju je 3amrrmuheH oxn
ar™mocdepcror CO:. PacTBop ¥y KuBetu je 6mMo TepmocraTmpaH Ha 22,0 = 0,1°C.
3a ynopebeme je ymorpebimen pacrBop NaCl nmpuSammHO MCTOr MHAEKca Ipe-
JlaMama Kao ¥ MCIIMTHMBaHM pacTBop. Iloctynak je 6mo paspabeH Ha mpympem-
JbeHMM BeNmITaYKuM cMecaMa Koje cy caapmxasane 0,7 mo 9,5 vol*/e CO: mome-
maHe a3oroM. I'ac je yBemen y 0,08 N pacrBop Ba/OH/:, a BMILIaK TMTOBaH
0,3 N coHoM KucemmuHoM. Harpabemn tasnor BaCOs Huje cmerao, jep je 6mo
OACTPalm€H M3 aJMKBOTa NPMIMEOM YBobema y KuBery uHTepdepomerpa. Ilo-
croju MoryhsHoct u oxpebuBama CO: ucrniog 0,7 vol®e, KojoM nmpuamrom Ttpeba
ynorpebuti pacTBOope Koju cy 3 nyra pasbraxeHuju, a TUTpauMja ce MOXKe
M3BOAMTHU AMPEKTHO Y KMBeTHM MHTepdepoMerpa.

Ho6uBeHe pesyJTaTe YNOPEAMIM CMO C BpeaHocTMMa aoGusBeHuM 6e3 Ti-
Tpauuje, AMPEKTHMM wuHTepdepomerpnjckuM oapebuBameM MHAEKca mnpena-
Mama 3a HaBejieHe cMece. Pa3nuke m3Hoce y npoceky 0,1 %anc. Meroga ozxpe-
buBama Ha 6a3u xKamubGpaumoHe Kpuse (6e3 Turpauuje) je 6pka, aau 3axreBa
TIPEeLM3HO NpPUMpPEMalme racHUX CMeca, ILUTO M3UCKYje AocTa BpeMeHa; npex-
JIe)XHa TUTPallMOHa MeTOAa je mpocTuja, jep ce mpuMewyjy CTaHAapAHM pa-
CTBOPM KOju Ce JIaKO npumpemajy, a turpaumja je 6p3a m Tayna. Ocum Tora,
OHa je M ceseKTMBHM]a, jep npu oapebuBamy CO: npero KanubpalpoHe KpuBe
€BeHTYaJIHO NPUCYTHM JAPYrM racoBM 3HATHO YTMYY Ha Ta4HOCT, JOK Cy OHM
KOA NpefJioXeHe MeToje IpaKTU4HO 6e3 yTmuaja.
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1—26.

AHAJIUTUYKA KOHTPOJIA CUHTE3E IIMPUAOKCUHA
(BUTAMMHA Bs)

J. LIPTAK un ULLRICH E.
Hcrpaxusauxu Mucrutyr 3a Papaayuyrexy remujy, Budapest

Paspabene cy HoBe MeTtose M Kom6GuHOBaHe Cy ca nocrojehuM MeToaama
Y UWbY KOHTDOJIe NPOM3BOAH€ NMUPUAOKCHHA.

ITocne npsor cTynmwa cuHTe3e, MeTOKcuaueratr je 6uo ompebeH racHom
xpomarorpacdujoM y mpucycTBy MeTua-XxJjopauerarta. Liukausaumjom ce nobmma
2-MeTnN-4-MeTOKCMMeTUA-5-11njaHONMPMAOH-6, Koju je 6uo uaeHTHdMKOBaH
TaHKOCN0jHOM Xxpomartorpacdujom u oapeben chayopecueHTHoM Metogom y UV
obnactu. 3atum ce mOGMBEHM NPOM3BOA HMTPYje M HMTPOAepPMBAT oxpebyje
nonaporpacdckum nyrem y H:SOs. McnutueaHo je nonaporpadcko NoHamame
jeaumera Kao M yTHIaju Pa3sHMX CYNCTMTYEHaTa Koju MHXuGUpajy pPeayKumjy.
XuaporeHuM3aumMjoM HMTPOAEPMBATaA Ce NPU CUHTE3M AOGMBA aAMMHOMETMJIEpH-
BaT, aJK Ce Kao CropefHM MpoH3BOA cTBapa M HUTPMA. OaHoc o6a jemmmberba
olpebeH je HMTPMTOMETDMjCKOM TMTpaLUMjoOM ca MOTEeHUMOMETPUJCKOM MHAMKA-
L}joM 3aBplUHe TUTpauuoHe Tayke. ITocne npeBobemwa Ao6GMBEHOr aMMHA y am-
XUAPOKCIfeTapCKM NPOU3BOJA, OBaj ce KOHAeH3yje ca 2,6-AMXJOPXMHOHXJIODM-
MuaoM u oapehyje cnekrpodporomerpujckmu Ha 650 nm.

OxnpebuBalbe KOHa4yHOr MpoM3Boja (NMMPUMAOKCHMHA) OOMYHO ce BpLUM TH-
TpauujoM y raaumjanHoj cupheTHoOj KuUCeJIMHHM, MEPXJOPHOM KuceauHoM. Me-
bytum, aa 6u ce usberse cmeTH€ 0J NPeTXOAHMX MNpoL3BOJa, pa3pabeHa je
HOBa, CENMEeKTHMBHA METOAA, KOja ce 3acHHBA Ha oapebuBumy cinoboaHe XUAPOK-
CHJIHEe TpyIe; OBO je MOCTMTHYTO KOMIUJIEKCHPAaWeM M:ipi 'uKCciHa Ha pH 7 y 6o-
paTHOM nydepy u MepeweMm abcopbaHumje GopaTHOr ioMrIeKca.

TTowTo AMXMAPOKCHMETApPCKU MebylpoM3BOoJ uMMa aHTiii3liTAMMHCKO AejCTBO,
norpeGHO je KOHTPOJMCUTH XEeMMJCKY M (papMaLeyTCKy 'icTohy Kpajmer npou-
3Boaa. OaBajambe je BpPLUIEHO TAaHKOCJOJHOM XpomaTtorpadbiijoM, a jenureisa Cy
JoKa3laHa 2,6-aMXJ0pXMHOH-XJOPUMUIOM.

1—217.

OIPEBUBAIGE YIJBEHUKA UM BOIOHUMKA Y OPTAHCKHUM
CYIICTAHIUAMA KOJE CAIPZKE @JIVOP. 11

M. TOHKOBHER » 1II. MECAPUR
HUncturyr ,,Pybep Bowxosuh”, 3azpeb

McnutuBaHo je 3aspikaBame hayopa u cuanumyMm terpadayopuaa Koju
cMeTajy rpaBMMETPMjCKOM MMKpoojapebuBamy yYribeHMKa M BOAOHMKA Yy CMo-
jeBuMa Koju cagpxke dayop.

Pe3ynrat¥ ucTpaxKmpBama IM0Ka3yjy aa MoJjekyviacka cura (Na-Al-cuamn-
KaTy) BenuuuHe mopa 3 U 5 A M anyMMHMYM TPMOKCMA pa3HoOr nopujekna
KBaHTHTaTMBHO 3a/pXKaBajy CBe NPOAYKTe Mupoau3e Koju caapxke diayop.
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Kao karanmsatop okcupaumje ynorpe6ibeH je IPOAYKT TePMUYKOr pa-
cnaga cpeGpHor nepMmaHraHata. OapebeHy cy KanmauMTeT¥ M ONTHMMAJHE TeM-—
nepatype Be3alma (DIYOPMAHMX CroOjeBa.

—28.

KBAHTUTATUBHO OPEBMBAIBLE FesO« ¥ IIAPA U IMAMAT-
HETUYHUM MATEPUJAJIMMA — MATHETCKOM BAT'OM

A. MAPKOTWR

Texnoaowxu gaxyarer Cseyuuauwra y 3azpeby, Meraaypwxu odjea, Cucax

3a KBAaHTUTAaTMBHO ojpebuBame MarHeTuMra y cmjecu ca mapa M amuamMar-
HeTUMYHMM TBapyuMa, MCKOPHUIUTEHAa je creumMdpMyHa HaMarHeTM3upaHOCT 3acu-
hewa MarHeTmra Ts, KOja He OBMCM Of CTPYKTYPHMX ¢baKTOopa M HajNa3u ce
'y ynpaBHOj Be3u ca TEXKMHCKOM KoHLeHTpauujoM FesOa.

OxpebnBame HaMarHeTM3IUMPaHOCTHM, a 3aTUM KoHuUeHTpauuje FesOs, y Ko-
Ha4YyHOM pauyyHy, CBeJleHO je Ha Mjeperne cuje NpuBJIaYeHa cMjece y Hexo-
MOT€HOM MAarHeTCKOM IOJbY — TEXMHCKOM MEeTOJOM.

W3 Tor pa3rnora, 3a ory MeTony oapebuBama KoHL. FesOs, Koja ce 3ampaBe
CBOAM Ha Mjepeme Cuie NpMBJayeHa Y30pPKa y MarHeTcKoM mnosby, obpasyje
ce HeXOMOreHO MAarHeTCKO IoJbe.

CBa oppebmBama Koja CMO IIOMEHyNM, BpIlle ce Ha aHaJIUTUYKOj Baru,
KOja je 3a OBY CBpPXY HeEIUTO MOAUMMIMPAHA.

Merona oapebmBama FesOs MarHeTcKoM BaroM y cMjecu cy mapa M aua-
MarHeTM4YHMM TBapyuMma, CJIyXKuja je y HalMMm NnoKycuMa 3a oapebuBama KOH-
uenrpauuje FesOs y cuurepuma. Kako je FesOs y uBpcToj KopenaumoHOj Besu
ca FeO, omoryheHo je mnpahemwe MexaHMuKux ocobuHa cunTepa (uBpcroha).

IIpeaHocT MeToae, NPCA XEeMMjCKOM aHaJM30M, Orjiea ceé y TOMe, LUTO KOX
oapebuBalka MarHeTMTa BaroM, He CMeTa HaM MPMCYTHOCT HEKMX IKeJbe3HUX
criojeBa (fajalit, spinel uan wiustit).

1—29.

KEMUJCKO U BUOJIOLIKO UCTPAXKUBAILE TAJIOTA
M BOJE IIO ASTM-y NPUMEHKEHO IIPUJIMKOM
YTBPBUBAKA CTYIIFbA ATPECUBHOCTHU
WJIN IWTETHOCTU

B. TABMBOJIA, L. PUTZ m B. CTUIMHOBUR

Texnoaowxu haxyarer u ITpupodoCco0BHO-MATEMATUNKU DAKYATET,
Ceeyvuauwra y 3azpeby

¥V oBoM paay npmka3saHa je yriaBHOM omheHuTa cxemMa KeMUjCKuX M 6mo-
JOLIKMX MCTpaxkuBama nNo ASTM-y y cay4yajy kKaga je notrpeGHO OxpeauTit
Y3POK M BeJIMYMHY arPeCMBHOCTHM MJIM LUTETHOCTM BOJAEHMX OTONMHA M HacJara.
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HaHe cy neduHinMje 3a Hacjare CTBOPeHe Y BOAM MNIM HAHECEHMX BONOM, Koje
ce nojaBmyjy y o6MMKy BbYLUITYPa, MYJba, KOPO3MOHMX NMPOAYKaTa Mnu G3OJIO—-
MIKMX HaCJara.

Tabesnapau npurasy obyxsahajy moaaTke o CTBapamy Tajora npyM pa-
3HMM TeMIEePaTYPHMM M JPYTMM yBjeTMMa, cXxeMe aHaJu3e Tajora, norpeGHe
BOJYMEHe y3opaKa Boje 3a NnojeauHe BpcTe oapebuBama, MOCTYyNaK IpyM MAEH-
uduxaipdyu GaxrTepuja ¥ OCTAAMX MMKPOOPraHM3aMa.

¥ 3aBpmeTKy paza je xoMmmapammja INIaBHMX [OJba M rPaHMYHA NpUMjeHa
fnojepMEMX MeToAa.



. HEOPTAHCKA, OPTAHCKA H BHOXEMMHJA

II—1.

CUHTE3A U OIPEBUBAILE KOHOUTYPAIIMIE trans(NOs)-
-cis(N)-, trans(NO2)-trans(N) u cis(NO2)-cis(N)-M30MEPA
IVHUTPO-BIS(AMMHO-ALIMIATO)-
-KOBAJITAT(III)-JOHOBA

M. B. BEJIAIL, C. M. HEIIIMAR, M. J. MAJIMHAP, T. J. JAIbUB
n II. H. PAIMBOJIIIA

ITpupodno-axarexaTuuxu dpaxyarer, Beozpad u MHCTUTYT 3a xemujcxa,
TeXHOAOWKE U MEeTAAYPpULKa UCTpaxcusara, Beozpad

¥V nammm paHuje o6jaB/beHMM pajoOBMMa OmMCaJM cMO JobyuBame M ucnu-
TuBame KoHdurypauuje cis(NO:)-trans(N)-m3omepa AMHNTPO-GuC-(aMUMHO-aLM-
naro)-gobanrar(IIl)-komnuekca. HacraBibajyhm oBa MCIIMTMBaK.a IOLUJIO HaM
je 3a pyKoM fa AejcTBOM ojroBapajyhe aMMHO-KMCeNMHe Ha XEKCaHMTPO-KO-
Gant(II)-jou no caga aob6ujemo u caexehe m3omepe auHMUTpO-bis(amMuHo-aumama-
ro-gobanrar(IIl)-jonosa: trans(NOsz)-trans-(N)-u3omepe C TrAMIMHOM, L-anaHu-
HOM M B-anaHuHOM; trans(NO:)cis(N)-u3omepe ¢ IIMUMHOM M L-ajnaHMHOM I
cis(NOs)-cis(N)-u30oMep C IIMIMHOM.

trans-Ilonoxkaj HUTpo-rpyna y pRoOMBeHMM M3oMepuMa yYTBpheH je Ha
OCHOBY IIOJIOXKaja HMTPO-cneumcpuuHe TpaKe y OJIMCKOj YJATpa-byGuYACTOj
obsacT eJIeKTPOHCKMX creKTapa. OpujeHraumja aMMHO-KMCENMHCKMX Jura-
Hajza y trans(NOs)-mM30MepyMa MCNMTAHA je TaKohe €eNeKTPOHCKOM CIIEKTpPO-
CKOIIMjOM. Hpu/'roue je yTBpheHo ga ce y cayuajy jegHor u3omepa amncopr-
LIMOHA TPaKa y BMALMBOM JeJly CNeKTpa, Koja IMOTHYe Of

1

T8 < la‘qs

€NIeKTPOHCKOr npena3a, pasJyaxe. 360r Tora je NMpeTnocTaB/bEHO Jla Ceé Y OBOM
ciay4dajy jaBijba M3pasuTa TPUroHaJHa AMCTOP3Mja MNMPOY3POKOBaHa trans-rojo-
JXajeM KMCEOHMKOBMX aToMa KapGoKcMaIHMX rpyrna. Ha ocHOBY Tora OBOM M30-
Mepy npumnucana je trans(N)-, a aApyroM u3somepy cis(N)-KoHduUrypammja.

cis-ITosoxaj HUTpoO-rpyna y AOGMBEHOM M30MeEDY AMHUTPO-AUIIAUIMHATO-
-kobanrar(Ill)-jona yrBpbeH je Takobe Ha OCHOBY moJoxaja HMUTPO-Creuu-
duune Tpake y 6aMCKOj yaTpa-JbybmuyacToj oGJacTM eJeKTPOHCKOr CIIeKTpa,
a opmujeHTauMja TIIAMIIMHCKMX JuraHaza PMR-CIIeKTPOCKOMMjOM.

Kondurypammje nobusennx m3omepa cy y carjacHoct ca Opojem m3o-
JIOBaHMX ONTHMYKMX M30Mepa.

Haj3aa, npoyuaBameM WH(pa-UIpPBEHMX CHeKrapa Ao6MBeHMX wM3oMepa
pa3MaTpaHa je M npupoaa Be3de u3aMehy KOOPAMHOBaHMX JIMraHaza M Merajn-
HOr joHa.

3 33
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Ha Taj HayMH mOIJIO HaM je 3a PYKOM fAa M30JyjeMO M OAPeAuMO KOH-
durypaumnje 4yeTupm O INET TEOPUjCKM MOryhmux reoMeTpujCcKMX m3oMepa AM-
HUTpo-bis(aMuHo-anmaaro-kobanrat(I1I)-joHoBa.

-2,

UCIIUTUBAIBE CACTABA U CTABUMJIHOCTU KOMILJIEK-
CHUX JEAUIBEIBA ¥ PACTBOPY Cu(I)-JOHOBA
M DL-CEPUHA

T. J. JAIbUR u L. B. PFENDT

ITpupodno-maTemaTuuxu ¢Paxyarer, Beozpad u Mucruryr 3a xemujcxa,
TETHOAOWKA U MEeTEGAYPWKG UCTPANUBAHE, Beozpad

IIpit  cnekTpodOTOMETPHMCKOM mNpoyYaBalby paBHOTEXRA Y pPacTBOpPY
Cu(ll)-joHoBa u DL-cepuHa yTBpheHO je na ce y mnoMeHyToM cucremy y pH-
-uHrepsany ox 2,8 no 13,0 rpase yeTMpM KOMIUIEKCHa jeauiewa. Ha oCHOBY
noparaka AoOGMBEHMX CNeKTPOOTOMETPHMCKOM M MOTEHIMOMETPUjCKOM MeTOo-
noMm oxpebeHa je pacrosesa OBUMX KOMIUIEKCA Y PacTBOPY Y 3aBUCHOCTM OXR
pH-BpenHocTi. Job-0BOM MeTOZOM €KBMMOJNAapDHMX pacTBopa yTBpbeHo je na
je onHoc 6aRpa M cepMHa y IIPBOM KOMIUIEKCY 1:1, a y APYroM ¥ 4eTBPTOM
1:2, nok je y TpeheM KOMIJIeKCYy, Ha OCHOBY AOOMBEHIIX pe3yJraTa IIpeTIIO-
CTaBJbEHO fa Taj oxHoc Takohe m3HOCKM 1 :2.

Ha OoCHOBY KOHLEHTpaumja MojeAMHUMX KOMIIOHEHAaTa y pacTBOpY, RO KO-
jux ce pmonasym mu3 aAujarpaMa pacrnojesie KOMIIJIEKCAa Yy PacTBOPY M OIMLUITHUX
CTeXMOMETPMjCKUX 3aKOHMTOCTHM, M3padyHaTe Cy paBHOTEXKHe KOHCTAaHTEe IO~
crajakka npsor (1), ogHocHO apyror (2) KOMIJIEKca:

Cut* + SerHf = CuSerH; »* .nH* a

(2—-n)+ i — (2-n-n")+ Y+
CuSerH;_ )" + SerH2 = CuSerzH“_n_n,) + n'H 03]
(CuSerH?™™*)

@-m ° OLHOCHO

(Cu“)(Seeri )

Ha ocHoBy 3aBucHocTH log

(CuSer H'27" ™%y
(4-n—n? on pH-BpeaHoctu HabeHo je aa 6poj

(CuSerHZ B :; * )(Sengi)

ocnobobeHMX NMpoToHa Nno MoJy ofpa30BaHOT KOMILIEKca M3Hocu y obyuM peak-
uujama no 1. Ha ocHOBY Tora 3akibydeHo je na ce DL-cepuH y o6a KoMmekca
noHawma Kao OMaeHAaTHM JUraHA, Na nNpeMa TOME cacTaB NPBOr M APYror KOM-
njeKca ce Moxe npukasaTty Ha ciaenehn HaumH: CuSerH+, ogHocHo Cu(SerH) o
IMapunjanHe cTeXMOMETPHjCKe KOHCTAHTe HeCcTabGMIIHOCTM OBMX KOMILIEKCAa M3~
Hoce: pK; = 8,05 + 0,01 u pKy = 6,92 + 0,02 (p =1).

3a KOMILIEeKC Cu(SerH)g vrBpheHo je ga ce noHaula Kao cinaba aso6GaszuHa
KHUCeNMHa 4uju cy npom3ssoay nporoause tpehu — Cu(Ser) (SerH)—, ogHocHO

log
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4eTBPTHU xommexc-Cu(Ser)g—. ITapumjajsHe KHUCEJIMHCKE KOHCTAHTE IIOMEHYTe
KMCeJIMHe AN00MBEHe Cy M3 HMXOBE pacrnogese y 3aBuCHoctT ofx pH-BpeaHocTn

ck
nomohy wuspasa: pkg = pH + log —, rae ckx HIpeACTaB/ba CTEXMOMETPHU)CKY
b

KOHILIEHTPaLMjy KMCeaMHe, a Ch CTeXMOMETPMjCKY KOHLIEHTpauujy H.0j oarosa-
pajyhe 6a3ze. JJo6uBeHe BpeaHocT m3Hoce: pKi = 10,1 u pK: = 11,9 (n =1).

II—3.

KOH®OPMAIIMOHA AHAJIU3A TRIS
(TPUMETUMJIEHIMAMMH) KOBAJIT (III) CUCTEMA

F. WOLDBYE u# C. P. HUKETUR

Cher.istry Department A, The Technical University of Denmark DK-2800
Jyngby, Denmark u MHCTUTYT 3a xemujcxa, rexrnoaouixa
U MeTaAYPWKE UCTDPaNdUBawa, Beozpad

Wiberg-oBa MeToZa 3a MMHMMM3ANMjy MOTeHLUMjanHe eHepruje (T3B. MeTOAA
»HajBeher narn6a“) je paspabena u npuMemeHa Ha KOH(OPMALMOHY aAHAJU3Y
tris(rpmmMernnenaaMun)-kobanr(IIl) cucrema.

3a mM3payyHaBame YKYyNHe €Hepruje y3eTM Cy y oG3up AONPMHOCH IIpO-
MeHe XyXXMuHa Be3a u aecdopmanmja BaJeHLUMOHMX yrjoBa, van der Waals-oBux
MHTepaKuMja u3Meby aToMa KoOj¥ HMCY AMPEKTHO Be3aHM M NPOMEHa TOP3MOHUX
yranoBa. OxroBapajyhe KOHcTaHTe cuia Cy Ao0MBEHe M3 PaCrOJOXKMBMX €KCIe-
PMMEHTaJJHUX TOAaTaKa.

HUcnumBaHa Ccy TPM OCHOBHA KOH¢opMmepa tris(TpuMmeTmieHaMaMyuH)KO~
G6aar(III) jona ¢ ocomM cumerpuje Tpeher pexa. ¥V OoBMM KOMILIEKCHMMAa XeJaTHMU
TNPCTEeHOBM Ce Haja3e y KoHdopmaumju croauue (,chairs“) u sesoj (As) ogmHO-
CcHO pecHOj (8s) Kocoj KondopMaumju. JobuseHm pesyaratu cy mnopehenn
C M3payyHaTOM KOH(pOpMalMOHOM eHeprujoM tris(rpuMernneHaMaMuH)Ko6aaT
(III) joHa y KpPMCTaJJHOM CTalkby, Ha OCHOBY 4era je NpeTnocTaB/beHa Bepo-~
BaTHa CTeXMOMETpMja OBOra cucreMa.

n—4.

YTULIAJ CYJI®O TPYIE HA IPOTOHALIMIY U OMCOLIMJA-
IINJY PEATEHCA JIEPUBATA BIS-A30-XPOMOTPOITHE
KUCEJIMHE

B. HUKOJIMER  A. MVYK

HuCTUTYT 30 NyxaespHe Hayxe ,,Bopuc Kudpuu“, Beozpad

UcnutiBaH je yrmuaj cyado rpyna Ha KOHCTAaHTe NpPOTOHAIMje # AUCO-
wijaumMje HEKMX peareHaca, aepmsaTta 6MC-a30-XpOMOTpPOINHe KucemamHe. OBM
pearercy uMmajy cyado rpyne y opTo, MeTa MJAM Mnapa MoJIoxajy y OQHOCY Ha
a3o-rpyny, HabeHo je na HajBehy yTuuaj Ha KOHCTaHTe NPOTOHaUMje U AMCO~
uMjaumMje MMajy CyncTMTYEHTM y OpTo nojaoxajy. IIpoamckyrToBaHa je mpupoxna
osor yruiuaja.

3‘



I—5.

CUHTE3A U OCOBMHE O-ETMJI-S (2-N-METMJI-N-APWJI-
-AMMHOETHUJ) METUJITNOPOCPOHATA

M. ROCHER, . PAKMH n 3. BMUHEH®EIJ

HRCTUTYT 30 TeXHUNKO-MeOUUUNCKY 3awTuTy, Beo:pad u Bucoxa Texrnuwxa
wxoaa, 3azpeb

IIpuka3aHa je cMHTe3a LUeCT HOBMX opraHo-¢grocdopHMX jeaumbera OmuTe
dopmyne::

CH3\ /0 CHj, R

P |
\

rae je R = —CHs, —Cl, —OCHs (y m u p noJoxajy)

M BUXOBUX METMJIMDAHMX JAepMBaTa Ca AMMETMJICYJadaToM — MeTuiacyadome-
TMJIaTa M AaTe Cy buxoBe MU3MYKO-XeMujcKe Kapakrepuctuke. Oxpebene cy
TaKObe KOHCTaHTe Op3MHe aJIKajllHe XMAPOJU3e CUMHTETHM3OBaHMX opraHo-doc-
dopuux jepmber-a, uMjuM pe3lyaTaTM YKa3yjy Ha BeJaMKy CTabMIHOCT OBMX
jenumema, 6e3 063uMpa Ha BPCTY M NOJIOXKAj CYTICTUTYEHTAa Yy (PEHMJIHOM je3rpy.

II—6.

O PEAKIIMIU AHXMIPUIA 3-HUTPOPTAJIHE KUCEJIVNHE
CA AHWJINHOM

0. A. BYPKOBUR u B. M. ITMMNUTPUJEBIR

TexnoA0wKO-MeTAAYPWKU PaxyaTeT, Beozpad u MHCTUTYT 3a xemujcxa,
TETHOAOWKE U METAAYPWKA UCTPANUBAWA, Beozpad

VYnopebusamwem Mermaectpa N-deHmn-HutpodTasaMMHCKE KHUCEJIHHE
(1.1. 162—4°C) nobuBeHOr aenxoBameM amua3oMeraHa Ha N-deHmrHMTpodbTana-
MMHCKY KMCeJuHy, Koja Hacraje y peakKuMju aHxuapuaa 3-HurtpodrasHe Ku-
celMHe ca aHMJIMHOM, Ca AaYTEHTMYHMM y3opumma o6a M3oMepHa MeTujaecTpa
N-cdeHnn-3- oqHocHO 6-HMTpodTaNaMMHCKe KMUCeJIMHe, NOKa3aHOo je Ra je Ha-
BefeHa N-deHmnuurpodTanlaMmMHcKa KuceauHa crtBapHO N-cdbenmn-3-Hurpod-
TaJlaMMHCKa KMceauHa. TuMe je AaT eKCrepMMEHTaJHM AO0Ka3 3a OpHMjeHTauujy
rope IOMeHyYTe peaKlMje, IUTO Ce PaHMje CaMO MNPeTHoCTaB/baji0 Ha OCHOBY
aHaJioruje ca OpMjeHTauMjoM pearuuje aHXMAPMAA 3-HUTpPodTaNHE KHUCEeNNHe
¢a aMOHMjaKOM, a ILUTO Ha OCHOBY pe3yJiTaTa HalIMX PaHMjUX pajoBa Huje
noy3xaHo. IIpuamMroM cuHTe3e MeTmiecrpa N-denmn-3-HurpodTalaMMHCKe
KHMceNMHe KOHCTAaTOBaHO je fa Moxe aa aobe nosg M3BeCHMM YCJIOBMMA A0 IO~
3HATOr MHTPAMOJEKYJICKOT eCTAPCKOr INpeMellTama, TakKo ga je nosaaszehu ox
B-ecTpa 3-HuMTpodhranHe KuceamHe mnpesobemweM y oarosapajyhy ecTap-XJIOpMA
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a 3aTMM ecTap-aHMIMA, YMECTO O4YeKMBAHOr Metuiectpa N-denmn-3-umurpod-
TajlaMMHCKe Kuceaune jo6uBen MmeTmiecrap N-cheHma-6-untpodraaMuHCKe
KMCEJMHe.

o—-7.
PYHKIIMOHAJIUSAIINJA CTEPEOUJHUX JIAKTOHA

M. CTE©QAHOBUR, 3. BEPMATH 1 M. TAIIIMA

Xemujcxu uncruryr IIpupodno-saresaruwxoz ¢axyarera, Beozpad
% MHCTUTYT 3@ XeMujcxa, TexHoAowW«Ka U MeTAAYPUWKA
ucrpaxusarwa, Beo:pad

JnpekTHO yBoherwe (DYHRLUMOHAJHMX rpyna y JNaKTOHCKM NPCTEH XeMuj-
CEKMM IIyTEM BeOMa je CJOoXKeH mpolec KojuM ce o6uyHOo AobuBa cMemia pa3ym-
YUTUX NOPOMU3BOJA y HMCKOM mpuHocy. Mmajyhu y BuAY BeaMKy Pa3HOBPCHOCT
AejcTBa OJIOBO-TeTPaaleTara y anpoTHMYHMM pacTBapauMMa, UM3BPILUEHO je yucrmm-
THMBaK€ JejCTBA OBOr peareHca Ha HEKOJMKO CTEPOMAHMX O-JlaKTOHA. ¥ CBMM
MCNUTHMBAHMM CJydajeBuMMa YTBpbeHO je fa ce 0BOM peaKuMjoM BpIUM aLEeTOK-
ClUJIOBale y Q-TI0J0xKajy Y OAHOCY Ha KapGOHMJIHY IrpyINy; peakuuja je seoMa
criopa aju ce BpIUM cTepeocneUdUYHO M y BMCOKOM mnpuHocy (70%). Joka-
3MBalke CTPYKType ROOGMBEHMX Q-alleTOKCHM-JIAKTOHA M3BPLIEHO je XeMujcKuMM
nyteM u nomohy MHCTPYMEHTaJHMX MeTofa. MaceHM CHeKTPM M CneKTpy Hy-
KJleapHe MarHeTHe pe3oHaHIMje Noka3yjy HeKe ocoGeHOCTM Koje HMCy ommcaHe
y aurepatypyu na he crora takohe 6utTH zerasbHuje AucCKyToBaHe. Takobe je
HMCOUTMBAHA M MOTyhHOCT 1uUMpe CMHTETCKe NpUMEeHe OBe peakKuuje yBohermem
Beher 6poja (hYHKUMOHAJIHMX rpyna y CTCPOMAHM MOJEKYJ.

I—s8.
COJIBOJIMTUYKE PEAKIMJE IUKJIIOAELEHMJI-CUCTEMA

M. Jb. MUXAMJIOBUA, Jb. JIOPEHI], M. JABOBUR, ¥. JYPAHUR
u M. TAIIIMB

Xemujexu uncruryr ITpupodno-maremaTuuxoz gpaxyarera, Beozpad
U MHCTUTYT 30 TEMUJCKA, TETHOAOWNG U METAAYPUWIKA
ucrpaxusarwa, Beo:pad

1
IIpoyyaBaHe Cy COJBOJMTHYKE peaKLyje TO3ujaTa CTEepeOM3OMEpHMX cis-
1 trans-38-xuapoxcu-5,10-seko-1,10-xonecren-5-ona y 90°% BoAeHO-aLeTOH-
CKOM pacTBOPY Y NpHUCYCTBY 1 MoJsiapHOr eKBuBaJieHTa Na-alerata Ha TeMmme-
paTtyp RKibydarma M Ha 110°. HabeHo je, ¢ 063upoM Ha pa3nauuure KOHDHUry-
paioHe M KoHOPMaLMOHE OAHOCE KOA OBa ABa oJeduHCKa Auacrepeomepa,
Aa MOCTOju 3HATHA Pa3JjiMKa Y IUXOBOj COJBOJMUTMYKOj pPEaKTMBHOCTH, KoOja ce
orsexa Kako y Op3MHM pearoBara, TAKO M y NPUPOAM MOCTAJMX NPOM3BoAa.
Kana ce roamnar trans-38-xuapokcu-5,10-seko-1,10-xonecreH-5-oHa coJ-
Boau3yje y mydepmucaHomM 90%0 aLleTOHCKOM pacTBOPY Ha TeMNepaTtypyu Kiby-



38

yama, nocjie npubaumxkHo 5 yacoBa m3pearyje LeNIOKYIIHAa KOJMYMHA CyMNCTpara
u nocraje cmeca ox 5 npoussoaa. OBM NMPOU3BOAM CY OABOjeHM Xpomarorpa-
dujom Ha SiO:-KonmoHyu m npeumnuthedy KpucraansaumjoM. Ha ocHoBy duamu-
KMX M XeMMjCKMX AOKa3a yTBpheHO je aa ABa COJIBOJIMTHYKA NpPOoM3BOjAa TO-
3unarta trans-38-xuaporcu-5,10-seko-1,10-xonecreH-5-0Ha MMajy CTPYKType ca
HeNpOMEeHEeHUM LMKJIOAELEHCKMM INPCTEHOM, M Ja ocTaja Tpu mpousBoja (ro-
crana y YKYIHOM NpuHocy oko 40%), mpeacTtaBibajy AepuBarte 5,10-seko-1,3-um-
KJIO-XOJIeCTeHa.

Hacynpor trans-u3omepy, rto3maar cis-38-xmuapoxkcu-5,10-seko-1,10-xone-
CTeH-5-0Ha 1MoJ MCTMM E€KCIIepMMEHTAaJHMM YCJIOBMMA, Mocje 5 yacoBa NMpPaKTHU4-
HO He pearyje a mocje 30 naHa 3arpeBama u3pearyje y KOJMYMHM OR OKO 30%o.
MebyTuMm, Kaja ce CONBOJAM3Aa BPIUM Yy 3aTOIULEHOj uHeBM Ha 110°, To3maar
cis-3oMepa Mu3pearyje NpPakKTMYHO KBAHTUTAaTMBHO nocje 10 gaHa, npu uyemy
Raje cMecy 3 nNpoM3BOAAa ¥ YKYNHOM IIPMHOCY OA OKO 95%, on KOjuX HujemaH
He CafpX¥ LMKJONPONAaHCKM MNPCTEH.

OBakBa pa3imka y OGp3MHM pearoBamba M NMPUPOAU IIOCTAJAMX ITPOM3BOAA
NpM COJIBOAM3M TO3MJIATAa AMACTEPEOMEpPHUX cis- u trans-8-xmuapokcmu-5,10-seko-
-1,10-xonecTeH-5-0Ha yKa3lyje Aa ce COJBOJM3a TO3MJjaTa trans-m3omepa BpLI
ca XOMOAJIMJIHOM mNapTuuunaumjoM asoryGe Besze. Ha ocHOBY Mopena Buau ce
Aa reoMeTrpuja MoJiekyna trans-u3omepa pomyurra aa C-3 Kap6GoHutjyM-joH u
ABoryba Be3a 3ay3My IJIaHapaH pacrnopex, uuMe ce crabuansyje npenasHo
crame, ¢paBopu3yje peakumja u omoryhasa rpabeme LIMKJIONPONAHCKOr MNpCTe-
Ha Kop cis-u3omepa TakaB nJiaHapaH pacnopej M3 CTePHMX pas3Jiora HUje Mo-
ryhaH, nma je peakiumja 3HaTHO crnopyMja M He faje NPou3BOAe Ca IMKJIONpPO-
TNIAHCKMM IIPCTEHOM.

I1—9.

PEAYKTUBHE IIMKJIIN3AIWUJE a, -HESACUREHUX
CTEPOUJIHUNX KETO CUCTEMA CA XETEPOATOMOM
Y 6-IIOJIOZKAJY. CMUHTE3A HOPMETWUJI-U30
CTEPOUJIHUX AJIKAJIOUIA.

MUIYTUH CTELAHOBUR, MBAH B. MMROBHE u# JYIIAH MUJbKOBUHR

Xenmujcxu uncTutTyr, ITpupoonomaremarunuxu gpaxyarer, Beozpad
Xemujcxu uncruryr, Puaosopcxu paxyarer, Hosu Cad
HHCTUTYT 3a TeMUjCxKa, TernoaowKa U MeTaaypwixa ucrpaxcusara, Beozpad

Y paHujum pagoemmal?’ mokasaidy CMO Ja Ce€ MHTPAMOJIEKYJICKOM pe-
AYKTMBHOM LIMKJAM3aLMjOM [IOrOAHMX He3acMheHMX CTEPOUAHMX CHMCTEMA MOry
Robutn jeaumewa CAMYHa NPUPOAHMM CTEPOMAHMM aJKaJoOMAMMa M carnore-
HMHMMA.

Y oBoM pajgy ucouradii CMO PeAYKTMBHE LIMKJAM3aluje Y eCTPOreHoj
n 19-HOp cepujn.

1 M. Stefanovié, I. V. Miéovié, D. Jeremié and D. Miljkovié,. Tetrahedron, 26,
m-zgiua's'tncfanoou D. Miljkovié, M, Miljkovié, A. Jokié¢ and B. Stipanovié,. Tetrahe-
dron I.Mten 32, 3891-3895

lbmy‘mn

oBKh, A.nexcanmp Joxuh M Aywan Mwsxonuh. Tnacrux Xe-
smujcxor Jpymrsa Beorpan, 34, 497-507 (1969).
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Jo6MBeHM HLUMKAMIALMOHM IPOM3BOAM IIPEACTaBJbajy HOpP-METMJI-U30 CTe-
pouanHe ankajgouge. IIpu MCIIMTHMBaBY PeaKLUMOHMX YCJOBa CTBapa Cce MHAOMN-
3UAMHCKM NpcTeH (npcreHoByu E m P) y aBa m3oMmepHa cis u trans obamka.

Ha ocHoBy pa3matpak:a NMR, macenux, IR, pK BpegHOCTM Kao M HEKMX
APYrMX XeMMjCKMX MnojaTaka DrpumnucaHe Ccy oarosapajyhe KoHdwurypaumje
U NOpeasoXeH MeXaHM3aM MHTDPaMOJIEKYJICKe DeflyKTMBHe LMKJIu3aumje.

In—10.

MHTPAMOJIEKYJICKE AJMIIUJE HESACUREHUX
AJIKOKCHU-PAIIUKAJIA

M. Jb. MUXAMJIOBNR, C. KOHCTAHTMHOBUR i XK. YEKOBMEA

Xemujcrxu uNCTUTYT ITPUPOOHO-MATeMATUUKO? gdaxyaTeTa U MHCTUTYT
3a reMmujcra, TETHOAOWKA U METAAYPULKA UCTPANCUBarwa, Beozpad

OkcunauujoM He3dacuheHMx anmcaTMYHMX aJIKOX0Ja, KOju caapike ABO-
ry6y Be3y y nosoxajy 4, 5 uau 6, nomohy osnoso-rerpaanerara, nobusajy ce
aLeTOKCUMJIOBAaHM LMKJIMYHM eTpu. 3aBMCHO of Mojoxaja aBorybGe Besze y on-
HOCY Ha XMAPOKCMJIHY Trpyny, MOry ce Ao6MTM neTo- ILEeCTO- M CeAMOYJAHM
LMKJINYHMA eTPH.

3arTBapalbe LMKJIMYHOr eTapCKOr mnpcreHa o06yXBaTa MHTPaMOJIEKYJICKY
agMumMjy ajJKeHMJOKcH-paiuKasia (3) (mo6ueeHor xomonnszom O-Pb Bese u3 2)
Ha onecduHCKy ABOryGy Be3dy mpm uemy ce RobmBajy ankua-paaukaau 4 uamn §_,
Koju ce gambe cTabuamsyjy oKcuaanmjoM y oaroBapajyhe kapGoumjym jome
(g wnu 7), Aajyhu KoHauHe npou3soge okcupauuje 8, 9 mam 10.

EL g P _*-Q-_e_.@(oj

Pb (0Ac)y ‘Pb(0AC)y *Pb (0Ac)y

A
4
2 2 2 @ AcO”
4
Ac

L—j 0 e AcO
0 ®, /K j J: ]
2 0

CH2 ‘CH3 0

10 s 5

(=]

- x

AcOCH

- O

Oxkcupaumjom HesacubeHMX aJIKoXona KoOju umajy asoryby Be3y y Tmo-
Joxajy 4 nobuBajy ce cMece alleTOKCMIOBaHMX M He3acuheHMX MneTo- U LIEeCTo-
4YIAaHMX UIMKJIMYHUX eTapa. MebyTum, oKcuzaumjoM ankoxosa KoOju cajapike
aBoryby Be3y y nojoxajy 5 ao6uBajy ce MCKJ/bYYMBO LLUECTOYJAHM aLeTOKCH-
JIOBaHM M aJKOKCMJIOBAaHM LMKJMYHM €TPU Kao M HEKM MNPOU3BOAM INOCTaANM
MHTPaMOJEKYJICKOM abcTpakumjoM aauJIHOr BOAOHMKA. TpM KOHKYpPEHTHe ILi-
KJAn3alumoHe peakKuuje cy npumeheHe npy oOKcuAaLMjM aJKoXxojJa KOju uMajy
oNlepHMHCKY Be3y y TIoJjioxkajy 6: HMHTpPaMOJIeKYJICKa aauuMvja aJKeHMIOKCH-
-paaMKana (Opy 4eMy IOCTajy CeAMOYJIaHM LMKIMYHM €eTPMU alLleTOKCMJIOBAaHU



40

Yy Go4uHOM HM3y) M MHTPaMOJIEKYJICKO NnpeMellTame BOJOHUKA ¢ § — uiam e-yribe-
HMEKOBOr aToMa (npM 4eMy ce RoOMBajy HealeTOKCMJIOBaHM TeTrpaxmapodypaH-
CKM M TeTPaXUAPONMPAHCKU [AEepHBaTH).

II—11.

MACEHMU CIIEKTPU 3- U 6-HUTPO- M 3- U 6-AIETAMUHO-
-N-EHUJIOTAJAMMHCKUX KUCEJIMHA

A. JEPEMMRE, Jb. TAJJEBOBUR, C. MUJIOCABJ/LEBUR, O. BYPKOBWR
un 'b. IMMUTPUJEBUR

Texnoaourxo-MeTarypwxu ¢daxyarer, Beo:pad, ITpupooHo-MaATEMATUNKY
Paxyarer, Beozpad u MHCTUTYT 3a TeMujCxa, TeTHOAOWKA
U MeTaAYypwxKa ucrpaxcusarma, Beozpad

IIpoyuaBaHu cy MaceHM CHEKTPy cienehux jemmbera:

CONH=Ph COOH COOH CONH-Ph
©:COOH @CONH-Ph @CONH—PH @CQOH
NO2 NO2 NHCOCH3 NHCOCH3
I L} : m v

Kox unrpo-nepmusata 1 u II youeHe cy GuTHe mpoMeHe y MHTEH3UTETMMa IMO-
jeanux c¢parmMeHaTa mTo omoryhyje pa3iMKoBalkme OBMX M3OMEPHMX je-
JMBema. .

AneramuHo-gepuBa™i III u IV wumajy pasauunrte nyrese ¢parMmeHTH-
cama, N1a OTyAa M pasauuuTte MaceHe crniekTpe. Koxa oBux aepuBata yrBpbheHo
je ma cnekTpy y KojeM je HajuMHTeH3MBHMjM MaKCcMMyM Ha m/e 77 oarosapa
crpyktypa III. ITopex OCHOBHOr MaKCMMyMa Ha m/e 77 nocroje M BpJO KapaK-
TEPUCTUYHM MAaKCHMMYMM Ha m/e 265, 236, 235 n 221.

Cnekrap jeaumema IV ce GMTHO pa3nmKyje of CreKTpa jeaumema III.
Y meMy je oCHOBHM MaKCHMMYM Ha m/e 93 xoju oarosapa joHy CsHsNH:. Bpao

~ -+

CH; —CO—NH O

je MHTeH3MBaH MaKCcMMyM Ha m/e 205, a noTude oA joHa Hacrasor ¢pparmeH-
TauujoM jeaumena IV.
¥ pany cy maTi .CneKTpM M HBMXOBa MHTEpNpeTauuja.
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o—12.

OIPEBUBAIGE CTPYKTYPE USOMEPHUX
8-ETNJI-7-OKCABUILIMKJIO (4.3.0) HOHAHA

I. JEPEMUR, M. Jb. MUXAWUJIOBINR, B, AHIPEJEBIIR
n M. JAKOBJbEBIR

IIpupooro-marenaTuuxu Paxyarer, Beozpad u MHCTUTYT 3a Texujcxa,
TETHOAOWKG U MEeTAAYPWKA uUCTpadcusarsa, Beozpad

OKcuzauMjoM NMKJIOREKaHOJNA Ca OJIOBOTETpaaleratoM nobuBeHa cy dYe-
TMPM M30MEPHa jeammea 4uja je CTpyKTypa

1

—CH, CHj
6 N0~ 8
7
Anamn3oM NMR cnekrapa yrBpbeHo je xa naBa mM30J0BaHa eTpa MMmajy cis
(H — H) cTpyKRTYypY, a aApyra asa trans- (H — H) cTpykTYypYy.
¥ paay je mpata pnerasbHa aHaam3a NMR crnekrapa.

I—13.

NMR CIIEKTPU CIS- U TRANS-2-ETUJI-4-XUTPOKCMU-
METWIJI-1,3-TMOKCOJIAHA U CIS- U TRANS-2-ETUJI-
5-XUAPOKCH-1,3-TMOKCAHA Y PACTBOPUMA BEH3EHA

C. MWIOCABJBEBIR u JI. JEPEMIR

Mpupodno-marenaruuxu Ppaxyarer, Beozpad u MucTutyr 3a Temujcxa,
TeTrHOAOWKA % MeTaAYPWKA UcTpaxcusara, Beozpad

Maspiuesa je anasmsa NMR cnekTapa 4eTMPU M3OMEDHA INIMIEpMHALe-
rana: cis-(I) u trans-(II) 2-etnia-4-xmuapokcumerua-1, 3-amuorconana u cis-(I1I)
u trans-(IV) 2-ermn-5-xmaporcu-1, 3-amokcana.

UcmmtuBana jegumerma jajy NMR cnektpe Buuler pesa obnmra: ABCD:
(I n II), AA’'BB’X(III) n AA'BCC’(IV). 3a aHaau3y OBMX CreKrapa Kopuurhene
yobuyajeHe momohHe MeTome: u3pauyHaBaH-€ TEOPMjCKMX CIEKTapa, ABOCTPYKAa
Pe3oHaHIMja, CHMHTe3a MOHOAEYTEePMCAHMX jeAMILEeHha M CHHTE3a Mojen je-
IMibema,

Ha ocHoBy napamerapa nob6mBeHnx u3 NMR cnekrapa (xemujcKa rnome-
Palba M KOHCTaHTe MHTepakuuje) oxpebeHe cy CTPYKRType, KoHcurypaumuje
¥ u3BeJeHM 3aKJbYdlM 0 KOHdopManMjaMa MCIMTMBAHMX M3OMepa.

IIpoyyaBaleM aHM3OTDONHMX yTuuaja cyncruryenra (-CH:0H) Ha xe-
MIjCKO moMepamse cis-8-nporoHa y 1, 3-amokconanckum npcreHosuma (I, IIy
HabeHo je na je oBaj yTuuaj nmapamMarseTad.
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11—14.

YTULIAJ PACTBAPAYA ¥ HYKJIEAPHO-MATHETHO
PESOHAHTHOJ CIIEKTPOCKOIIUIN — IIUKJINYHU
KETOHHU ¥ PACTBOPMMA BEEH3EHA

T. T. XAJAYKOBURA

Hueturyr 3a nyxaeapne nayxe ,Bopuc Kudpuuw“, Beozpad

Wcnuranyu cy XeMMjCKM IoMepajM NMPOTOHCKMX CUrHaja ajKwi-G-XJOopo-
-LIMKJIOTIEHTEHOHA Y YIJbeH-TeTPaXJIopuMAay M GeH3eHy. 3HAaK M BeaMuMHa Xe-
MUjCKMX TOMepaja NpPOTOHAa jemMibera y GeH3eHy y OAHOCY Ha pacTBope Yy
yribeH-terpaxyopuay (A8 = 8ccle — OcsHs) 3aBMCe OX TeOMETPMCKMX OLHOCA
u3Meby MCIUTMBAHMX NPOTOHA M MOJAPHMX rpyna. Y CHEKTPMMA LMKJIMYHUX
KeTOHa ITPOTOHCKA PEe30HaHI|a IoMepa ce Ka jaueM IoJby Kaj Ce yribeH-TeTpa-
xJaopup 3amenu GeHseHom. YTMI[Qj pacTBapaua Ha XeMMujcKe nodepaje 8-mpo-
TOHa yYBeK je Behu ox yrmmnaja Ha xeMmjcre romepaje a-npoToHa, a B-mporTommu
y trans mnojoxajy y OARHOCY Ha XJOpP 3aKJOHEHMjU Cy OX NPOTOHA Y II0JI0-
Xajy cis.

Ha ocHoBy 0BMx pesyJarara oapeheHa je cTpyKTypa cTepeomM3oMepa U Ipo-
JMCKYTOBaHa NPUPOJA MHTEPMOJEKYJCKMX MHTepaKuuja GeH3eH-pacTBOpaK,

II—15.

EJJEKTPOKEMMJCKA PENIYKIIMJA MUHTEPMEJIWUJEPA
¥ IMPOU3BOIIEY BUTAMUHA Be (II)

EJIEKTPOKEMUJCKA PEAVKIIMJA CYIICTUTYUPAHUX NIUPUIOHA

M. JJARAH, J. XPAHWIOBHUA, 3. BAJTHEP, H. TABAKOBHE
u 3. CTYHUR

Texnoaowxu paxyarer Cseyuuauwra y 3azpeby
PLIVA — T80pHUUG (PAPMAUEYTCKUX U KeMUFCKUT npou3soda y 3azpeby
Bucoxa Texrnuuxa wxoaa KoB JHA y 3azpeby
Texnuuxu Paxyarer, Bawa Jyxa

WU3BpuieHa je eJEeKTPOKEeMMjCKa PeayKuMja 2-MeTusI-3-HUTPO-4-MEeTOKCH-
MeTui-5-114jaHo-6-xuapokeumpumsiHa  (I) 2-MeToORCHMMeTMII-3-HUTPO-4-MeTHI-
-5-uujaHo-6-xuapokcumupuamnHa (II) Ha >XKMBMHOj KaToAM y cCMjecu JejgeHe
OLTE€He M COJIHE KucesyHe. ¥ NPBOM CTYNHY €JEeKTPOJM3e KOA KOHTPOJMPAHOT
KaToAHor noreHuujana ox -0,5 V (npema 3.K.E.) HMTpO rpyna, y crnojeBuma
I 1 II, je peayumpaHa y aMMHO rpymny y3 npeJia3 ILIeCT €JeKTPOoHa. ¥ ApyroMm
CTyNmYy KOjA noreHuujaja oko -1,1 V (npema 3.K.E.) o6a u3omepHa aMMHO ne-
puBaTa peAyKLMjoM Aajy MCTM NPoAYKT. KaToAaHM MoTeHUMjaayu y OBMM IIOKY-
CHMMa OAroBapajy NpBOM, OAHOCHO APYrOM IIaTOy TPpaHU4YHE CTpyje moJjapo-
rpadcKMX KpuByJba. McnuTuBaHe cy mojaporpadcKke KpuByJbe M oapebeH je
KapaKTep rpaHM4YHMUX CTPyja npeMa yobuuajeHuMm Kpurepmnjuma. I[IpoaykT csa-
KOT CTYIHa je M30JaMpaH M MCIIMTMBAH je yTjenaj pasanumtux cdakropa Ha
MCKOPMIIITEH€ NPOAYKTA.
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Ii—16.

MN30JAINJA N CTPYKTYPA CYJI®PATUIA
KOHBCKOT' MO3TA

K. KJbAMER » M. IIPOIITEHUK

Meoduyuncxu ¢axyarer, 3azpeb

KomCKM MO3aK eKCTpaxuMpaH je aleTOHOM. eTepoM MU eraHoioM. Cdusro-
JurmmaHa paKnyuja, Ko6MBEHa ERCTpaxXupameM ca eTaHOJOM, Kpomarorpadpu-
paHa je Ha KOJIOHM aKTHMBHOr yribeHa u duuopucuna (2:1). Cyadaruau cy
enyupaHu ¢ KJopogopm-meraHoaom (2 :1) 3acuhennm ca 5N NH«OH. Pekpo-
MaTorpad®MjoM IIPEKO aKTMBMPAHOr JOpHCHMIIA, eJyMpPameM ca KJjopodopm-
-MeTaHoOJIOM (2 :1) mobuBenyu cy umcTv cyacaruayu, 6e3 nepebposupa u coiH-
roMujenuHa (eseMeHTapHa aHaau3a, IR aHaamusa, Kpomatorpaditja Ha TaHKOM
caojy cnmaukarena G).

WUsonupanu cyndaTtManM MeTaHOJAM3UPAaHM Cy y3 3arpyujaBamke ca MeTaHOJI-
HoM HCl. Tako pobuBeHe MacHe KuUCeJIMHe M AyrosaHyaHe 6Ga3e aHajau3mpaHe
Cy IUIMHCEOM KpoMatorpacdhujoMm. Oapehen je cacraB MacHMX KHCEJIMHA U
cduHrONMNIMAHNX Ga3za.

I—11.

PETYJIAIIMJA TJIYKOHEOTEHE3E KOJI KBACIIA
IIPU IIOPACTY HA TAJIAKTO3MU

B. JIECKOBAII, A. TYPYAIBM u Jb. BPBAILIKAN

3a800 3a remujy Ynusepsurera y Hosom Cady

Ksacay coja Saccharomyces cerevisae OK-II-8 yasrajaH je Ha Traykosit,
TaJaKTO3!M WM aLleTaTy, Kao jefMHOM U3BOPY yribeHuka. MepeHa je AMHaMMKa
TIpoMeHe cnenM@UYHOr aKTHMBMTETa MajlaT AeXujaporeHa3e, aJIKOXOJ AeXUApPO-
reHase, rayko3a-6-cdoccar gexmaporeHase, M3OIMTPAT AEXMAPOreHase, M30LM-
TpaT JiMja3e M XEKCOKMHAa3e, NMPM Mopacty KeBacua Ha oBuMm wmehepuma VYTBp-
beHo je ma rajmakTo3a M TIYKO3a pernpuMmpajy, a Aa aleTaT MHAYKYje CUHTe3y
eHLMMa TJIyKoHeoreHe3e. M3oeHumMm MDH cy pasgBojeHM Ha KOJIOHM Of
DEAE-Sephadexa. IIpy mnopacTy KBacla Ha IJIYKO3M M TrajlakTo3M CHMHTe3a
mronaasmatTuiHe MDH je cenexTMBHO penpmMmupaHa y 3HaTHO Behoj mepu
Hero MuToxoHAapujasHe MDH. IlpernocraB/ba ce fAa je pernpecop riayKoHeore-
He3e HeKM of Meraboaurta Koju je 3ajeRHMYKM KaKo 3a KaraboamsaM riayko3e,
TAaKO M 3a KartaGoau3am rajakTo3e.
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II—18.
XEMUICKO UCIIMTUBAIBLE JOMARUX BPCTA ARTEMISIA

MUIYTUH CTEQ®LAHOBUR, AJIEKCAHIAP JOKUA
u ABDULAZIZ BEHBUD

ITpupodno-satenatTuuxu ¢dpaxyarer, Karedpa 3a xemujy, Beozpad, HMucruryr
30 TeMUJCKE, TeXTHOAOUWIKG U METAAYPUWKA NCTPAIUBANA, Beo2pad

XeMHujCKM Cy MCNMTMBaAHM eKCTpPakTH caeaehux aomahmux Bpcra Artemi-
sia y Hawoj JaaGoparTopujn:

1. Ambrosia Artemisia folia L.
2. Artemisia Vulgaris L.

3. Artemisia Annua

4. Artemisia Scoparia

OBe Bpcre cy yb6paHe y oroamHu Hoor Caga u Beorpaga. Paspahen je
rnocTynar 3a €KCTPaKLMjy M €KCTPaKTH cy XpoMatorpadmcaHyM Ha KOJOHM CH-
JUKa-reja, Koja je KOHTpoJMcaHa XpoMaTtorpacdmjoM Ha TaHKOM CJOjy. ¥Ycmne-
LIIHO CMO M30JI0BaJu M MAEHTUPMKOBaaM cnegeha KpHuCTalHA jeAUE:€Hba:

psilostachyin (M3 A. A. folia)
vulgarin (u3 A. vulgaris)

OBa jeanmwelba Cy CECKBUTEPIeEH JIAKTOHM M HEKOJIMKO APYIMX jeauiberba
Koja ce ucrurtyjy (TLC-umcra) cy jowu yswa, anu nokasyjy IR, NMR u macene
CreKTpe y CarjlacHOCTM ca CTPYKTYPOM CECKBMUTEPMNEH JaKTOHa.

II—19.

MUCIIUTUBABGE PAPAVERUBINA D ¥V OTITAJHUM
NNPOAYKTUMA IIPU IIPEPAIU OIINJYMA

O. TAIIIMR » M. I[IEPTAJI

3a800 3a remujy YHusep3urera

Papaverubin D — ankajoua Koju ce y Tpary Hajla3y y ONMjyMy MCIIUTH-
BaH je y OTINagHMM IPOM3BOAMMA IIPUM MHAYCTPMJCKOj mpepaau ommjyma —
,ONUjYMCKOM TaJory“ M ,MeKoHaTy" nobuseHoMm u3 cdabpuke Aaxaasoud O6ua-
xa — Cromme.

Papaverubin D je oapebuBaH cBOjUM KapaKTepPUCTMUHMM peaKiMjama ca
pa3baazeHMM MMHEPaJHMM KUCeJIMHaMa, XpoMartorpadujoM Ha TAHKOM CJOjy
cunukarena G no Stalu y pasuum cucremuma passujauya u UV crneKTpOCKOIMM-
jom. Hama mcTpaxkmuBama Cy IMoKasajla ja CaMo ,,0NMjyMCKM Tajor* cajgpmxu
papaverubin D.

IloKywaHo je M mpenapaTMBHO M30JI0Bawe papaverubina D u3 ommjym-
CKOr TaJjiora.
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—20.

UIEHTUOPUKAIIMIA TIPOLIECA JTOBUJALA BUCOKO-
OINIEMEILEHE CYJI®ATHE LIEJYJO3E 3A XEMUJCKY
ITPEPAJIY ITPEKO MHOPAIIPBEHOT CIIEKTPA

C. CTAHKOBMTH, Jb. MAJJAAHAIL u Jb. TAJJEBOBUR

Texnoaowxo-uerarypwxu ¢haxyarer, Beozpad u HMHCTUTYT 3a xemujcxa,
TerNOAOWKAG U MeTarypwixa UCTPaxusarwa, Beozpad

IIpu wmaentudurosamwy npeko IC-cnerTpa mpoueca pobujama 6Gykose
cyscaTHe Lelyno3e C NPeAXMAPOJM3OM 3a XEMMjCKy Npepajay, y3 NpUMeHY
cekBeHue Gemewba CHN, ca BapupameM KOHLEHTPauMje HaTPUjyM-XMIIOXJIO-
PHUTa, YCTAaHOBJLEHO je:

1. la nocToju napaseam3aM KOX MPOMEHA MHTEH3MTETa Tpaka y obJia-
cruma 1430—1470 cm—!, 1370—1380 cm—!, 1335—1350, cm—!, 895—900 cm—! n
ZROHeKJe y obaactm 1320—1326 cm—!, Tj. Ka ca MHTEH3UTETOM OILIeMEH-MBaMLA
AoJla3y A0 MHTEH3UBHMjMX TpPaKa, jep ce OHe OZHOCE HA XEMMUjCKe Be3e y Mo-
JIEKYJy LieJlyJio3e KOjOM Cce BJIaKHO peJaTMBHO obGorahyje.

2. ITapanenn3aM mnpoMeHa MHTEH3MTeTa Tpaka y obaactuma 1740—1745
cm—!, 1590—1610 cm—?, 1505—1520 cm—!, 1470 cm—! u 1245—1247 cm—!, jep ce
ojHOCe Ha mpolece Ae3MHKPYCTalMje OAHOCHO YKJialmaka JMUTCHMHA M XeMmuie-
nyno3a. 3ajejHMUYKa je KapaKTepUCTMKa I0jaBa MHTEH3MBHMX Tpaka 3a GyKoBo
JAPBO M Npeaxuapoin3oBaHo GYKOBO APBO, KOje ce CBOJe HA MMHMMYM Y TOKY
Aa’bMUX Ipoleca OIUIeMeHhMBaMa BJIAKHA.

3. Tpake y obnacty 2905—2935 cm—! u 2860 cm—! MHTEH3MBHe Cy CaMoO
xon 6ykoBor apBeTa, RKOK cy BeoMa cinabe Kox cBMXx HapemHux objamuKa onJe-
Mew-uBama. CMaTpa ce fa Cy OHe KapaKTepPUCTM4YHe 3a Xxemuueayno3e Gykse.

4. Uspa3ur napajienn3amM HMHTEH3uTera Tpaka y obaactu ox 1160—1165
cm—!, 1115—1120 cm—! n 1050—1060 cm—!. Huje morso aa 6yne mxaTo ageKBaTHO
TyMayeme OBe MnojaBe.

5. IIpu onjeMewmMBaKYy XJIOPOBaHe cyicaTHe Ljeaysio3e a BOAEHOM Ipej-
xuapoan3oM (a = 95,4, DP = 1.090) HaTpMjyMXMIIOXJIOPUTOM KOHIIEHTpaluje
akTuBHOr xJsopa 0,5, 1,1, 1,5 u 2,0° Hucy ce Morje youutu npomeHe IC-cnek-
Tapa Koje 6u goBese 10 MOy3AaHMjMX 3aKJby4yaKa, Ja/buM OMNJeMEHUBAHEM
OBMX Ile1yJio3a ca HaTPMjyMXJIOpUMTOM KoOHIeHTpauuje 0,5%, nobujeHa uneny-
J03a HMje noKa3uBaJia npoMeHe y IC-cnekTpuma.
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II—21.

XPOMATOTI'PA®CKO PA3IBAJAIGE HYKIIEMHCKUX
KHCEJIMHA KYKYPY3A HA KOJIOHU O
METUJIOBAHOI' XYMAHOTI' AJIBYMUHA

C. A. TPYJUR u B. . TPVJUR-UIBALL

3a800 3a remujy Ynueepazurera, Hosu Cad, Xemujcxu uwcruryr IIpupodwo-
-MaTeMATUYKOE DaxyaTeTa, Beo:pad u HMMCTUTYT 3@ Xemujcxa, TerHOAOUWLXKD
U MeTGAYPWIKG MUCTDPaXUBawa, Beo:pad

HcnuraHM Ccy ycJOBM 3a M3OJIOBal€ M pa3jBajale HYKJIEeMHCKMX Kuce-
JAMHAa U3 KyKypy3a Ha MAK-KoJlOHM mna cy pesyaratu ynopeheHu ¢ mnpena-
patTMa no6MBeHMM McTOM MeronoM u3 E. Coli. YrBpbeHo je aa npu Xposaro-
rpadckom pa3pBajaikby NK M3 KyKypy3a Ha MAK-KosoHM, 3a pa3nury oa NK
u3 E. Coli, 3aocraje HeenyupaHo oko 20% NK, Koje ce ca KojJOHe He CKMAajy
Ha 25°C Hu noBehameM KOHLIEHTPALMOHOr rpaamjenrta pacrsopa NaCl ao 1,8 M,
anu ce Jnako enyupajy npu nosehamwy TeMmneparype Ha 45° ogHocHo 55°C.
Dische-oBoM peaxumjom, aGCOPIMIIMOHMM CMEKTPOM Kao0 M XMAPOJM3OM YTBP-
beHo je ma Ha noBumeHoj TeMneparypum u3onosaHa NK npmmaza rpymu RNK
Kojy cMo ofenexmuau xao xRNK.

I1—22.

XNIPONNTUYKA TETPAJALIMJA KYKYPY3HOI' CKPOBA
IIOMORY A3OTHE KUCEJIMHE

O. JAHYURA » H. CMMJBAHHA
HMHuCcTUTyr 3a Temujcxa, TeTHOAOWNKE U METAAYPWKG UCTPAMUBAA, Beozpad

TperupamkeM HaTUMBHOr KYKYPY3HOr CKpo6a pa36laeHMM pPacTBOPMMA
a30THe KuceJiMHe Ao6MjeHM Cy TAHKOKYBaHM CKpoGoBHM. ¥ 3aBMCHOCTM OA KOH-
ueHTpauuje KuceamuHe, aobujeHa je, MOA Pa3’IUUNTHUM PEAKLMOHMM YCIOBMMA,
4yyuTaBa cepMja XMAPOJIMTHMYKM AerpaauMpaHux Moaudukata ckpoba ca HOBUM
hU3MYKMM M XeMUjCKuM ocobMHaMma.

11—-23.

AMMHO ETPU CKPOBA CA ®JIOKVYJIALMOHUM
OCOBMHAMA

0. JAHAME u A. BOPBEBUR
MMHCTUTYT 3G TeMujcxa, TETHOAOWKE U METAAYypULKA UCTpaxusawa, Beo:pad

TperupatkbeM HAaTUBHOT MJAM OKCMAOBAHOr CKpoba CMecoM TeplujapHoOr
aMMHa M EMUXJOPXMAPMHA Y aJIKaJHOj CPeAMHM, Ha TNOBHMILEHOj TeMIepaTypw,
AobujeHu cy KBaTEePHEPHM aMOHMjyM alKul eTpu cKpobGa. Ucnuranm cy m 06-
JapeHy peaKLMOHM YCcaoBM 3a aobmjame oBMX aepuBaTta cKpoba, ca ocobmHama
KATJOHCKMX IOJIMMEPa, Y YBPCTOM M TE€YHOM CTakby.
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11—24.

YIIOPEJHA OKCHUIAIIMJA KYKYPY3HOT, KPOMIIMPHOT
M NIEHNYHOTI CKPOBA

A. BOPBEBHEA u O. JAHYNURBR
HHCTUTYT 3@ TeMUCKA, TEXHOAOWKA U MeTarypwiKa ucrpaxusarwa, Beozpad

M3BplreHa je oRcHMAauMja KyKYypPy3HOr, KPOMNMPOBOT M MIUIEHMYHOr CKPO-
6a nmoMohy pacTBOpa KaJIMjyMXMIIOXJOPMUT2 IPU MAGHTUYHUM pPEaKLMOHMM
ycaoBuMa. IlocmaTpaHe cy M yrnopebuBaHe OCHOBHEe KapaKTepuCTHMKe nobuje--
HUX IPOM3BOAA Y 3aBMCHOCTM Of KOHLEHTpalMje OKCMAAHCA TOKOM peakLuuje,.
Koja ce Kperaja oA 1 mo 14%. YcTaHOBJbEHO je Aa ce rpaHyje KYKYPY3HOT
U KpoMnupHOr cKpoba 6pxke oRCcHMAYjy Npy HMIKMM KOHIIEHTpallMjaMa peareHca,
Jla cy rpaHyJjie KYKypy3Hor ckpoba HajnpocTpaHuje M fa ce Ipy BMCOKOj KOH-
OeHTpalMju OKCHMAAHCA He MOXKe M3BeCTM OKCHMAALMja KPOMIMPHOT M IIUIeHWY -
Hor ckKkpoba, jep nona3mM Ao JKeJaTMHMU3aLMje.

II—-25.

UCIIUTUBAIGE PJIOKYJAIIMOHUX OCOBMHA
AMHUHO-ETAPA CKPOBA

O. JAHYUR u A. BOPBEBHER
HACTUTYT 30 TeMujcxa, TerHOAOWKA % MeTAAYPWKA UCTpaxusarea, Beozpad

HUcnurane cy odbaokyaanuoHe ocoGuHe RobujeHMx aMmHO-eTapa CKpoba.
Hcenutusama Cy BpLUIEHa Ha INIMHEHOJ cycneH3uju uM AuMdy3HOM CcoKy uehepHe
pene. IIpemMa jauuum bJAOKyJIaLMOHOT AejcTBa, AoGMjeHM aMMHO-eTPHU CBDPCTAHIL
cy y 4 Kareropuje of KOJjUX cy OHM, uuje je ¢piokynaumoHo AaejctBo obese—~
xeHo GpojeM 5, Haj6osbMm.



. ®PH3HYKA XEMHJA

mi—1.

YTULAJ TEMIIEPATYPHOT PE2KMMA OBPAJIE HA ITPUPOLY
KHMCEJIOCTHU IIOBPUIMHE Y-3EOJIUTA

M. P. JOBAHOBHURA
HHCTUTYT 3a Temujcxa, Terworowxa u MeTAAypuixa uUcCTpaxusara, Beozpad

IIpoyyaBaHu cy MH(pPaUPBEeHM CIEKTPM MOAMMPHMKOBAHMX 3€0JUTA THIIA
Y (Ce-NH«-Y u Ce-Na-Y) y by MACHTMPMKOBaAKA Pa3IUMYUTUX CTPYKTYP-
Hnx OH rpynma ¥ yTBpbuBamka TeMmnepaTypHuxXx edekaTta Ha HUXOBY €BO-
ayumjy.

Takobe cy ucnMTMBaHM CneKTpM agacopboBaHOr NMMpUAMHA ¥ Ha OCHOBY
ONTHMYKMX TYCTHMHA oAroBapajyhmux aGcopnipoHux Tpaka Ha 1540 u 1454 (oaHo-
cHO 1456) cm—! m3pauyHara je npomeHa oaHoca Lewis-oBe u Bronsted-ose
KMceNocTM y (PYHKUMjM TeMIepaType aKTMBMpama y3OpakKa.

II1—2.

UCIIUTUBAIBE TPOKOMIIOHEHTHUX IIMHK-BAKAP-
-XPOMHUX KATAJIU3ATOPA 3A CMHTE3Y METAHOJIA.
III. UICIIMTUBAIBE TEPHEPHUX CUCTEMA CA OIHOCOM
KOMIIOHEHATA KOJU OIATOBAPA MHIYCTPUJCKHUM
KATAJIU3ATOPUMA

II. C. IIYTAHOB, B. 1. AJJEKCUTR u A. TEPJEIKU-BAPUYEBUR

HMucTutyr 3a TeMujcxa, TeTHOAOWKA U METAAYPWKA UCTPaAXuUsawa, Beozpad

Y HacTaBKy MPeTXOAHMX INpOoyuHaBara JBOKOMITIOHEHTHMX LMHK-XPOMHUX
u 6aKap-XpPOMHMX CMHCTEeMa, Kao M TPOKOMIIOHEHTHOr cucTreMa ca oxpebeHum
CTEXMOMETPUjCKMM ORHOCOM KOMIIOHEHaTa, IIPeAy3eTo je MCIMTHMBAHe HecTe-
XMOMETPHjCKOT TPOKOMIMOHEHTHOT cuCTeMa KOjyu oArosapa MHAYCTPMjCKOM THITY
Kartaaunsaropa M mma caeaehm cacras: ZnO . 0,51 CrOs. 0,25 CuO.

3a oBa ucnutuBaka KopuitheHe cy merogae TG, DTA u eleKTpU4YHe npo-
BOA/bMBOCTM Y YCJIOBMMA aHAJIOTHUM PaHMjuUM Mepemuma.

ITopebeHe cy KapaKTepMCTMKE KaTajM3aTopa CUHTETUM30BAaHUMX METOAOM
MMIIDErHanmje ¥ MeTOAOM 3ajeHMYKOr TajoXKewa y3 Bapupame penociaena
Melnamka KOMIIOHEHaTa.

HMobuBeHy pe3ysTaTi yKa3ajay Cy Ha NMPUPOAY IAONPUHOCA INOjeAMHUX KOM-
TIOHeHaTa Ha ¢opMupare M CBOJCTBA OBOr CJOMKEHOI KaTaJMTUYKOL CHUCTEMA.

48
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3.

XEMMUJICKA OTIIOPHOCT JIETYPA OJIOBA
Y PACTBOPUMMA 3A XPOMUPAIGE

C. H. MJIATEHOBHWR, Jb. BAPTA 1 6. HOBOKMET
Texnoaowso-Merarypwuxu ¢gpaxyarer, Beozpad

IlacuBMpaHM JMMOBM JIEType OJIOBA Ca KaJjlajeM MJM aHTMMOHOM Cy Xe-
MMjCKM MOCTOjaHM KakKo y o6M4YHMM pacTBOpMMAa 3a XPOMMpame TakKoO M y pa-
CTBOpMMA 3a XpOMMPaH-e Ca pPa3HMM KOHIeHTpauujamMa cHMIMKodIyopoBORO-
HMYIHE KMCeJMHe YKOJMKO Ce PacTBOPY 3a XpoMMpame AOoAaje BoAa y KOJIM-
YMHM KOJMKO je mucrapmia.

m1—4.

XPOMUPAE ¥ IPUCYCTBY CUIMKODPJIYOPOBOJOHUYHE
MNJINU BOP®JYOPOBOINOHUYHE KUCEJIMHE

C. H. MJIATEHOBHER 1 II. PATIOBAHOBURA
Texnoaowsxo-serarypuxu ¢gaxyarer, Beozpad

Hckopmmhewe cTpyje mpu XpomMMpamy XJajHO BaJbaHe YelnyHe TpaKe
pacTe 0 M3BeCHe KOHIeHTpaumje cHaMKOdIyopOBOAOHMYHE KMUCEJIWHe, a NPH
RabeM noBehamy KOHIleHTpauMje CHMIAMKOMIYOPOBOAOHMYHE OIlaja; NpM Xpo-
MMpamy Y [PUCYCTBY CHIMKOMIYOPOBOZOHMYHE KHUCEJWHe WCKopuirtheme
CTpyje pacTe M ca ryCTMHOM KaTOAHe CTpyje.

o wu3BecHe KOHLEHTpauuje 6GopdiayopoBOfOHMYHE KHUCEJHMHEe MCKOPH-
mtherwe CTpyje NpM XpoMMupawy XJagHO BaJbaHe YeJuyHe TpaKe pacre I0
21%, a npu AasbeM noBehamy KOHUEHTpauuje GopdiyopoBOfoOHMYHE KHCENIUHEe
onaja.

5.

YTHUIIAJ TEMIIEPATYPE U OJHOCA IIOBPIINMHA
Y30PKA/3ATIIPEMMHA PACTBOPA HA XEMMJICKY
JEIIO3ULINIY HUKJIIA

K. BOPBEBUAR, 4. IETPOBHER n B. AIMMIINE

TIpoyuaBaH je yTuiiaj TemMneparype y oncery ox 79,4 no 99,4°C Ha Gp3uHy
Aenos3uuMje HMKJAA Ha HUCKOYIJbeHMYHM dYenuk Ksaaurera C.0146 u3 cyadar-
HOr Kuceyor Kymatuwiaa. OxpebeH je McTO Tako mopacT TeXuHe MO jeXMHMLM
MOBPUIMHE Yy 3aBMCHOCTM O ILIECT OAHOCA IOBPLIMHA Y30pKa/3ampeMuHa pa-
cTBOpa, y oncery 0,125 — 4 [dm?/1], npu TPu TeMmmnepaType.

4



50
II1—e.

IIOJABA HAITIOHCKOTI' CTAIbA KOJ XEMUJCKHU
ITIOHUKIIOBAHUX BAKAPHUX TPAKA

B. UWIWR, A. BOPBEBUAR, 4. IETPOBUR u B. ATUMIINR

VrepbeHa je nojaBa HAaMOHCKOr cTamka KOA XJAaAHO Ba/baHuMx GaKapHMX
TPaKa, Koje cy ca jenHe cTpaHe 6uMje XeMMjCKM MOHMKJIOBaHe a 3aTMM M3JO-
ReHe oapebeHOM peXuMy TepMuuKe ofpajae, y 3amuTMTHOj aTtmocdcdepu. IIpoy-
yapaHa je 3aBMCHOCT fAedopManyje Of HaYMHA TEPMMYKOr TPEeTMPawka M OX
creneHa aedopMalmje.

m—1.

IIOJAPOTPAMDPCKO IIOHAIAIBE MOJIMBJAEHA
¥ KOHIEHTPOBAHOJ CYMIIOPHOJ KMCEJIMHU
Y NIPUCYCTBY XMIPOXMHOHA

G. EL. INANI » [, C. BECEJIMHOBUWR

Dusuuxoresmujcxu 3asod ITpupodno-marexaruuxoz gaxyarera, Beozpad
u MHCTUTYT 3@ TeMujcKa, TeXHOAOoWKa U MeTAAYPWKA UCTPaXusar-a, Geozpad

IIpn peayRumju moauGaeHa Yy KOHLEHTPOBAHOj CYMIIODHOj KHMCEJIMHH
(84,6%0 g/g) y npucycTBy XHUAPOXMHOHa nobmuja ce jeman n0o6po peduHucaH
Tanac. Iudys3noHa cTpyja je He3aBMCHa Off BpeMEeHa M KOHUeHTpauuje Xuapo-
XMHOHA a AUPEKTHO je NMponopiMOHaJHAa KOHIleHTpauuju mMoaubaexHa. JIlBa mMak-
cuMyMa Koja ce nob6mjajy npu peaykuujuy Mo(VI) y pacTBopMMa KOHIIEHTPO-
BaHe CYMIIOpHe KucejJuHe cy3bujajy ce XOZaTKOM XMAPOXMHOHA INIPU YeMy
HacTtaje no6po aedmHMcaH ranac. KoHIeHTpaumja XMAPOXMHOHA Mopa Aaa Gyae
aBa nyTta Beha ox KoHUeHTpauuje MoambaeHa. IlonyranacHu mnoTeHUujajd, y oa-
HOCY Ha JKMBMHY €JIeKTPOAY, 3aBMCM OA KOHUeHTpauuje Moaubaena (-0,282 V
3a 2,6.10—2 M u -0,345.10—*M) Kao M OA KOHUEHTpaLMje XMAPOXMHOHA O3Ha-
yaBajyhu aa MoaubGaeH y pacTBOpPy Aaje Buile oA jeAHOTr KOMIIJIGKCHOT jemu-
mbewa. PeayKuijom moambaeHa [0 NeTOBAaJIEHTHOr CTama Ca aCROPOGMHCKOM
KMUCEJIMHOM M CHMMameM TaJjlaca y NPMCYCTBY XMAPOXMHOHa aobuja ce wuctu
Tajac Kao M y IPUCYCTBY CaMO XUAPOXMHOHA.

III—8.

CIIEKTPOPOTOMETPUICKO MCIIUTUBAIBE KOMIIJIEKCA
BAKPA U XUIPOXMHOHA ¥ KHUCEJIOJ CPEIUHU

A. C. BECEJIMHOBHE 1 G. EL. INANI

Pusunxoresujcxu 3a800 ITpupodno-marexmaTuuxoz g¢haxyarera, Beozpad
U MNCTUTYT 3a TEMUJCKA, TEXTHOAOWKA U MeTAAYPULKG UCTPadcusarsa, Beozpad

W3 npomene cnektpodortorpamMa ca pH, Job-oBe Meroame u mpuaarobene
Nach-oBe mMeTose yrBpbeHo je ma 6akap M XMAPOXMHOH Yy KMCEJIO] CPeauHM
rpaie KOMIUIEKCHO jeaMiber-e ca OAHOCOM KommoHeHata 1:1. Oxrosapajyha
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cdopuyna rommniaekca je (CuHQ)t. Oapebena je KoHcTaHTa CTaGMIHOCTM KOM-
naekca, pK = 7,04, npu joHCcKO] jaumuum p = O Ha coBHOj TeMmepaTypu
(18—20°C), ka0 ¥ MOJapHa ancopnTMBHOCT @ = 5.83 3a A = 620 nm. ¥ Hey-
TPaJIHOj CPeAMHM HacTaje HEePaCTBOPHO KOMILIEKCHO jeammbeme.

I1—9.

PUSNYKO-XEMUICKE BEJUYUHE 3A CUCTEM
KYIIPUCYJIPAT-CYMIIOPHA KUCEJVMHA-BOJA. II

C. BOPBEBURA. M. IIJEHIYUAR, 3. CTAHKOBUR u B. IVEBURA
Hucruryr 3a 6axap, Bop u Texnoaowxo-uerarypuxu gaxyarer, Beozpad

3a cucreM KynpmucyiadaT-CyMIIOpHA KuceJuHa-BOAa oApebeHu cy: ry-
CTHMHA, BMUCKO3MUTET, cneumduyHa eNeKTPU4YHa NPOBOAJLMBOCT ¥ HANOH nape
3a MHTEpBaJl TeMIepaTypa M KOHLEHTpaumja Kynpucyiadara M CyMIOpPHE Ku-
cenuHe, KOjU OAroBapajy eJeKTPOMUTY 3a eJNeKTPOJIMTHMYKY paduHaumujy
6akpa. Oraenu cy u3BeseHu 3a Temmneparype 45, 50, 55, 60, 65 u 70°C, nok ce
KOHLIEHTPaluuja CyMIIOpHe KuceauHe Kperana ox 1,5 mo 2,5M, a KOHLeEHTpauMja
Kynpu joHa ox 0,5 mo 1,0M.

3a rycTMHY o, BMUCKO3UTET 7, M ceM@PHUYHY eNeKTPUYHY IPOBOAJbU-
BOCT » 3a 3aBMCHOCT OX KOHIIEHTpauLMje CYMIIOpHE KuceauHe pobujeHe cy ciue-
nehe penaumje:

p=a-+b- Cy,so, ¢))
n=a-+b-Cuso,+ ¢+ Ciiys04 (2
x=a +b- Cr,s0,+ ¢+ Chyso, 3)
3a 3aBMCHOCT Of KOHLIeHTpaumje Kynpu joHa aobujeHe cy ciaepehe penanmje:
p=a+b-Ceut “)
n=a+b-Ccu+ ©)
x=a+b-Cc“g++c-C<2;uz+ 6)

Koeduunjentn a, b u ¢ Koju ce nojaBmyjy y jemHaunnama 1 no 6 cy oape-
benn 3a Hanpen HaBefleHe TeMmnepaType M KOHLEHTpauuje Kynpu joHa M cym-
NMOpHe KMCeAMHE MeTOJAOM HajMamMX KBaApaTa M MPUKa3aHU Cy y OAroBsapa-
jyhum tabGamuama.

HanoH nape npu KOHCTAHTHO] TeMIepaTypuM MNPaKTU4YHO Ce He Mema y
NoCMaTPaHOM MHTEPBaJly KOHIEHTpPauMja CyYMMOpHE KuCelMHe M KYynpy joHa.

Hobujenn pesyaraTi omoryhyjy mM3paay HOMOrpaMa, €KOHOMWYHMje BO-
bewe mnpoueca eJeKTPOJUTUYKe paduHaumje, ersaKTHMje npopayyHe Nnpu INpo-
JEKTOBalby HOBMX INOCTPOj€Ha 33 €JIeKTPOJUTHUYKY pachuHaIMjy, Kao U peralb-
HKUjy aHaamnly @PU3NYKOXEeMMjCKMX ocobuHa oBora CHUCTeMa, a TUME KOHIeH-
TPOBaHMX PacTBOpa €JIEKTPOJIMTA YOILITE.

4%
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in—1o.

EMMCHUOHU EJIEKTPOHCKMU CIIEKTAP :C!80+ MOJIEKVJIA.
I HETATUBHU CUCTEM

J. JABBHA, . IIEIINR x . JAHKOBURA

Texnoaowxu ¢Ppaxyarer, Hosu Cad u HMNCTUTYT 3a HYyxaeapne wayxe
»Bopuc Kudpuu®, Bunua

W3mepeH je I HeraTMBHM cucteM 2C!8+ Mmonerysna y o6Gasactu om 2080-
3200 A. CnekTap je eKcUMTMpPaH y II€BM 3a IPaXKiEme ca rpaMTHOM LMJIMH-
APU4YHOM KaTOAOM Koja je caapxaJja cmeury !2C80 u xeamujyma. Criekrap je
cHuMJbeH Ha 6 m Ebert-oBoM audpakimonoM cnekrorpady. MamepeHo je m3o-
TPDONICKO MOMepame M M3payyHaTe OCLMJIATOPHE KOHCTAHTe, 4YMMe je IOTBp-
bena paHmja npernocraBka za je CO emuTep MCIIMTMBaHMX TpaKa.

III—11.

BUBEPAIIMJCKN CIIEKTPU AINYKATA HEKUX '(PUXAJIOTE-
HUIOA EJEMEHATA IIETE TJIABHE BEPTUKAJE IIEPUOI-
HOT CUCTEMA CA TPUPEHUJIDPOCDUH OKCUIOM
U TPUPEHWIAPCUH OKCUIOM

I XAIIM » C. MMWIMREB
Oddelek za kemijo, Fakulteta za naravoslovje in tehnologijo, Ljubljana

M3onoBaHu Cy MOJEKYJICKM aAYKTM HEKMX TPMXAJIOTeHMAa ejeMeHaTa
IIeTe rJiaBHe BepTHKaJle NEePHMOXHOr CHMCTEMA Ca OPraHCKMM OKco-6a3zamMa Tpu-
deumncochur oxcmaom u TpudeHunrapcuH oKCHMAOM. CHMMJbEHM CYy PaMaHCKM
¥ mHpanpBeHu crekTpu ox 70 cm—! no 4000 cm—!. IToka3aHo je, U3 NPOMEHAa
y BaJseHIMjcKuM Bubpalmjama OKCO-rpymna, fia A0 KOMIJEeKcaunMje nojiasyu npe-
KO KMCEeOHMKa OKco-6a3ze. M3 mojaBe HOBMX TpaKa Yy CIIEKTPY, NPHMIIMCAHMX
BubpauMjyu KMCEOHMK-eJIEMEHAT NneTe BepTMKaJe, Ka0 M U3 NPOMEHa y CIEeKTPY
CaMOT TPMXAaJIOT€HMAA, U3BEAEHM CYy M3BECHU 3aKby4dllM O peJlaTMBHOj jaumMHU
MebyMoJteKyJicKe Be3e M 0 00JMKy Aedopmanuje n0 Koje A0Jaa3u y MOJEKYIY
TpUXaJoreHMaa NMPMIMKOM CTBapama aiayKra.

II—12.

BUBPALIMOHA AHAJIM3A 110 HOPMAJIHUM KOOPIAVHA-
TAMA 3A BUEPAIIMJE ¥ PABHU TUMEPA
TPUXJIOPCUPRETHE KUCEJVHE

I. XAIIM, M. OBPAIOBMER, I1. TPAMIIVX u J. KUIPUY
Hucruryr ,,Bopuc Kudpuv“, Jbyb.rana
BubpaiuoHa aHanu3a 10 HOPMaJHMM KOOPAMHATaMa BpIIEHa jé Ha OCHOBY

Wilson-oBe GF matpuune meroze (1, 2) n moancukosaHor Urey-Bradley-esor
noTeHuMjaNsHoOr nosba (3).
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CHMMJbEHM CY M aHaJM30BaHM MHdpaupseHn U Raman-oByM CneKTpu AU-
Mepa TpuxJopcupheTHe KuCeJlMHE M HEHOI AeyTepMCAaHOr aHaJora.

W3payyHaBame BUGpaLmMoHnx ppeKBeHLM, Ka0 M KOHCTAaHTM CJa BPIIEHO
je Ha IBM 1130 pauyHapy y3 ynorpeby Moamcpuxosasor Schachtschneider-osor
nporpamMa. Takobe je mM3payyHara M pacnojena IOTEHUMjaJHe eHepruje mno cu-
METPMjCKMM KOOpAMHATaMa IUTO HaM je, ca jefHe CTpaHe JAajlo0 YBUA Yy MO-
ryhHOCTM Mellama u3Meby pasanyuMTX (PPEKBEHUM, a ca Apyre CTpaHe AaJo
MOTBPAY aCHUrHaumje creKrapa.

KOHCTaHTOBaHO je OAJMYHO cJjarake u3meby mapavyHaTHX ¥ EeKCIIepH-
MeHTanHUX @pekBeHIM. IIpoceyHa mNPOUEHTHA rpeiuka 3a 40 nocMaTpaHuUx
dpexBenuyn m3HOCHM camo 1.0.%,

Takobhe je u3BplIeHa aJlaHM3a M3PayyHATMX KOHCTAHTM CMJia Kao U yTo-
pebuBame MCTUMX ca NPETXOAHO M3PavyyHATMM KOHCTAaHTaMa 3a MOHOMED TpMu-
xJyopcupheTHe Kuceause.

E. B. Wilson, J- Chem. Phys, 1, 1047 asw)
T, Shimanouchi, J. Chem. Phys., 11,[:31(1.0)

1
1 ]
3

m—13.

YTUIIAJ PEXVMA CUHTEPOBAIA HA ®JYOPECIHEHTHE
CIIEKTPE JJYMMHECHEHTHUX MATEPUJAJIA HA BA3U
3EMHOAJIKAJIHUX CYJDPUITA U CYJIDPATA

X BOPBEBUWAR, K. HUKOJIMA u 4. IETPOBHEA

IIpoyuaBaH je yrMnaj TemMmnepaType M BpeMeHa CMHTEPOBaH-a Ha eHeptujy
dayopecuueHTHOr 3paderma TpM JyMuHodopa Ha 6a3y cmele 3eMHOAJKAJNHUX
cyacduna u cyandarta. IIpeu aymmuuHodop 6muo je 6e3 mpumece JaHTaHMAa, a y
Apyra aBa je audys3ujoMm yrpabeHa y KPUCTAJIHy pelLUeTKY OCHOBHE Mace eKBM-
BaJICHTHa KOJMYMHA eyponujyMa yu npaseopujyma. Temmneparypa CMHTEpOBama
Bapupajna je y oncery ox 650—750°C, a BpeMe cuMHTepoBama M3HOCHIIO je 5 mo
30 MmHyTa.

I1—14.

ITPOYYABAIGE CTEIIEHA TEPMUYKOI PA3JIATAIBA
CMELIE KAJIIMNJYM KAPBOHAT — CTPOHIIMJYM
KAPBOHAT ¥ ITPOTOYHOM CUCTEMY

Y. IIETPOBUR, I. BOPBEBNR u A. CTEAHOBHE

TIpy TepMMYKOM pa3Jiaralksy CMelle KajauujyM KapGoHaT-CTPOHLMjyM
KapOoHaT, ¥y NMPOTOYHOM CHCTeMY, YOUMJaM CMO MojaBy moBehama cTeneHa pa-
3jlaraka y OAHOCY Ha CTeNneH pasJjiaramka, KOju ce Mpu MCTMM YCJIOBUMA
ocTBapyje KOZ YMCTOr KaJiujymM KapboHaTa ORHOCHO YMCTOr CTPOHIMjyM Kap-
GoHaTa. MciuTBaHa je cMella Ox 4 TeX. Aesia CTPOHUMjyM KapGoHata M 1 TeX.
Aena Kajaumjym KapbGoHaTa, y omncery TteMmmneparype ox 650—1100°C, Toxom
BpeMeHa ox 5 no 90 mMuHyTa.
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mI—1s.

YTULAJ PETKUX 3EMAJBA HA ®JYOPECHEHTHE CIIEKTPE
JIYMMHOPOPA HA BA3U CMELIE CVYJIPUIA
M CYJIPATA 3EMHOAJIKAJIHUX METAIJIA

Y. B. IETPOBUR K. H. HUKOJHMER » I. II. BOPBEBHR

Y oBoM paay mnpoy4aBaH je yTMiaj NMPMCYCTBa €KBMBAJIEHTHMX KOJMYMHA
IeT PeTKMX 3eMaba Ha bayopecueHTHe CnekTpe JyYMMHECUeHTHMX MaTepMjaja
Ha 6a3y cmeme cyacduaa u cyiadara u cyndara 3eMHOANKAJHMX MeTaJja.
YTBpbeHa je 3aBMCHOCT CIeKTpaJiHe pacropelie Ox BpcTe mpumece M oapebenn
Cy NOJOXKaju MaKCHMMYMa MHTeH3uTera QayopecuesHumje 3a mmecr ¢occgopa.



IV. METAJIVPTHJA

IV—I1.

EKCIIEPUMEHTAJIHA UCTPAZKMBAIbA U ITPAKTUYHA
PEAJIMSAIIMIJA TIPEPAJE 2KMBUHE PYJE
HIIYIIJbA CTEHA“ ABAJIA

M. CIIACHB, A. BYYYPOBHE u M. WIINR

Texnoaowxo-meraaypwxu gaxyarer, Beozpad

¥ paay je m3noxken npernen jaabGopatopujckmx u yBehaHux nabGoparo-
PHJCKMX MCTPaXXuBaka Ha mnpobjeMy mnpepaje XMUBMHE DYZXRe, JIOKAaJIUTETA
HlIymba Crena“, Apasna. Ha 6a3u mOCTUrHYTMX pe3yJiTaTa yCBOjeHa je TexHO-
JNIOIIKa IlleMa I[pepaje pyAe, fAaTa EKOHNeNmMja 3a u3rpaglmy M usrpaheHo
nocrpojeme 3a pobujame xuBe u3 pyne. IlocTpojere je mymuTeHO y INOroH.

Iv—a.

KOHIEHTPAIIMJA MHINJYMA ¥ PACTBOPY
EKCTPAKIIMJOM OPTAHCKUM PACTBAPAYJMA

B. BYPKOBUER un . CMHHAIMHOBHUER

¥ paay cy npukKa3aHM pe3yiTaTM MCNIMTMBaH-a KOHIUEHTpauMje MHManjyma
¥ CHMpPOMAILIHMM paCTBODMMA, €KCTPaKuujoM erminectpom O6eH3o0eBe KucesnHe
U AveTMIXeKcua docdopHOM KuceamHoM. PacTBop Koju je KopuinheH 3a KOH-
LeHTpanujy MHAuMjyMa ROOMBEH je JymXemeM MyJba OJ EeJNIeKTPoJau3e IMHKA.
HMcmraH je onTHMMasiaH ofHOC ¢ha3a NMpM eKCTpaKUujM, BpemMe Meluamka M pa-
cojaBamba pa3za, Kao M onTUMaiaH oaHoc dha3a NMpPM PEeRCTPaRLMju MHANjyMa
u3 opraHcke caze. Peecrpakiuuja je m3sobena 6—9N coHom Kuceaunom. Pe-
3yATATH MCIIMTHMBaKa IOKa3yjy Aa ce eKCTPaKLMjoM eTtunecTpom GeH3oeme Ku-
cenuHe noctuxe HajBehe oGoraheme pacTtBopa mHAMjymMoM 3a 80 nyTa, JOK npu
Kopmthewmy aueTMaxekKcua ¢ocopHe KHUCENIMHEe Kao eKCTPaKIIMOHOT CPeACTBa,
TIOCTHIKE Ce CTemeH KOHUeHTpauuje ox 600 mo 800 myra. Uckopuimhewe MeTana
NpM eKCTPaKLMjM M PeeRCTpakuMju je BeomMa BUCOKO (90—95%bo).

PactBop nobuBeH oforahuBameM MHAMjyMa NPOLIECOM €KcTpaKuuje ca
auerTmaxercun ¢ocopHOM KUCEJMHOM MOXKe Ja ce KOPUCTHM 3a AUPEKTHO
u3nBajame MHAMjyMa.

55
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IvV-—-3.

IHEBHU PEAKTOP U JIYZKEIBE BOKCUTA BAJEPOBUM
ITPOIECOM Y HBEMY

C. MAPKOBHE — P. BPAYAP

MUTMC Beo:pad u Texnoaowro-merarypuxu dhaxyarer, Beozpad

Y HoBuje Bpeme BajepoB mporec aykewma GOKCMTA y LIeBHMM peaKTOpMMa
CBe Buille NMPMBJayu Naxmy. Jl0 caga credyeHa saGopaTopujcKa MCKYyCTBa YKa-
3yjy npeMa JuTepaTypHMM MOAalMMa Aa Ceé OBAaKBMM HauMHOM u3Bohemwa pa-
AUKAJIHO Memajy MokKasaTesbu mnpoleca. Y pagy je maT oCBPT Ha 3aKOHMTOCTM
HEroBOr OfiBMjara M M3JIOJKEHe KapaKTepMCTHMKE pellewa M paga JjJaboparo-
pujckor peakTopa u3BepseHor y UTMC-y Beorpagz.

IV—4.

JOBUJAIBE PEPO-CUIIMKO-AJIYMUHUIYMA
EJJEKTPOTEPMMYKOM PENYKIIMJOM BEJIOI' BOKCUTA

‘B. IBETAHOBUR

JMHCTUTYT 3a TeXHOA02UjY HYKACAGDHUT U OPYIUT MUHEPAANUT CUPOBUNA,
Beozpad

V3BplIeHN Cy ONMMTHM €eJIEKTPOMAIIMHCKe peaykinije Genor Goxcura y Jja-
CHparopujcrkoj morcdassoj nyqHoj nehu. Jobujenm pesysaratu ykasyjy na ce
n3 Genor Gorcura Moike aoburm Al-Si-Ti cdbepo-aerypa, Koja ce Moxke ymno-
TpeOUTH Kao KOMIJIEKCHM AE30KCUMAATOP Y NPOM3BOAMKM 4deauKa. ITocTynak ce
MOJK€ CMaTpaTy €KOHOMMYHMM, jep 3aXTeBa MaibM YTPOLIAK eJIeKTPpUMYHE eHep-
ruje no jeaAMHMIM aJyMMHMjyMa CaApXKaHOj y JIeTYpM y OAHOCY Ha YTPOIUEHY
eHeprujy Inpy eJeKTPOJU3M TIIMHULIE.

IV—5.

ITPUJIOT ITPOYYABAKY IIPOILIECA XJIOPOBAIHA, HUKJICU-
JIMKATA Y1 MOT'YRHOCTHU IbEI'OBE MHTEH3UDUKAIIUIJE,
TACOBUTUM XJIOPOM

I BYYYPOBUR u H. HINA
Texrnoaouixo-ueTarypwxu ¢paxyarer, Beozpad
HuRN ce y HMKJIOHOCHMM JKeJIe3HO-CWIMKATHMM pyaama, Koje cagpxe

10 1% HMKJa TpeTeXHO jaBba Be3aH y BMAY CMJINMKAaTa, TaKo Ja M3BEefeHa
WUCIIUTUBara 3aKOHMTOCTM MOHAIAHka HMKJI-CHMIMKATA NPEMa TaCOBUTOM XJIODY
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uMajy mnopea Teoperckor M oapeheHu mpakTU¥HM 3Ha4yaj. OcuMm Tora y paxy
CY AaTH M pe3yJTaTy MCIMTHMBalba MOryhHOCTM MHTeH3udMKaIMje nmpoueca xJjo-
poBamha HuMKJI-cyIMKaTa. Ha 6a3u u3BeneHMX MCIMTHMBAIbA M CarjefaBambeM
KMHeTHKe mpoleca, AaTe Cy 3aKOHMTOCTM MOHAUIaka HHUKJI-CMJIMKATa IpeMa.
racoBUTOM XJOpPY, 3a KopuurheHe pajaHe ycJoBe.

IV—e.
TOIIVBEIbE HUKJIOHOCHUX 2KEJ/BE3HUX PYIA
B. I. IOTOMEPAI]

Texnonowxu Paxyarer Cseyuuauwra y 3azpeby, Meraaypwxu odjea Cucarx

Hagrop ysoja a MoryhHocTHMMa npepaje jyrocJOBEHCKMX HMKJIOHOCHMX
XKebe3HMX PYAa, Aaje ce MpMKa3 NPAKTUMYHUX DPafioBa HA HUXOBOM TOIUBEHY
y eNeKTpo- U y BMCOKOj nehy, BplIeHMX y HALIOj 3eMJbM.

Onmc HauMHA TOMJbEHa THUX DyJa, ca pPa3sHMX HajasMiTa y Te ABMje-
BpCTE arperaTta, ca CBMM NoTpeGHMM mnoxa3aTe/buMa pajia, Aa0 HaM je mperaen
MoryhHOCTM BapMjamja paja ¥ MOTryhHOCT OljeHe KBaJMUTeTa ITPOAYKTa, Te:
ol jeHy €KOHOMWYHOCTH.

O63MpOM Ha peJIaTMBHO MaJieHe MOryhHOCTM AMPeKTHOr Kopuuthewa npo-
M3BEAICHOT KBAaJWUTEeTa XXeJbe3a y Hallloj 3eMJbl, NMUTake MCKOPMINTAaBama jy-
FOCJIOBEHCKMX HMKJIOHOCHMX IKebe3HMX DpyAa OcTaje M JAabe BeJMK M jOur.
HepujemeH npobGaem.

1IV—-1.

YTUIAJ OKCUITAIMOHE TACHE PA3E HA MOTYRHOCT
YKIABAKBA CYMIIOPA U3 CUCTEMA I'BOXKBE-TPOCKA

H. TAKOBUBR, Jb. HEIEIbKOBUAR, II. BOTOCABJbEBUR 1 A. SJABUHL

Texnoaowxo-seraaypuxu daxyarer, Beozpad u HHCTUTYT 3a Temujcxa,
TeTHOAOWKA U MeTaAypwxa ucrpaxcusara, Beozpad

JlabopaTopMjCcKa MCIMTHMBAMK:A IIOKa3yjy Aa ce peakuuja npeBohema cym-
nopa u3 reoxba Kpo3 HeyTpaJIHy TPOCKY BucOKonehHor Tuma oxsBuja Ge3
cMeTsu Ha 1400°C. latv cy maTepujanHmM GuiaHCHM cyMmopa 3a HM3 MCIIMTHBA-
Ba M AUCKYTOBaHM Cy Ha 6a3yu MexaHM3Ma peakiiMje Ipejacka cyMmopa M3
rBoxba y TPOCKY M M3 BuCOKonehHe Tpocke y rac MOryhM KOHTPOJHM ¢haKTOPH
6p3uHe cJOXKeHe peaKuyje IpeBobewma cyMmropa M3 rpoxha Kpo3 TPOCKY ¥
OKCHAAUMOHY racHy dasy.



58
IV—8.

YTULAJ ITIOCTYIIKA AE3O0KCUITAIMUJE U PE2KMMA 3ATPU-
JABAIbA MHI'OTA HA TEXHOJIOIIKY IIJIACTUMYHOCT
YEJUKA C.1190

B. IETPOBHR 1 XK. CTEQPAHOBHUER

Pydapcxo-serasypuixu Paxyarer, Bop u CUK Kemesape ,Bopuc Kudpuu®,
Huxwuhk

Vcnuranyu Ccy y3pouM HMCKOr M3BaTKa rpeAMiia NMpM BaJbalby MHIOTa Ye-
mmka C.1190 (0,06—0,12% C; 0,10—0,40 Si; 0,50—0,90% Mn; 018—0,26% S), Kao
M yTMUAj pexuma 3arpujaBama MHroTa U Ae3oKcupaumje ca BehoM KOIMUMHOM
aXyMMHMjyMa Ha TEXHOJOIUKY IUIaCTMYHOCT, M yTBpheHo je cnenehe:

1) HM3aK M3BafaK rpejulua, KOju je ocTBapMBaH NPHM JAe30KCHMAALMju uHe-
amnxa ca 4 kp/t depocuauumjyma (75%) u 1 kp/t anymmumjyma, nocaeauua je
HeyjeaHa4yeHOr CTemeHa Ae30KcHAanuje;

2) Ay’e 3aApKaBalk€ MHroTa Ha TEMIIepaTypM 3arpujaBamka CMamyje
KPTOCT 4YeJMKa NIPpMU Balbalby;

3) npu ne3okcupmauuju ca 1,5 kp/t anymmamnjyma m 2 kp/t depocuampr-
jyma (75 %) nocTmKe ce yjeaHaueH M AOBOJbLHO BMCOK CTENEH Ae3oKcupanuje
U 3apoBoJbaBajyha TEXHOJIOMIKA IJIACTMYHOCT;

4) nosehan cajapmxaj anymuHujyma y deauky ao 0,04%, npu onTHMMasTHOM
<CTeneHy CcyAdMAHMX YKJby4daKa, He cMmamyje cmocobHoct ofpaze uweamka Ha
ayToMaTHMa.

IV—9,

IMIPUJIIATOBABAIGE NEMA-TECTA 3A OIIEHY
CIIOCOBHOCTHU ZKAPEHKA BE3KMCEOHMYHOI' BAKPA

M. IIEIIIMAR, C. TOXOPOBHE, B. MMJIEHKOBHWA u M. JOBAHOBUR

Texnorowxo-MeTarypuwku ¢gpaxyarer, Beozpad

Y npBoMm pmeny paga onucaH je opurmHaaHu NEMA-tect, Kao MeTona 3a
MCIIMTHMBaKke OMEKIaBaka JIaK JKMIe y npouecy Jakupawa. VMcra oBa Meroaa
Jje uckopmitheHa npBM nNyT Kao MOryhHOCT oOlemMBaHa CHOCOGHOCTM JKapera
Koa xkuue on 6e3kuceonnyHor 6aKpa, Kao KOHTPOJHA MeToja oapehuBawma KBa-
auTera wirebara mo 1mapmama. Y HacTaBKy paja npuKasaHuM Cy M NHPBU
€KCNepMMEHTAJIHYM pe3yJITaTM IIPUMeHe OBe MeTOA€ 32 OLEHY cnocoGHoCTH
Kapemwa 6e3kuceonmyHor Gakpa, nIpyu ueMmMy Cy BpIUE€HAa M yrnopeaHa oapebu-
Bakha MEXaHUMYKMX KapakKrepuctuka. McrnmtuBama cy obyxBaTuia pa3nuymTte
creneHe XxJagHe aedopMmaumje y oncery on 84 no 99% xjamHoOr M3BJIaderba
6e3kuceoHnyHor 6akpa, o63upoM aa je oBaj aujana3oH aedopmaumja on rmo-
<e6HOr TeXHOJIOIUKOTr MHTepeca.
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Iv—10.

YTUIIAJ OJIOBA ¥ BE3KMCEOHUYHOM BAKPY
HA TEMIIEPATYPY PEKPUCTAJU3ALIUJE

C. TOLOPOBHNA

Hnoycrpuja xabaosa, Csero3apeso

¥Yruuaj onosa y ETP Gakpy Ha TeMmMnepaTypy PeKpucranmu3aimje je BpJo
Majau, a BpJO 3HadajaH kox GeskuceonnuHor Gakpa. OBaj papx mocsehen je
ToM npobinemy. ITocebHe Tewukohe HacTrajy ca »kxapew-eM GakapHe Xuue ejieK-
TPOTPONMHMM HAYMHOM Y JMHMjU Ca KOHTMHYMPaHMM M3BJIayeleM, Y LiMby XRO-
6ujurba MeKe JXuile, KoA caapiaja oapebeHux KOHUeHTpauuja onoBa y 6es-
KnceoHM4yHoM Gakpy. ITojaBe Be3aHe 3a nobujamse HeogXKapeHe JKHlle YCIOBUJIE
Cy 4YMTaB HM3 MCNIMTHBAH-a Y TOM AOMeHYy. JesaH on edekaTa CBMX THMX MCIHU-
THBalba YyTMIaja Ha peKpucraansaimjy Oe3ruceoHmyHor Gakpa, 6mo je u
yTBphMBame TeMiiepaType peKpucTaaulanuje, Kao M u3paja AujarpamMa peKpu-
cranu3anMje 3a pas’auyYMTe KOHLEHTpauuje onoBa y OGe3kuceoHmnyHoMm Gakpy.
OBo m3narame Guhe Be3aHO 3a caM MOCTyNMaK OKO uM360pa pa3iiMuMTHX KOH-
HeHTpaumja ojoBa y 6akpy, 3a Merofe MCIMTMBaKha, aHajAu3e pe3yJTara U
MHTEeprpeTalnMje amujarpamMa peKpucTaiausaumje.

IV—I11.
YTUIAJ PAKTOPA OBJIMKA HA TOK KAPEHA Al JIMMOBA
M. [IEIINB, C. BUWINRA, H. BOPOHIIOB 1 B. MMJIEHKOBUR
Texnoaowxo-MeTarypuixu ghaxyarer, Beozpad

Y npouecy 3aBpPILUHOr JKapewa aJyMMHMjyYMCKMX JIMMOBA, IOpeR YCJoBa
JXapew-a Ha TOK npoleca xkapemwa M 0co6MHe XapeHMX JIMMOBAa 3HATaH yTHUIAj
mMa ¥ ¢axrop obsmka. IIpu osome ce mnoa dakropoMm obamka IoapasyMeBa
3aBMCHOCT mpoueca nperxoaHe anedopMaumje m ocobmHa aedopMaunmjoM OTBpPA-
HYTOr JMMa OX mnoJia3He M 3aBpuHe AebibuHe, Koja ce pedaekTyje 1 Ha oco-
6uHe JMMa nocje JXapemwa. Y paay cy INpMKa3aHM eKClepMMEHTaJIHM pe3yJiTaTH
MCIUTHMBaKa yTMilaja dakropa obamka Ha MexaHM4YKe ocobGyMHe M TOK Ipoueca
JKapewa JaumoBa y omncery mebmuua 0,3—0,05 mm. M3 mctux npomsmaasyu faa
ca nopacToM 3aBpiuHe jeGJ/bMHe JMMa oOmaja TeMmnepaTypa MeKOr iKapewa y
nedbuHMCAHOM oncery mperxoxHe xJanHe aedopmaumje. Koa ogpebeHor oxHoca
BenuuMHe xJjanHe necdopmanmje m 3aBpuiHe ne6GibMHE JMMa TEILIKO je ocTBa-
PUTH TIOTIIYHO OMEKIHIaBal-€ MeTajla y Npolecy JKapewa, 063upoM aa Bpex-
HOCTM MEXaHUYKMX o0eobMHa OcTajy y AOMEHY IojeAMHMX OTBPAHYTMX CTaiba.



V. TEKCTHJIHA XEMHJA H TEXHOJIOI'HJA

V—1.

IMPOYYABAKBGE MOT'YRHOCTU IMPUMEHE XEMUJCKUX
ATEHCA KAO JETEKTOPA IMPOMEHA VY CTPYKTYPU
IMOJIMKATTPOAMUIHNX BJIAKAHA

P. JOBAHOBMAR u# H. CJIABEJKOB
Texnoaowuxo-serarypuwu gpaxyarer, Geozpad

Kao mro je nmo3nato ¢ra3za mcreszama je jeaHa ox Haj3HauajHMinx daza
Y NPOU3BOAM MOJMAMMAHMX BJIAKaHa, MPM KOjoj Aosa3mM KO BEJIMKMX ITPOMEH2
Y CTPYKTYpPU M ocofuMHamMa BJIaKaHa. 3a MCIIMTHBAILE ITPOMEHAa Y CTPYKTYPH
YIJIaBHOM Cce KOpMCTEe MeTOAe CTPYKTYDHe aHaju3e Koje 3axTeBajy CKYIOIeHY
onpeMy ¥ MHOro BpeMeHa 3a npumnpeMmy y3opaxa. M3 oBuMx pa3yiora Kao npegp-
MeT Haluer paga 6uao je m3yuaBame MmMoryhHoCcTM npuMeHe yobuuajeHmx xe-
MMJCKMX areHaca Ha JeTeKLMjy MpOMeHa Y CTPYKTYPM IOJMKAITPOAMMIHUX
BJIaKaHAa KO KOjUX A0JA3M Yy TOKY MCTe3ama,

WcnutuBalbe je u3BefeHO Ha Supralenu — BJIaKHY NPOM3BEACHOM y MH-
AYCTPUjU CUMHTETMYKMX BJaKaHa ,Ilporpec y IIpu3apeHy, N0 KOHTMHYaJIHOM
npouecy MpoU3BOA:E,

IMapTuje cBexe dopMupaHMX BJIAKaHA Ca PA3NMYUTHMM CaAprKajeM HMCKO-
MOJIEKYJICKMX dpaKuuja manaraHe Cy pas3jiIMYMTOM BpeMeHY KOHAMLIMOHMPAarmba
a 3aTMM MCTe3ala Ha Pa3jIMYMTHM TeMIlepaTypaMa y Pa3HMM CTEeleHMMa ucre-
3awba. Kao xeMijckyu areHcm KopuitheHe cy HEKe OpPraHcKe M HeOpraHcke
KHUCeJNIMHe, Ka0 M HEeKa [Apyra OpraHcKa jefumema. YTuiaj oBUX peaKTHMBa Ha
BJIAKHO npaheH je MMKPOCKOIICKMM ITyTEM M PEeruMcTpoBaH Ha GUIMY.

V—2.

YTUIAJ ITAPAMETAPA UCTE3AIBA HA OPUJEHTUCAHOCT
IIOJIMKAIIPOAMUIHUX BJIAKAHA

P. JOBAHOBUMA, I'. CTABEJKOB u A. JIV4YNRA

MuCcTuTyr 3a xreMmujcxa, Ternoaowxa U MeTAAYPWKAG UCTpaxmcusara, Beozpad
u ,JIIpozpec” — HMHOycTPUja CUMTETUMKUX B8aaxana, ITpuspex

HcmituBaH je yTuuaj npeaucTopMje BaKHa, caapKaj HUCKOMOJEKYACKHX
¢dpaKuMja ¥ BpeMeHa KOHAMUMOHMPAakhba, Ha IIOHAUIALe INMPYU MCTe3arby IMOJH-
KanpoaMMAHMX BJakaHa. Opf napameTtapa mnpoleca HMcTe3arba BapupaHu cy
CTerneH M TeMnepaTypa MUcTe3ama y 3aBUMCHOCTM O NpeaucTopuje BHaKHa.
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Mcrmmteama cy u3BeaeHa Ha Supralenu — pomaheM noamMaMupHOM
BJAKHYy npomu3BefeHOM Y WHAYCTPMjM CMHTeTHMYRMX BJaKaHa ,llporpec* y
TIpu3peHy N0 KOHTMHYAJIHOM NpOLECY IPOM3BOAE.

Kao mnorazaresr mnpoceuyHe OPMjEHTHMCAHOCTM aMOPHMX M KPUCTANHMX
noapydYja, oapehuBaHO je AOBOJLHO NpejlaMam€ — NPHMEHOM MHTepdepeHIo-
He MeToje.

V—3.
KAJEMJ/bEEbE BYHE BUHUWIHUM MOHOMEPUMA

P. JOBAHOBUR

Texnoaowrxo-serarypuxu ghaxyarer, Beozpad

IIpoywyaBaH je yTiMuaj mapamerapa peakluje Kajem/berma (TeMmepaType,
BpEeMeHa M KOHIIeHTpauMje MOHoMepa) Ha GpP3MHY M CTeNneH KajleMJbema HEKUX
BMHMIIHMX MOHOMEpa Ha BYHY Pa3HOr KBaJHMTeTa.

Kao mmammjaTopy peakimje KajleMJberha Kopuuthenu cy, nepcyiadary, Bo-
AOHMKNEpoRcHA ¢depo COMM, BOAOHMK IIEPOKCHA M Apyra jeaumwem.a. Kanemibe-
Bbe je uM3BOheHO y BOAeHMM pacTBOpmMMa y uam 6e3 mpucycrsa cpeacraBa 3a
Gybpee ByHe y 3alUTUTHOj aTMocdepn.

Kao EKpurepujyMm npoMeHa y BYHM IO KOjuX JoJia3M IIOK YTHLajeM
CpeAcTaBa 3a MHMIMpale peakijMje MJIM APYIMX AojaTaKa M cagprkaja moan-
Mepa y BJIAKHY yY3MMaHe Cy NpoMeHe Yy HeRKMM (DHU3MKO-MeXaHMYKuM Oocoby-
HaMa OyGpen-a M pPacTBOPJBMBOCTM Yy HEKMM XEMMjCKMM areHcmuMa.

Ox TecToBa pPaCTBOPJHLMBOCTH Kao KPuUTepujyMy npomMeHa KopuurtheHu cy
PacTBOP/BLMBOCT y ypeabucyndynury M nepMpaB/bOj KUCEJNMHM.

ITloka3ano ce Aa u3Meby cremeHa KaJjieM/beha BYHE M TeCTOBAa PacTBOPJbU-
BOCTM nocToju oapeheHa KopenamMja KoOja ce MoOXKe M3pasuTu OopMYJIoM
R A:a(l-e—b‘) rae je R, — mNpPOLEHTYaJHO CMamele pPaCTBOPJLMBOCTH; G —
napaMerap KOjM 3aBMCH Of BPCTe MOHOMepa; b — mapamerap Koju 3aBMCH O
ycaoBa peakmmje; ¢ — BpeMe KalleMJbemha.



VI. KEPAMHKA

Vi—1.
AOMPUHOC NMMO3HABAKY TEHE3E I'MIICHOI KAMEHA

C. CTOJAIMHOBHR

I'pabesuncxu ¢paxyarer, Capajeso

TlocToje TpU Teopuje O reHe3yu TMIICHOT KaMeHa. 3a CTPYKTYPHY Kapak-
Tepu3aunjy pa3IMYMTMX BPCTA TMIICHOT KaMeHa KOpMCTHIA caM AudepeHLM-
janHe — TepMMYKe aHaJau3e, PEHAT€HCKe aHajJu3e Kao M MMKPOCKONCKA MCIHU-
THUBaHa.

VI—2.
NMPUMEHA BEJIOT TY®A Y IEMEHTHOJ MHAYCTPUJU

II. CATIYHOB, M. MATKAJIMEBA u B. IIABJIOBCKHU
Texnoaowxo-seraaypuku gaxyarer, Cxonje

U3meby MHOrMX BYJKaHCKMX mnojaBa Ha noapyujy CP Makeaormje mno-
cebHy na)Kmy TpuUBJayM jegHa JocTa 3acTyn/beHa mnojaBa Genor Tyda us:
okoamuHe lliTMna M To Kao MaTepMmjaj — aKTUMBHM JORATAK TNOPTJAHA LIEMEHTa.

¥ ToM uuMby M3BpLIEHA CYy MCIMTHMBaka oBor Oenor Tyda M gobujenn
cy pe3yaraTM KOju mNnoKa3syjy Aa MCTM NpeAcTaB/ba MNYLOJAaHCKM MaTepujad.
JlokazaHo je pa osaj Geau Tyd, Koju je ckopo umct amopduHu SiO: mma
“3pa3uTa NyuoJaHCKa CBOJCTBA M Kao TaKaB je MOrojaH Kao aKTMBaH Aoaa-
TaK MNOPTJIAHA LIEMEHTY.

M3BpuieHa cy M LEJNOKYIIHAa MCIIUMTMBAaKa LIEMEHTa KOojuMa je AOAATO OX
5 nmo 80% Genor Tyda. HaBeaeHa McIuMTHME,A Cy fRajla IIO3UTHMBHE pe3yJiTaTe.
¥Ynopeno ca apyrmMm ucnutuBamkuma npaheH je u yruuaj Gesmor Tyda Ha
XMAPATaUMOHY TOIJIOTY LIEMGHTA.
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1. ANALYTICAL CHEMISTRY

I-1.

SPECTROMETRIC 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%.

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.
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I-3.

SPECTROPHOTOMETRIC DETERMINATION OF DIMETHYL
SULPHOXIDE

Z. 1. DIZDAR and Z. IDAKOVIC
Boris Kidrié Institute of Nuclear Sciences, Vinéa

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
(III)-chloride in aqueous solutions. Sensitivity of the method is small, but the
accuracy in the milligram region is quite satisfactory.

I—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 arc direct, except thorium determination,
where separation from lanthanum is required.

I—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.

I—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:

_g’i = kIPv] [H,0,] [H*]-"4 [Co?*]
4

The kinetic equation for the slow unacatalyzed reaction may be written as
follows:

~ % v
dt

The rate constants have been calculated: k = 0.98 * 0.02 X 10® and k, =
= 0.74 = 0.03 X 10—

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: Ciin>>0.65X10—3pug/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—3 to 13.0X10—3ug/ml cobalt have been determined.

The influence of the following foreign ions on the reaction rate has been
investigated: K+, Na+, Ca?*+, Cd2+, Cu?!t, Ni*+, Zn?+, Pb?+, Bi*+, Fe’+,
Cr3+, Mn?+, Cl—, SOs—, NOs—, CHsCOO—, C:04—.

5!
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I-1.

DETERMINATION OF ARSENIC(III) OR ANTIMONY(III) WITH
POTASSIUM DICHROMATE

V. VAJGAND, V. NIKOLIC and LJ. DURIC
Faculty of Sciences, University of Beograd

Potentiometric titrations of As*+ or Sb*+ in 3—8 N H:SO« od HCl 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—M 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—0.4% and a standard deviation of 0.2%.

I-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 wvs. SCE using rotating
platinum microelectrode. The titrations were performed in 0.5 to 8 N H:SO«
or 25 to 8 N HCl. 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%, and of antimony
from 0.6 to 20 mg with an accuracy of 99.65 = 1.02%b.
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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 Sctences, 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 /Pd(CHsCOO)4/*—.
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. 1.2.10'%, 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 mg Pd are
determined and 99.5 = 0.3% 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%/0 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%..

With the same method malathione, dimethoate, summithione, and mixtu-
res of DDVP and summithione were also determined.
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—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.

Rates of dissociation and association, the thickness of the reaction layer
and the diffusion coefficients of the ions were determined.

I—14.

DETERMINATION OF TITANIUM IN SOLUTION
OF HYDROQUINONE

G. EL INANY and D. 8. VESELINOVIC

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 H:SO« 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: H:Q
complexes. The polarographic method determined the rational stability con-
stants of the 1:1 and 1:2 complexes to be 5.75 . 10* and 1.8 . 10% respectively.

I—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 —19 V vs.
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 vs. 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.

I—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, Uniuversity of Novi Sad

Mono and polycarbonic acids were determined alone and dn 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%.

Using the same methods tertiary amines and salts of organic acids in
acetic anhydride containing 5% acetic acid were titrated with 0.1 N HCIlOe«
in acetic acid. Quantities between 13.5 and 40.2 mg were determined with
average deviations less than 0.3%.

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.

I—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.

I—18.

NEW INDIRECT DETERMINATIONS OF HYDROXYL-
AMONIUM CHLORIDE

B. VOCUROVIC 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 coulomefric 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.

I—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. 8. 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 hydroxylammonium salts was detectefi
either by the appearance or disappearance of the current.

J-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 Priftina

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 1%o.

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%.
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I—-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 titrant 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.

I—23.

DETERMINATION OF Hg?" 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?* the reaction between potassium jodide and hydrogen
peroxide in acidic medium, catalyzed by microamounts of molybdenum was
used.

When a solution containing Hg!t+ 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 Hg!+ (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 * 0.1°C 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 ten‘nperature. 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% (abs.), while by the conductome-
tric technique it is +3.6%.

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%. '

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 CO: 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 HCI.

The laboratory interferometer must be adapted for the titration as de-
scribed in the paper “Interferometric Precipitation Titrations“ [Glasnik hem.
dru$tva Beograd, 34, 261 (1969)]. Titrations were performed out of the interfe-
rometer cell in a vessel protected from atmospheric CO:. 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 thz solution
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examined. The procedure for determination of CO: was developed on artifi-
cial mixtures containing 0.7 to 9.5 vol.% CO: with nitrogen. The mixture of
gases was introduced into a 0.08 N solution of Ba(OH): and the excess of the
base titrated with a 0.3 N solution of HCl. The precipitate of BaCOs formed
during the introduction of CO: did not interfere since it was filtered off
during transfer of an aliquot of the solution to the interferometer cell. 1t is
possible to determine CO: at below 0.7 %(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% 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 acourate. Furthermore, this method is more
selective, since by determinations of CO: 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 Bs) 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:SOs. 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 HClOs. 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—217.

DETERMINATION OF CARBON AND HYDROGEN IN ORGANIC
COMPOUNDS CONTAINING FLUORINE II

M. TONKOVIC and S. MESARIC
“Ruder Bo3kovié” Institute, Zagredb

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.

I—28.

DETERMINATION OF FesOs 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 d., which does not depend on struc-
tural factors and which is not directly related to the gravimetric concentra-
tion FesO4, has been used for the quantitative determination of magnetite in
a mixture of para and diamagnetic substances. The determination of ds and
hence of the concentration of FesOs 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 FesO« in
sinters. As FesO« 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 (2Fe0O:SiO:, spinel or wiistite) present do not interfere.
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I—-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

I—1.

SYNTHESIS AND INVESTIGATION OF GEOMETRICAL CONFI-
GURATION OF trans(NOz)-cis(N)-, trans(NOs)-trans(N)- and
cis(NO2)-cis(N)-ISOMERS OF DINITROBIS(AMINOCIDATO)

COBALTATE(III)-IONS

M. B. CELAP, S. M. NESIC, 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(NOs)-trans(N)-isomers with glycine, L-ala-
nine and 3-alanine; trans(NOs)-cis(N)-isomers with glycine and L-alanine, and
cis(NOs)-cis(N)-isomer with glycine.

The trans-position of the nitro-groups in the isolated isomers was deter-
mined from the position of a mitro-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 Tigz—'A;;
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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I1—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:

Cu* +SerHj* = CuSerHZ ™" +nH* m
CuSerH 2" 4 SerH} = CuSer,H3 ") n'H* @
(CuSerHZ ™)

From the depedendence of log (Cut?) (Ser H;—)

N+
(CuSer,HZ >
and log i ) on pH it is found that the

(CuSerH ™" Y(SerH;")

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)g, respectively. The partial stoichiometric instability constants

of these complexes are: pKi=8.05 + 0.01 and pK: =6.92 + 0.02 (n =1).

‘The Cu(SerH)g 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)zz-. The partial acidic constants of the acid were found from its

c
distribution as a function of pH from the expression pky = pH+log ci
b

bl

‘where c, is the concentration of the acid, and ¢, is the concentration of its
conjugated base. The values thus found are: pk; = 10.1 and pk: =11.9 (0 = 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
Wiberg! has been elaborated and applied to the conformational analysis of
the tris(trimethylenediamine)ocobalt(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 conformations® (tris-chair, tris-'lel’, and tris-’ob’) together
with Saito’s crystal strukture’ 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 emer-
gies the possible stereochemistry of the system is discussed.

1. K. B. Wiberg, J. Am. Chem. Soc., 87, 1070 (108S5).

2. F. Woldbye, ,,Studier over optisk Aktivitet, Polyteknisk Forlag, Kbenhavn, 1969,
p. 203 1. '

3. T. Nomura, F. Marumo, and Y. Saito, Bull. Chem, Soc. Japan, 42, 1016 (1969).

1—4.

EFFECT OF SULPHO GROUPS ON THE PROTONATION AND
THE DISSOCIATION OF BIS-AZO-CHROMOTROPIC ACID
DERIVATIVE REAGENTS

V. NIKOLIC and A. MUK

Boris Kidri¢ Institute of Nuclear Sciences, Beograd

The influence of the sulpho groups on the protonation and dissociation
costants for several derivatives of bhis-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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SYNTHESIS AND PROPERTIES OF THE O-ETHYL-S(2-N-
-METHYL-N-ARYLAMINOETHYL)METHILTHIOPHOSPHO-
NATES AND THEIR QUATERNARY DERIVATIVES

M. COSIC, D. RAKIN and Z. BINENFELD

Institute of Work Hygiene and Safety, Beograd, and Military Technical
High School, Zagreb

The synthesis of six new organophosphorus compounds with the general
formula

CHI /° CHj R

P |
Cz“3°/ s enyeny N@

where R = —CHs, —CL, —OCH:s (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.

n—e.

REACTION OF 3-NITROPHTALIC ACID ANHYDRIDE
WITH ANILINE

P. M. DIMITRIJEVIC and O. A. PURKOVIC

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
B8-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.

s‘



84
o—-1.
FUNCTIONALIZATION OF STEROIDAL LACTONES

M. STEFANOVIC, Z. PARMATI and M. GASIC

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 i8 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 (c~>70%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.

n—s.
THE SOLVOLYTIC REACTIONS OF CYCLODECENYL SYSTEMS

M. 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-o0xo-5,10-
-seco-1(10)-cholesten-38-yl p-toluenesulfonates in 90% aqueous acetone at 60°
and 110° and in the presence of one molar equivalent of Na-acetate were
investigated. Jt 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-50xo0-5,10-seco-1(10)-cholesten-38-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-5-0x0-5,10-seco-1(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 n-bond par-
ticipation in ten-membered rings as a function of conformation and confi-
guration of the system.
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—9.

REDUCTIVE CYCLIZATION OF a, B-UNSATURATED STEROID
KETO SYSTEMS WITH HETEROATOM IN 3-POSITION.
SYNTHESIS OF NOR-METHYL-ISO STEROID ALKALOIDS

M. STEFANOVIC, L. V. MICOVIC 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 (" ¥ 2), 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 contigurations of the new alkaloids were deduced
from NMR, mass spectrometry, IR, pK values and some chemical evidence.
The mechanism of cyclization is discussed.

1 M. Stefanovié¢, 1. V. Miéovi¢, D. Jeremi¢ and D. Miljkovié, Tetrahedron, 26,
2609—2617 (1970).

® M. Stefanovié, D. Miljkovié, M. Miljkovié, A. Joki¢ and B. Stipanovié, Tetra-
hedron Letters, 32, 3891—3895 (1966).

3 M. Stefanovié, A. Joki¢ and D. Miljkovi¢, Documenta Chemica Yugoslavica, Gla-
snik hemijskog drustva, Beograd, 34, 497—807 (1969) (Available in English translation
from National Tecnical Information Service, Spring Field, Virginia, 22151).

1I—10.

INTROMOLECULAR ADDITION OF UNSATURATED ALKOXY
RADICALS

M. LJ. MIHAILOVIC, 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 1), which finally furnishes the reac-
tion products 8, 9 or 10.

2y — ) — Q=)

Pb (OAc)y ‘Pb(0Ac)y ‘Pb (OAc)y

2 3 = @ l AcO”
A
AcOCH zm @cn /[j — D @ COO

‘CHp

o

- x

_.

o
Ho
Hon

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 d-carbon atom or the allylic e-carbon atom (affording non-aceto-
xylated tetrahydrofuran and tetrahydropyran derivatives, respectively).

II—11.

MASS SPECTRA OF 3- AND 6-NITRO- AND 3- AND 6-ACETA-
MINO-N-PHENYLPHTALAMIC ACID

D. JEREMIC, LJ. GALEBOVIC, S. MILOSAVLJEVIC, O. BURKOVIC
and b. DIMITRIJEVIC

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:

CONH—Ph COOH COOH CONH-Ph
COOH CONH—Ph CONH-Ph COOH
NO2 NO2 NHCOCH3 NHCOCH3

I " m v

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 (CeHsNH: ion). At m/e 205
there is another very intensive peak which belongs to ion

-+

CHy —CO—NH O

I—12.

STRUCTURE DETERMINATION OF ISOMERIC 8-ETHYL-
-7-OXABICYCLO (4.3.0.) NONANS

D. JEREMIC, M. LJ. MIHAILOVIC, V. ANDREJEVIC 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

—CH, CH
8 2+"3

It was possible by NMR spectra to determine configuration of all four isolated
ethers.
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I—13.

NMR SPECTRA OF CIS-2-ETHYL-4-HYDROXYMETHYL-1,
3-DIOXOLANES AND CIS- AND TRANS-2-ETHYL-
5-HYDROXY-1, 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-1,
3-dioxolanes and cis- (III) and trans- (IV) 2-ethyl-5-hydroxy-1, 3-dioxanes,

The investigated compounds give higher order NMR spectra: ABCD:(I, IT),
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 (—CH:0H) on
the chemical shift of cis-p-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 Kidri¢ 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 (A8 = 8cci — dcsHs) 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 -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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I—15.

ELECTROCHEMICAL REDUCTION OF INTERMEDIATES IN THE
VITAMINE Be PRODUCTION (II)

ELECTROCHEMICAL REDUCTION OF SUBSTITUTED PYRIDONES
M. LACAN, J. HRANILOVIC, Z. VAJTNER, 1. 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—186.

ISOLATION AND STRUCTURE OF HORSE BRAIN
SULPHATIDES

K. KLJAIC and M. PROSTENIK
Faculty of Medicine, University of Zagred

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
HCl. The fatty acids and long-chain bases thus obtained were analysed by



90

gas-liquid chromatography. The composition of both fatty acids and sphingo-
lipid bases was determined.

n—11.

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 cerevisiaze OK-II-8 was cultivated on glucose,
Balactose or acetate as a sole carbon source. The gradual change in specific
activity of malate dehydrogenese, alcohol dehydrogenase, glucose-8-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.

1i—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.



91
I1—189.

INVESTIGATION OF PAPAVERUBINE D FROM WASTE
PRODUCTS IN OPIUM PROCESSING

0. GASIC 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.

II—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 spdium hypochlorite. It was found that:

1. The intensity of bands in the ranges 1430—1470 cm—!, 1370—1380 cm—!,
1335—1350 cm—!, 895—900 cm—! and to some extent 1320—1325 cm—! 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—!.
1590—1610 cm—!, 1505—1520 cm—!, 1470 cm—! and 1245—1247 cm—!, because
they are related to the process of disincrustation, i.e. the elimination of lignin
and hemicelluloses. A common characteristic of beech wood and the prehy-
drolyzed beech wood is the appearance of strong bands which are reduced to
a minimum by further beneficiation of fibres.

3. Bands in the ranges 2905—2935 cm—! and 2860 cm—! 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—!, 1115—
1120 cm—! and 1050—1060 cm—! are correlated. An adequate explanation of
‘this phenomenon is not yet available.

5. In the course of the bleaching of chlorinized sulphate celluloze
(@ =954, D.P.=1090) with sodium hypochlorite, concentration of active
<hlorine 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.

m—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°% 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.

I1—-22.

HYDROLYTIC DEGRADATION OF CORN STARCH
BY NITRIC ACID
0. JANCIC and 1. 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.

I1—-23.

STARCH AMINO ETHERS WITH FLOCCULATION PROPERTIES
0. 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.

1—24.

COMPARATIVE OXIDATION OF CORN, POTATO
AND WHEAT STARCH

A. DORDEVIC and O. JANCIC
Institute of Chemistry, Technology and Metallurgy, Beograd

The oxidation of corn, potato and wheat starch using Ca(OCl): solution
under identical reaction conditions was examined. The characteristics of the
products were compared for different oxidant concentrations, which varied
between 1 and 14%. 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.

I—25.

INVESTIGATIONS OF FLOCCULATION PROPERTIES
OF STARCH AMINO ETHERS

0. JANCIC and A. PORDEVIC
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.



IIIl. PHYSICAL CHEMISTRY

III—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 moditicated 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—!.

-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 CrOs . 0.25 CuO, corresponding to the in-
dustrial type of catalyst. using thermogravimetry, differential thermal analysis
and electric conductivity measurement.

94
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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.

IXI-3.

CHEMICAL RESISTANCE OF LEAD ALLOYS IN SOLUTIONS
FOR CHROMIUM PLATING

8. 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.

1I1—4.

CHROMIUM PLATING IN PRESENCE OF FLUOROSILICIC OR.
FLUOROBORIC ACID

8. 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%, and then decreases with further increase in concentration.

IS5,

THE INFLUENCE OF TEMPERATURE AND THE RATIO OF
SPECIMEN SURFACE AREA/SOLUTION VOLUME ON THE
CHEMICAL NICKEL PLATING

D. DORDEVIC, €. 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 [dm?1it] at three temperatures.
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I—8.

PHENOMENON OF STRESS IN ELECTROLESS
NICKEL PLATING COPPER STRIPS

B. ILIC, D. PORDEVIC, 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.

m-1. )

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°/0 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 . 10—2M 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.

I—Ss.

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 p = 0 was found to be 7.04, and the molar
absorptivity a to be 5.63 at A =620 nm. In a neutral medium an insoluble-
complex is formed.

9.

PROPERTIES OF THE SYSTEM CUPRIC SULFATE-SULFURIC
ACID-WATER. II

S. PORDEVIC, M. PJESCIC, 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 o, viskosity » and conductivity x» at constant temperature:
and cupric cation concentration are the following functions of sulfuric acid
concentration:

p=a+b- Chyso, 1y
n=a+b-Cy,so,+c- Clz'lgSOQ 2
x=a+b-Cuyso,+c- C%-I,SO. 3)

For constant temperature and sulfuric acid concentration the following rela-
tions are obtained:

p=a+b-Cout 4y
n=a+b- Ccu?t . (5)
x=a+b-Ccu* +c- Ctu* (6y

The coefficients a, b and ¢ 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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11—10.

THE EMISSION ELECTRONIC SPECTRUM OF THE
12C1850+* MOLECULE. THE I NEGATIVE SYSTEM

J. JANJIC, D. PESIC and D. JANKOVIC

Faculty of Technology, University of Novi Sad, and the Boris Kidri¢ Institute
of Nuclear Sciences, Vinéa

The I negative system of the !2C!*O+ molecule in the region between
2080—3200 A in a carbon hollow cathode discharge tube which contained the
mixture of the 1*C'*O 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.

III—11.

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. MILICEV
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—!). 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.

mi—12.

NORMAL COORDINATE ANALYSIS OF THE IN-PLANE
VIBRATIONS OF DIMERIC TRICHLOROACETIC ACID

D. HADZI, M. OBRADOVIC, C. TRAMPUZ and J. KIDRIC
Boris Kidri¢ Institute, Ljubljana
A normal coordinate amalysis of the trichloroacetic acid dimer and its

deutero analog was carried out by Wilson’s GF matrix method (1,2) and the
moditied Urey-Bradley force field (3).
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Infrared and Raman spectra were recorded and assigned. The vibrational
frequencies and force constants were caloulated 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%s.

The calculated force constants are analysed and compared with the cor-
responding constants for trichloroacetic acid monomer which were calculated
earlier.

1 E. B. Wilson, J. Chem. Phys., 7, 1047 (1939).

2 E. B. Wilson, J. Chem. Phys., 9, 97 (1941).
3 T. Shimanouchi, J. Chem. Phys., 17, 245 (1949).

In—13.

THE INFLUENCE OF THE SINTERING REGIME ON THE
FLUORESCENT SPECTRA OF PHOTOEMISSION
MATERIALS BASED ON EARTH-ALKALI
SULFIDES AND SULPHATES

D. PORDEVIC, K. NIKOLIC and €. 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.

m—14.

INVESTIGATION OF THE DEGREE OF THERMAL DECOMPO-
SITION OF CALCIUM CARBONATE-STRONTIUM
CARBONATE MIXTURE IN A PASSAGE SYSTEM

C. PETROVIC, D. PORDEVIC 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 CaCOs was studied in the tempe-
rature range 650—1100°C during a time of 5 to 90 minutes.
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m—15.

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. PORDEVIC

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—1.

EXPERIMENTAL INVESTIGATIONS AND PRACTICAL
MERCURY PRODUCTION FROM SUPLJA STENA ORE

M. SPASIC, D. VUCCUROVIC and 1. ILIC
Faculty of Technology and Metallurgy, University of Beograd

Results of laboratory and pilot-plant investigations of mercury 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.

v—-2.

CONCENTRATION OF INDIUM IN SOLUTION BY MEANS OF
EXTRACTION WITH ORGANIC SOLVENT

B. BURKOVIC 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.
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IvV—-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

b. 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 possibillity 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

L 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 is still acute.

IV—-1.

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-furnace-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_SO

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 Kidrié”, Nik§ié

Causes of low output of billets from ingot rolling C.1190 steel (0.06—
0.12% C, 0.10—0.40%0 Si, 0.50—0.90%0 Mn, 0.18—0.26%0 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 propertiecs were measured
simultaneously. Investigations were carried out in the recion 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—I1.

INFLUENCE OF THE “SHAPE COEFICIENT” ON THE
ANNEALING OF Al SHEETS

M. PESIC, 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. LUCIC

Institute of Chemistry, Technology and Metallurgy, Beograd, and “Progres®,
Industrija sinteti¢kih 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.

V3.
WOOL GRAFTING BY VINYL MONOMERS

R. JOVANOVIC

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
chm‘ 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 R, =a (l1-e—bt),
where Rjs = percentage decrease in solubility; a = parameter depending upon
the kind of monomer; b = parameter depending on the reaction conditions;

t = time of grafting.



V1. 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
analyisls, 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 (SiO:), 95 percent; alumina (Al:Os),
2.5 percent; iron oxide (Fe:0s), 0.03 percent; lime (CaQ), 0.70 percent; magnesia
(MgO), 0.08 percent; soda (Na:0), 0.01 percent; potash (K:0), 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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PABHOTEXA ITAPA-TEUHOCT 3A CHCTEM AILIETOH-
-TETPAXJIOPYT'JBEHHK-BEH30JI ITPU H30BAPCKHMM
YCIIOBUMA*

on

AJIEKCAHJIPA )X. TACURA, IPATOMHUPA B. BYKVPA, BOJAHA
. BOPBEBURA u OVIIAHA M. CHMOHOBHEBA

YBO IO

Meroge npenckasMBamkba TEPHEPHHMX PaBHOTEXKHHMX IIofaTaka Iapa-
-TEYHOCT OX 3Hauyaja Cy y CJlyyajeBHMa KaJia He T0CToje oaroBapajyhu excne-
PUMEHTAJIHH PaBHOT&KHH mnogamy. [locroju BMime MeToda 3a pelllaBambe
oBor BaykHor mnpobsiema. Kpurmuknm ocBpT Ha nocrojehe merome aar je y
JmreparypuD .

Merona koja je mpEMemeHa y oBoM paay ociofolieHa je MHOIMX
HEIOCTaTaKa KApaKTEpHCTMYHMX 3a DaHHMje MCTOJE M OJUINKYje Ce jemHO-
craBHowhy npopauyHa.

Ha ocHOBY excliepMMeHTaTHHX NOJaTaKa 3a OGHHEpHE cHCTeMe: alleTOH
1 — Genson 3; aneroH 1 — TETPAXJIOPYIJ/bEHMK 2 M TETPAXJIOPYT/bEHHK 2
— Gen3on 3 usBpueHO je oxpehuBame cacraBa mapHe ¢hase 3a CHCTeM ale-
ToH 1 — TerpaxsiopyrsbeHuk 2 — Genson 3.

IIpernen nureparype nokasao je Aa Cy PaBHOTEXXHM IOJanM 3a OBaj
CHCTEM eKCIIepHMEHTATHO oApebuBann(1®, ITomMeHyTH pajg je MMao 3a LWh
HCIIMTHBaEk¢ MOryhHOCTH pa3/iBajamba a3eOTPOICKE CMEIle alleTOHa H TeTpa-
XJopyribeHHKa ynorpeGom GeHszona. 36or Tora mapamMmeTpH paBHOTEXE Tep-
HEPHOr' CHCTeMa HHCYy oApehMBaHM y YHTaBOM II0JbY KOHIIEHTpalHje.

V Hamiem pany, UdjH je IWb HCIIMTMBame TEPMOJHHAMHUYKHX CBOj-
CTaBa INMOMEHYTOI CHCTeMa, NPEICKa3aHH Cy CacTaBH KOEr3MCTeHTHHX (asa
Y YHTAaBOM IIOJbY KOHILEHTpAlHje.

ExcriepumeHTaHM nomau(!? M HAIM pe3ysITaTH, NPEACKa3aHH Ha
OCHOBY OMHEpHHMX BpeQHOCTH, NOKa3yjy Cjlarame Koje 3aJ0BoJbaBa.

* Jleo oBora pasa mpoumTad je Ha XV caBeroBamy xemuuapa CP CpGuje 22. I
1970, y Hosom Cany.

1 109



110 A. X. TACHE, 1. 5. EYKYP, B. . BOPBEBHE n 1. M. CHMOHOBUE
TEOPHUJCKHU OEO

OBa MeToaa NpeACKa3sABaka TEPHEPHHUX PABHOTEXKHMX MOJATaKa Mapa-
-TEYHOCT 3aCHHBa C¢ Ha Kopmuthewmy cBojcraBa ¢yHkmaje QU2 koja,
komMOHHOBaHa ca Gibbs-Duhem-oBoM penammjom, maje H3pas:

1

tog (YY) = [1og(Yt) ax = L= _ .
og(n)" ofog('{;) i ., ™ O
xi
_ Y
Q“—flog(y—:)dx' Gy k=1, 2, 3; i£k) @
[}

Tae CY Y¢s Yi> Ya — KOeHIMjEeHTH aKTHBHOCTH KOMIOHEHaTa i, j, M k; x,,
X; — MOJICKH y/eJIH KOMIOHeHata k u i y cmemn; Oy, Q;, — BpeaHOCTH
dynxmja Q y Tauxama (ik), omgHocHO (jK); x;j— MOJICKH YACO KOMIIOHEHTe
i y GuHepHoM cucremy (i—j) NMpH 3aaTOj KOHIIEHTPAUAjH KOMIIOHEHTE j.

Jemuaumne 1. ciy)ke 3a oapehmBame ogHOCa KOoeMIMjeHaTa aKTHB-
HOCTH GWJIO KOjHX [Bejy KOMIIOHEHATa y CBaKOj TAUKHM TEPHEPHOI CHCTEMa
rpadpuuxom wuHTepnionamujoM. llerasbH oBOr rpagHUKOr IOCTYIIKA ITPHKAa-
3aHHM Cy y OpHrHHaIHOM pajxyD.

OBako opapehene BpemsHoctH omHoca (Y;/y,) ynmorpeG/baBajy ce 3a
HM3payyHaBame Koe(HIMjeHaTa PeSTaTHBHE MCNapJLHBOCTH

_ 3

*r o~ G, k=1, 2, 3; i#k) @)

rae cy p? u p) — HanoHu mape kommoHeHara i ¥ k. Hamonn mapa koju ¢u-

rypumry y jemHaduuu 3. oapebyjy ce 3a cpesy Temneparypy KIby4Yama

Gunepumx pacreopa (ij) u (Kj) npu 3agaTroj KOHLEHTPALMjH KOMIIOHEHTE j,

KOja je HCTa Kako 3a 06a GHHepHa pacTBOpa, TAKO H 33 ITOCMATPaHy TEPHEPHY

cmely.

Bpemsoctn koeduiMjeHaTa penaTHBHE HCNap/BHBOCTH oy NPHMEHY)Y

ce 33 H3pauyHaBamhe PEJIaTHBHHUX MOJICKMX KOHIIEHTpalMja NOjeQHHMX KOM-
MOHEHaTa y MapHoj ¢as3u:

yo- thx, (4)
1+ (og—1) X
roe je:
Y
* Yty

Mosickn yaenu kommnoHeHara y napuoj ¢asu ogpehyjy ce Ha OCHOBY
MO3HAaTHX BPEJHOCTH PEJIaTHBHMX MOJICKHX KOHLICHTPALHja IOjeHHHUX KOM-
TIOHEHATa IIPeMa jeJHAYMHAMA :

1 (l_y;z)zyz'y;z (59)
n(=y,)=ys'; (5b)
Yo (1—y3) =3 ¥5, (5¢)
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y3 IpHMEHy YCJIOBa
yi+y2+ys=1 6

Kom6uHyjyhn jemHaumHy 6. ca G0 Koje gBe NMPETXOAQHE jedHauMHe,
nobujajy ce no TpH pasyIHIHTe BPEAHOCTH 33 Y1, Y2 H y3. ADHTMETHYKA CPeN-
Ba BPEOHOCT OBHMX TPHjy BeJMYMHA NPEACTaB/ba TPAXKEHH PABHOTEKHM
CacTaB CBaKe KOMIIOHEHTE Yy mapHoj ¢asu.

ITIPUKA3 PABHOTEXHHX IIOOATAKA 3A BHMHEPHE CHCTEME

PaBHoTe)kHH nogaim 3a GHHepHe CHCTeMe aleToH | — Terpaxyopyr-
JbEHMK 2 M TETPaXJIOPYIVbeHHMK 2 — GeH30J1 3 eKCNepHMMEHTAIHO Cy Oxpe-
heru® npu m3obapckum ycioBuma (p = 760 + 0,25 mm Hg) -meromom
IMpKyJjagaje nape ¢ase Ha anaparypu no Hipkin-Myers-y@. Iobujenn
pe3yJITaTé NpHKasaHu cy y Ta6inmmama I u II. Tepmogmnammuka nposepa

TABJIMLIA 1 TABLE

Pasnotiaexncru io0ayu 3a cuciiesm ayesion | — iGeitpaxsopyzmenux 2 va 760 mm Hg
Vapour — liguid equilibrium data for the system acetone 1 — carbon tetrachloride 2 at

760 mm Hg
N | trcll w% | n% Py P2 By | lgva | l8(ni/ve)
[mm Hg] | [mm Hg]
1 2 3 4 5 6 7 8
76,53 0 0 1493 760 — 0 —

74,34 2,0 8,5 1357 707 0,37658  0,00156 0,37502
72,73 3,5 14,0 1294 672,5 0,37088  0,00307 0,36781
70,98 5,6 19,8 1224 637 0,35372  0,00587 0,34785
69,18 8,2 26,5 1156 598 0,32736  0,01161 0,31575
68,63 8,8 27,4 1136 584 0,31869  0,00754 0,31115
67,19 11,3 32,2 1052 562,5 0,31366  0,01398 0,30262
65,98 14,4 36,5 1044 541,5 0,26600  0,01750 0,24850
62,72 24,0 46,6 942 486 0,19479  0,04088 0,15391
60,59 - 32,0 53,5 879 454 0,15987  0,05869 0,10118
59,03 42,0 59,5 836 430 0,10992  0,09135 0,01857
57,74 54,0 66,3 801 411,5 0,06558 0,13184 —0,06626
56,75 69,6 76,0 777 397,5 0,02979 0,17880 —0,14901
56,40 77,0 80,5 766 392 0,01578  0,19971 —0,18393
56,19 81,5 83,8 760,5 390 0,01157  0,23208 —0,22051
56,02 89,4 89,5 755,5 387 0,00303  0,28896 —0,28593
56,03 95,9 95,5 756,0 387 0,00000 0,33692 —0,33692
56,13 100 100 758,8 388 0 —_ —_

vl et oral ol ey
PRNOANPWNEOORNINEWN -

KOHCHCTEHTHOCTH HalllMX TOJaTaKa je Aajna noGpe pesyarare. OGpama pe-
3ynrara meropgom Herington-a® u Redlich-Kister-a® nokasana je ma je
3a cucreM OeH30JI-TeTPaxJIOPYIVbeHHK pa3/iMKa INOBPIIMHA JIOFAapHTMa OL-
Hoca KoedHIMjeHaTa aKTHBHOCTH OX cactasa A S = 0,000323, wrro oaro-
Bapa CHCTEMaTCKOj Ipelul npu oapehuBamy cacraBa napHe ¢ase ox 0,25°,.
3a cucTeM aneToH-TeTpPaxJIOpyr/beHHMK je A S = 0,01146, a cucremarcka
rpenika Mcnon 0,5%,. IIpoBepa HECHCTEMAaTCKHMX rpemaka 1o merogu Bymi-
maxuH-a” yka3syje Ha EHXOBO OJICYCTEO.

l*
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ITopeheme Hammx mnogaraka ca JIKTEpaTyPHHM 3a CHCTeM Gensoji-re-
TPaXJIOPYTJbEHHK yKasyje Ha BpJIo Ao6po ciaramke ca pagom Fowler-a m
Lin-a® g Bachman-at9,

TABJIMIIA II TABLE

Pasnosiencru odayu 3a cuciien iaeiipaxsopy:enux 2 — bensos 3 na 760 mm Hg
Vapour — liquid equilibrium data for the system carbon tetrachloride 2 — benzene 3

at 760 mm Hg
Ne t[°C o ° /
' [°C] , x2% | 2% [m Hg] I (mm Hg] ! Ig va Ig vs 1 (Ya/vs)

1 2 3 4 5 6 7 8
1. 80,03 0 0 838 760 — — —
2. 79,62 5,5 7,2 8275 749  0,08001 —0,00157  0,08158
3. 79,36 9,4 11,7 822,5 742  0,060074 —0,00083  0,06154
4. 79,06 14,4 16,7 814 736 0,03455 0,00217  0,03238
5. 78,89 174 19,7  811,5 732 0,02543 0,00389  0,02154
6. 78,43 250 27,7 801 723 0,02172 0,00561  0,01611
7. 78,07 32,7 354 792 714  0,01653 0,00945  0,00708
8. 77,65 43,3 459  782,5 705  0,01263 0,01199  0,00064
9, 77,17 554  S8,0 77,5 694  0,01296 0,01326 —0,00030
10. 7699 640 657  767,5 690  0,00710 0,02078 —0,01368
1. 76,79 72,7 73,7  762,5 686  0,00419 0,02896 —0,02479
12. 76,72 79,5 80,0 762,0 685  0,00156 0,03423 —0,03267
13. 76,65 83,8 84,1 759,5 683  0,00182 0,03822 —0,03640
14. 76,60 830 882 759 682  0,00156 0,03981 —0,03825
15 76,55 93,3 934 758 681 0,00138 0,04766 —0,04628
6. 76,53 100 100 758 680 — — -

PaBHOTe)XHH MojalM 3a CHCTEM alleTOH-0EH30J1 y3eTH Cy M3 JIMTepa-
Type!lD), momTo Cy MoKasaaM Haj60Jby TEPMOAMHAMMYKY KOHCHCTEHTHOCT
ynorpeGoM HCTHX Meroaa Inposepe®:8),

ITIPUKA3 PE3VYJITATA

VY paay ce nouuto on yHamnpen 3aJaTHX cacTaBa TeuHe ¢ase, KOjH Cy
MpeNCTaB/beHH TaYKaMa CHCTEMAaTCKH pacropelieHHM y TPOYTraOHOM JHjarpamy.

Tauke TeyHe (a3e Hasale ce y NpeceKy JIMHHja KOHCTAHTHOI' caapkaja
Genzosna x3 = 0,15; 0,30; 0,50; 0,70 u 0,85 monckux yzena, U JIHHHMja KOH-
CTaHTHOT OJHOCa MOJICKHMX yJejia alleTOHa H TEeTPaXJIOPYIJbeHHMKAa X) : X2 =
= 0,85 :0,15; 0,70 : 0,30; 0,50 : 0,50; 0,30 : 0,70 u 0,15 : 0,85. 3a oBHX
25 rauaka opnpelyjy ce onroBapajyhn paBHOTeXXHHM cacraBM mnapHe ¢az3e.

ITonasekn ox moparaka 3a KoepMIMjeHTe aKTHBHOCTH W3 Tabmmma I
u II u aureparypuux nomaraxa‘ll) 3a cucrem aneroH-GeHson, rpapmaxom
HHTerpamjom oapehese cy BpeaHoctH ¢ymxumja Qiz, Qis B Qss (jemma-
yuHa 2). BpegHoctH oBux ¢yHKIHMja ynoTpebibaBajy ce 3a H3padyHABame
JiorapMramMa OQHOCa KoedHIMjeHaTa aKTHBHOCTH Ipema jeqHaumau 1. Ha
OCHOBY OBHMX MNOJaTaKa, a 3a Hanpel HaBe[cHE CACTABE KOHCTPYHCAHE Cy
yuHAje 1. Ha rpadummma cymka 1, 2. 1 3. KprBe 1. anpoxkcamepajy ce mpa-
BHUM JMHMjaMa, Tako Ja nopwmHe OCO u ACA' 6yny jemnaxe. Kpabpe 2.
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Ha cyiMKama 1, 2. 1 3. pobHjeHe cy Ha OCHOBY IojaTaka 3a NnojeauHe GuHepHe
cucteme. Hamehy npase A’ B’ u xpuBe 2. BpiM Ce JMHeapHA MHTEPIOJa-
mja, Koja omoryhyje na ce mohe Ao ogHOoca KoedHuMjeHaTa aKTHBHOCTH
3a 6HJIO KOjy TauKy y TPOyraoHom amjarpamy cacraBa. Ha ciommm 1. uHTEp-
MOJIAIHjOM CYy KOHCTpyMcaHe Kpuse 3a xs = 0,15; 0,30; 0,50; 0,70 u 0,85
MOJICKMX yaena Gemsona. Ha cimmm 2. npukasaHe cy kpuBe 3a x2 = 0,20;
0,40; 0,60 u 0,80 MOJICKMX yAeNa TETPaxXJIOPYI/beHHKA, a Ha CJIMIM 3. KOH-
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Fig. 1. Ig :—lvs. composition plot.
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Cin. 4. ITonokaj KOHOAA NAapa-TEYHOCT Y CHCTEMY A&lETOH 1 — TeTpax/IOpyribeHHK 2
— ©eH3on 3
® cacraB TeuHe case
O cactaB napHe ¢ase
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 oBux rpadmka ogpelieHH cy ogHOCH Y1/v2, Y1/Ys M Y2/Ys 3a HaBe-
JEeHe cacTaBe TeuHe (pase NPEKO KOjHX Ce M3pauyHaBajy Koe(HIpHjeHTH
penaTnBHe AcHap/bMBocTH (jeqHaunHa 3). Ha ocHoBy mopmaTtaka u3 TaGimue
I m II u sureparypHux nomaraxa‘ll) 3a cucrem aneron-Gemson HaheHe cy
cpenme TeMIlepaType Kjbyyama H ofroBapajyhu HanoHM napa. IIpumeHom
jemHaumse 4. oapeheHe Cy peJlaTHBHE MOJICKE KOHLEHTpaLHje Y 12, Y'is H
vy’ 23, KOje Cy 3atum ymorpeG/beHe y jeqHauMHH 5a—S5c aa 6u ce ofpemuwie
BPEIHOCTH Y1, Y2 M ys. Ha oBaj HauMH Cy ofapeljeHe no TpPH BPEAHOCTH 3a
CBaKH MOJICKH yJeo napHe ¢a3se Koje cy nprkasase y tabmau II1. YV Tabmunm
Cy Takohe AaTe M EHXOBE CPEQHe BPETHOCTH.

PaBHoTeHM moganM KOersMCTeHTHHX (hasa npukasaHu cy rpadHuxu
Ha cmmm 4. IIpaBe nmHMje Ha rpadMKy NoOBe3yjy Tauke Koje NpejcTaBbajy
cacraBe (¢)aza y paBHOTEKH.

JONCKYCHJA PE3VIITATA

Anammsa pesysrara NpopadyyHa PpaBHOTEKHOI cacraBa mnapHe case
yKa3syje Ha Jo6po ciarame BPEIHOCTH Y1, Y2 H Y3 H3pauyHaTHX IO PasIMyH-
THM jegHauMHamMa 5a—5cC, 6. AKO ce Kao KPHTEDHjyM 32 BEJIMUYHHY IpeLlKe
y3me pa3zimka usmehy HajBehe M Hajmambe BpPEQHOCTH CAacTaBa KOMIIOHEHTE
y mapHoj ¢asu (A yi = Y1 max—Yimin) 32 OAroBapajyhu cacraB TeuHe ¢ase,
OHOA Ce MO)Ke M3pauyHaTH INpOCeYHa IpElIKa 3a CBe IOCMaTrpaHe TauKe.
IIpoceuna rpeuka 3a aueroH usHocH 0,94, 3a Terpaxyopyribenuk 0,79, a
3a Genson 0,97 mosckux npoueHara. MoJicKka IPOCeYHA Ipelllka 3a CBe TPH
KOMITOHEHTE IPe/ICTaB/ba NMOTBPAY MCIPABHOCTH LEJIOr NMOCTYNKa NpopadyHa
PaBHOTEKHOI' cacTaBa IapHe ()a3e Y OBOM TEPDHEDHOM CHCTEMY.

OBako oxpehene BpemgHOCTH cacraBa mapHe ¢ase CHCTeMa aleTOH-
-TETPaxJIOPyrjbeHHK-6eH301 Mmory Ot ynopeleHe ca eKCIIepMMEHTAIHHM
BpegHocTHMa Subbarao-a u Venkata Rao-a(l® y aeny KOHUEHTpauMOHOr
Nojba y KOME Cy eKCliepuMeHTH n3Bohenu. ¥V tabmmum IV gate cy ynopenne
BPEHOCTH MOJICKMX yAeja NapHe ¢hase MojeIMHHMX KOMIIOHEHaTa M3padyHa-
THX TIO METOOH KOja je y OBOM WiIaHKY pa3palieHa H eKCTIepHMEHTasTHO oApe-
henmx Bpemmoctn(1®. I[o6po mehycobHO cnarame ykasyje Ha TO ga ce CBe
BPEHOCTH MOJICKMX yAesa mapHe ¢ase Koje cMo ogpehuBaiM 3a Iej0 KOH-
OEHTPAIHOHO I0Jb€ MOI'y CMaTpaTH IOY3JXaHHM.

N3BOX

Y pagy cy OaTH napaMeTpd DaBHOTE)KE Iapa-TEYHOCT 3a TEPHEPHH
CHCTeM alleTOH-6EeH30JI-TeTPaxJIOPYI/beHHK NPH H300apckuM yciioBuma. OBH
nogawM Cy Xo0HjeHH Ha OCHOBY €KCIIEDHMEHTAIHO OXpelieHHX paBHOTEMKHHUX
Napamerapa 3a OWHEpHE CHCTEME: aleTOH-TETPaxXJIOPYIJbEHHK, GeH30J-Te-
TPaxJIOPYTJ/beHHK M JIMTEPAaTypHMX MOJaTaka 3a CHUCTEM aleTOH-GeH30:.

PaBHOTEe)KHM CacTaBH KOMIIOHEHaTa y napHoj ¢asu ogpeheHH cy mo
meromu B. B. Korana u B. M. Ca¢ponosa(l),

Texnonomko-meranypiuku ¢akynrer, Beorpan, ITpummeno 10. jyna 1970.
Uncraryr 3a XemMMjcka, TeXHOJIOIIKA M METAIypLUKa
ECTpoKHMBaBa, beorpan
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SUMMARY

1SOBARIC VAPOUR-LIQUID EQUILIBRIA FOR THE SYSTEM
ACETONE-CARBON TETRACHLORIDE-BENZENE

by

ALEKSANDAR Z. TASIC, DRAGOMIR B. BUKUR, BOJAN D. PORDEVIC 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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TJIACHHK XEMHUJCKOT OPYIITBA BEOIPAL
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ITPEBOOHH BPOJEBH KATJOHA V ®OVHKIHUJHU Ol TEMIIEPA-
TYPE 1 KOHIHEHTPAIIHUJE

(CHCTEM: XJIOPOBOOOHHNYHA KHCEJIHHA — BOJIIA)

on
HAIEXIE B. JAKOBJBEBUR-XAJIAH

ITo3najyhu npomeHy npeBoguux OpojeBa ca TeMneparypoM, IIPHTHCKOM
H KOHIICHTPaLMjoM, Moryie Ou ce M3padyyHaTH H ofroeapajyhe mpomeHe y
eKBHBJICHTHUM jOHCKMM IIPOBOJUBHBOCTHMa KOjé KapaKTepHIy jOHCKe
napaMerpe Be3aHe 3a HHTEpaKIHjy jOH-pacTBapau.

ExBuBajleHTHa jOHCKa IIPOBOJBHBOCT KaTjoHa WIM aHjoHa

11=n*), n

rae je nt npesogHu GpoOj KaTjoHa, OJHOCHO aHjOHa, a A, €KBHBAJIECHTHA
NMPOBOAJBHBOCT €JIEKTPOJIMTA, X OHH Cy (PYHKIHja TEeMIIEPaType. ,]Imbepen}m-
pameM jeqHauuHe (1) mo Temneparypu qo6Hja ce 3a KaTjoH, OXHOCHO aHjOH:

di+ | dnt dh,

Ae— +nt 2
e de de @
dl~ an dA,
— =h—— 0 —— 3)
de he de dr (
Cabupamem jemuaunna (2) u (3) u y3umajyhm y o63up ma je
nt+n=1 (4)
H
+ —
dnt__dn (5)
dr dr
nobnja ce m3pa3
+ = dA
dr dr dr

ITo3najyhn caja €KBHBRJIEHTHE jOHCKE NPOBOJBHMBOCTH Y (YHKIMjH
o Temneparype (mo3HaTe Cy (pyHKIHMje €KBHBaJIeHTHE IPOBOJJBHBOCTH OX
TeMneparype 3a HHM3 EJICKTPOJIMTAa), MOXKE Ce HM3pauyHaTH HHU3 BEJMYHHA
crama garor cucrema (1).
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120 HAIEXIA B. JAKOB/bEBHE-XAJIAH

VY oBom pamy nmahemo 3a IUBb M3HATWKEWmE 00/1MKa (PyHKUHje npe—
BogHOr Gpoja nt of TemIepaType H KOHLICHTpamHjeé XJIOPOBOJOHHYHE KHCE—
JIMHE Y BOOHM, Tj. NPOHATaKEHE MATEMAaTHYKOr H3pa3a 3a (YHKLHjY

n* =f(m, ) @)
rxe je n* npeBogHn Gpoj BOJOHMYHOL jOHA, M MOJATHOCT®, a t TeMnepaTypa
y °C.

BpeoHOCTH KaTjOHCKMX NpeBOAHHX OpojeBa npema paxy Harned-a m

Dreby-a (2) npeacraBwm cmo rpaduukn y GyHkumju onx Temneparype (O
mo 50°C) 3a monanmdoctu ox 0 mo 0,2 m** (cn. 1).

(ng,tz)

nt

0.850 | —

0800 |—

-4 -30 -20 -10 0 10 20 30 40 t°c

Cauxa 1. Figure

Ilpema 061HKy mojemuHaunux (yHKUMja nh = f (¢) (MHOEKC m O3Ha-
yaBa MOJIAJIHOCT) Moryhe je 3aKJbYYHTH Ha CE OBa 3aBHCHOCT MOJKE OIHCATH

JIMHEAPHOM jeIHaYHHOM

nt=Kp t+bn (8)
Tj. Oa je
+
(93—) = konst. 9)
0t /m

* MonanHa KOHIIEHTPALIHja HE 3aBHCH OJI TEMIlepaType.
** 3a KoHueHTpPalMje Kucenune Behe o 0,2 m Ba)ke pyre 3aKOHHTOCTH, 1ITO BaXKH
M3a (PaKTOp AKTHBHOCTH.
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Tlpema o6y cHoma mpaBHX n;, = f (£) (c1. 1) MOXKe Ce 3aKJbYUHMTH
Ja MOCTOju Temneparypa (fz) IIPH K0jOj BpeQHOCT npesogHor 6poja (ny) He
3aBHCH OJ KOHIEHTpaiMje (MHAEKC £ O3HayaBa 3ajeJHMUYKY BPEIHOCT).

Jennauuna (8) morna 6m ce Harmcatu y obJHKY:
nt—nt=Kp (t—t;) (10)

rae je

ont
gt

K".=( ),.. ~f'(m) (1

Ilpumemyjyhn MeTon HajMamHMX KBagpaTa Ha MOAAaTKE YHOLIEHE Yy

jemnaummny (8), MOry ce M3paJyyHaTH BpeQHOCTH NpEBOAHHMX GpojeBa (nmif:)
Ha JaTHM TemIleparypama ca YeTHpHM 3HauyajHe mudpe (y pamy (2) cy oBe
BPEHOCTH JaTe ca TPH 3HauajHe nudpe), koebmmjenr K, u b, (BpemHoct
n* Ha 0°C) 3a mojeauHe KOHLEHTpalmje.

Hapauynare BpeaHOCTH KOHCTaHTH Ky, ¥ b, ca BelMUMHaMa CpeJE-HX
KBaJlpaTHHX Ipelllaka faate ¢y y Tabmumm 1.

TABJIMLIA I TABLE

m (mol|kg) K, - 103 (step—1) b
0 —1,022 + 0,006 0,8468 4 0,0002
0,005 —1,005 + 0,005 0,8492 4 0,0002
0,01 —0,978 + 0,007 0,8500 + 0,0002
0,02 —0,955 + 0,007 0,8510 + 0,0002
0,05 —0,927 + 0,009 0,8528 4 0,0003
0,1 —0,887 + 0,009 0,8543 + 0,0003
0,2 —0,818 + 0,007 0,8552 + 0,0002

Axo ce rpapuuki npuKake 3aBHCHOCT K, O m, MOXKe Ce 3aK/bYyUHTH
ma je K,, pynximja cnegeher obnuka ox m: )

Kn=a-mb+c (12)

Maga je KOHCTaHTa ¢ JaTa IIpeMa €KCIIEPMMEHTIHHMM [OJalHMa M
H3HOCH Ko = — 1,022 (step~1), mu cMo je u u3pauyHanu (3) Gupamem
TPH Tlapa KOODAMHATHMX Tayaka ca gujarpama Kp,= f’ (m) y3 ycioB na je
mg = v/my . mz. Tako H3payyHaTa BPEJHOCT ¢ ITpema

K1K,—K2
K +K—2K;

u3Hocu —1,027- 1073 (step~1).

(13)

4

Jennauuna (12) moyke cama na gobmje OOAMK JIMHeapHe jeqHauHHE
log (K;p—c) =b *logm + log a (14)
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IlpumeHom Merone HajMamux KBajpaTa Ha jemHaumdy (14) moGujajy
ce BpeHOCTH 32 b u log a.
b = 0,558 + 0,055
log a = —3,270 4 0,095

ITpema amncosyTHOj BpPeHOCTH b MOXKe ce 3aK/bydyHTH 1a jegHaumHa (12)
TpefCTaB/ba NPHOMDKHO (DYHKIMjY 0GMHKa:

Kn=aVm+ ¢ (15)

Ca npernocraBkoM OBaKBE 3aBHCHOCTH BPEJHOCTH KOHCTAHTH a4 M ¢ H3pady-
HaTe METONOM HajMaEmHX KBaZpaTa H3HOCE:

a = (0,458 + 0,018) 108 (kg!/2mol~1/2step—?)
¢ = (—1,027 4 0,004) 103 (step™1)

(c uma ucry BpegHocT kao mpema (13)).
Jemuaumna (15) capa rnacm:

K = (0,458 10-3 4/m — 1,027 - 10-3) (step~1) (16)
IIpema (10) u (16) moGuja ce u3pas:
iy —ny = (0,458 /m—1,027) 10-3 (e—z,) (17)

CHon jeHaunta n* = £ (¢) IPOMa3| KPo3 TauKy n; , {, X AT j& U3Pa3oM
”: =Kpn- I+ ”(-*1-0) (l 8)

Ca noganuma u3 Tabmune I y3 npumeHy merofie HajMamHX KBaJpara Ha jef-
HaumHy (18) m3pauyHaTe Cy BpemHOCTH

t; = (—41,0 4+ 4,7)°C
n, = 0,8899 4 0,0045

Ipema jemnaumnu (17) M BpeQHOCTHMA 33 n; M I, MOXKE CE HAITHCATH
jeaHaynHa Koja Aaje BPeQHOCT NMpeBOJHOr 6poja BOMOHMYHOr joHa Y (yHK-
mju ox monanHoctH (Ho 0,2 m) u Temneparype (mo 50°C)

n}, —0,8478—1,027- 103t + V/m- 103 (0,457 ¢ + 18,78)  (19)

HJIH Yy OIILUTEM OGJ'IHK}’

on dkK,
"y o=t +(——) r4 I (p—y 20
, £ = Nm, (=0 0t s d\/m 2) (20)

HM3payyHayiu cMO BPEIHOCTH IIPEBOJHHX 6pojeBa npeMa jeqHAUHHH
(19) opyru pes y KOJOHama IO TEMIIEPaTyPH M MOJIATHOCTH TaGimue (2).
V npBom peny mcre Tabnmue Hajlaze ce €KCIIEPHMEHTAJIHE BPEJHOCTH IpeMma
pagy Harned-a u Dreby-a u3pauyHate ca 4eTHpu 3HauajHe mqudpe. ITocneama
BEPTHKAJIHA KOJIOHA M IOCJIEqIbH pell NpeACTaB/bajy ancoJlyTHE BpPEXHOCTH
Cpefme apUTMETHYKe rpelike u3Mmely HM3payyHaTe M eKCIIEPHMEHTOM ojpe-
heHe BpenmHOCTH mnpeBogHMX OpojéBa IO MOJATHOCTHM M TeMIIEpaTypama.



123

ITPEBOJHH BPOJEBU KATJOHA Y GYHKLHIHA O TEMIIEPATYPE H...

90000 60000 #000°0 L0000 L0000 $0000 20000 60000 Buy

9000°0 1518°0 L608°0 85080 ¥208°0 L0080 $66L°0 $96L°0 0S
€VIS0 00180 $908°0 0£08°0 1108°0 066L0 LS6L°0

9000°0 Z618°0 19180 $018°0 TLOS‘0 $S08°0 ¥08°0 91080 St
$8180 180 1118 08080 09080 0080 80080

9000°0 76780 #8180 0S18°0 61180 #0180 €6080 L9080 ot
§2780 88180 LS18°0 87180 60180 06080 65080

90000 SLZ8°0 62280 L6180 8918°0 €518°0 180 61180 SE
99780 €€78°0 $028°0 9,180 8518°0 ov180 01180

90000 mﬁmw“o ?Nw”o mﬁw”o o_Nw”o 20780 m&wno 0L18°0 o€
LOES0 LLZSO 05280 $728°0 L0Z8°0 1618°0 19180

$000°0 $SE8°0 L1€8°0 68280 9z8’o 15280 raz4:3\) 12€8°0 (Y4
8v€8°0 12€8°0 96280 1L28°0 95780 1¥28°0 Z1€80

90000 86€8°0 19€80 SEES0 €1€80 10€8°0 €628°0 €L78°0 0z
88€8°0 99€8°0 EPES0 61£8°0 Y0€8°0 16280 9280

9000°0 6480 So¥80 18€8°0 09€8°0 0S€8°0 Nvmw“o vaw”o St
6280 01$80 68£80 L9E80 €SES0 1¥€8°0 S1€8°0

9000°0 6LY80 6v¥8°0 LTY80 8018°0 86€8°0 16€8°0 SLY80 o1
0LY80 ys¥80 SEYS0 S1+8°0 0v80 76€80 99€8°0

900050 meuo $6¥8°0 vLYS0 LS80 wx.mo 8o LTY80 S
1158°0 66V8°0 78v80 wrso 1580 wrso L1v8°0

90000 79580 LESS0 onw”o S0580 Rvm”o 16¢8°0 8L¥8°0 0
25580 £¥58°0 87580 01580 0058°0 680 89¥8°0

[4 (¢ <, <, (4
my 0z 010 | so0 200 10 $00°0 0 o
(-3% jow) w

Slq8L ]I eunargs],




124 HAIIEXIIA B. JAKOB/bEBUR-XAJIAU

IIpeMa npoleHH BPEOHOCTH CPEQH-€ aPHTMETHUKE IpEIIKe MOXKE Ce
3aKJBYUMTH Jla OBa M3HOCH Mame O] jeHHMIIE NOCJIeNEme 3HauajHe mudpe
€KCnepaMeHTOM oxpelieHe BpeOHOCTH M HAa jenHaumHa (19) 3amoBoskaBa y
JATOj TEMIIEPaTYPCKOj 00JIaCTH M [aTOj 00JIACTH KOHLEHTpaIH;ja.

IToceGHy 3axBanHocT Ayryjem mpodecopy HMHr. ap Anexcanapy Hecrmhy 3a
KOPHCHE OHCKYyCHje, CYTeCTHje M MOAPIUKY Y pany.

H3BOX

Pax npencraBiba MaTeMaTHUKy CTYAHjy 3aBHCHOCTH NpeBOAHOr Opoja
BOJOHMYHOI jOHa OJ TEMIIEPaType Y CHCTEMY XJIOPOBOAOHMYH2 KHCEJIMHA
— Boaa. M3BeneHa je jeqHaumHa

nt ,=0,8478—1,027-10-%-t+ 4/m- 102 (0,458 ¢ + 18,78)

CTaTMCTHYKOM aHAJIM30M IOJaTaKa M3 ImMpe oOigactH Temmeparypa (0 mo
50°C) u xonmenrpanmja (0 mo 0,2 m).

H3pauyHaTe BpEQHOCTH CJI)Ky CE Ca OCHOBHHM EKCIICPHMEHTATHHM
noganmuma npema Harned-y u Dreby-y (2) y rpanmmama ox +4-0,0006.

TexuonomKo-meTanypuiku axymnrer, IMpumsbeno 24. mapra 1971.
Kartenpa 3a $pH3MUKy XeMHj)y M €IEKTPOXCMH]Y,
Beorpan

SUMMARY

TRANSFERENCE NUMBERS AS A FUNCTION OF TEMPERATURE
AND CONCENTRATION
(SYSTEM: HYDROCHLORIC ACID-WATER)

by
NADEZDA JAKOVLJEVIC-HALAI

This is a mathematical study of the temperature dependence of trans-
ference numbers of hydrogen ion in aqueous hydrochloric acid solutions.
Resulting equation

nt ,=0,8478—1,027- 103 ¢+ v/m - 10-3 (0,458 ¢ + 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 4 0,0006.

Faculty of Technology Received March 24. 1971.
and Metallurgy

Physical Chemistry

and Electrochemistry Department
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OIBAJAILE KETOHA XPOMATOI'PA®HJOM HA TAHKOM CJIOJY

on
BEJIMMHUPA 1. HAHHURA u MHUPJAHE B. BOJMHOBHUR

3a xpomaTorpa)cko oJjBajamke KETOHa Ha TAaHKOM CJIOjy C Pa3IHYHTHM
pacTBapauMMa IIPUMEHBEHH Cy Kao amgcopbeHCH uesyso3nd npax (1), cwm-
Karen G (2—S5), amymunujym-okcup (2,6), auermiupana nerysosa (3), mar-
He3ujyM-okcHn (3), umHx-kapGonat (3), CKpo0 HMNpErHHMpaH JHUMETHI-
-opmamuom (7), KuCenryp MMIperHupaH terpaiuHoMm (8) mum 2-ceHok-
cueraHoniom (9). Keronn cy mperxogHo npeBefeHH y 2,4-AMHUTPOGEHMI-
XHpa3oHe.

Y pamnjem pamy (10) xao amcopGeHc 3a ogBajame aAexuaa NPUMEHIWIR
CMO TMpHHYaHHM CKpO0 y3 JodaTak CWJIMKareja. Y HacTaBKy OBHMX HCITMTH-
Baba ycneid cMo Aa GP30 U jeAHOCTABHO OJBOjHMO HEKE KETOHE NPHMEbY-
jyhn ucru agcopbeHc.

EKCITEPUMEHTAJIHH IEO
Maiaepujaa :

Ierponerap (40—70°C) (Carlo Erba), 6enson (Carlo Erba), mupunuanu ckpo6 (Carlo
Erba), cuankaren G no Stahl-u (Kemika), 2,4- muanrpodernmmxuapasun (Kemika), xno-
podopm (Laphoma).

ITpuiipemarve tiroua

VnorpebibeH je MupHHYaHH cKpob y3 moaatak 309, cHiMKarejia M NMpUMEHm€Ha je
yobruajena xpomarorpad)cka TexHHKa: 21 g mMpHHUYaHor cKpobGa u 9 g cumkarena G mo
Stahl-u pasmyru ce y 30 ml nectunoBare Bome u 20 ml eranona; mobHjeHa CycneHaMja
HaHece ce Ha crakiieHe muioue 20x 20 c¢m ca ,,DESAGA” arumkaropom y ne6imuHM off
250 p. Ilnoue cy cymieHe Ha Ba3[yXy, a8 3aTHM aKTHBHpaHe y cymuHuuu 40 munyTa Ha 140°C.

TTpuitpenare 2,4-dunuiapopenusxudpasona (2,4- THO X-a)

HnUTHBaHK KETOHH ce HCTaIoke 59%,-HMM DacTBOpoM 2,4-IHHUTpodeHHIXHApa-
3uHa y 85%-Hoj docdoproj kucesmuu (11). Kpucramu 2,4-ITHPX-a ce npouene, ucrnepy
paabnaykeHHM ETAHOJIOM M NMPEKPHCTATIMIIY YETHDH [0 NeT myTa M3 969 eraHona.

Onsajann ¢y creneld KETOHM: aLETOH, METHJICTHJIKCTOH, METHIINPOITHIKCTOH,
IMIJIOXCKCRHOH, I[MKJIONMEHTAHOH, aueTO(PCHOH M 4-Tepu-GyTHIIHMIUIOXCKCAHOH.

2 125
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Xpomastozpagucarns

3a nojequHauna oxBajama HaBeaeHMX KeroHa Kao 2,4-ITH®DX-a Havocwm cmo
no 0,001 m! ceexxe mpunpembennx 0,19, pactBopa oBHX cyncraHi y xiopodopmy. Koa
O[Bajamha CMeIlle PacTBOP je NMpUNpeM/beH Ha ciieachu HaumH: ogmepH ce no 0,1 g cBake
cyncraHie ¥ goGMBeHa cmellla ce pacTBopH y 100 ml xnopodopma. 3a omBajame cmelne
HaHoueHo je o 0,001 m! osor pacrsopa.

Kao pacrBapau ynorpeGibeHa je cmemna nerponerap (40°—70°C) -GeHson y ogHocy
(3 : 2) y3 nonarak jeque xanu Boxe (Ha 50 ml pacrBapaua).

Xpomarorpadmcame je BpLUICHO jETHOQMMCH3HOHUTHOM Y3/IA3HOM TCXHHKOM Ha
wﬁ*;gi TeMICPAaTypH Yy Tpajaly o 50 MuHyTa, mpu 4eMy (pOHT pacTBapaua mpebe myT
onx cm.

ITocne passHjama XpOMATOrPaMM Cy CYLICHH Ha Ba3yXy, a8 H3a3HBAFKC MpJba HHje
notpe6HO, jep cy mpme 2,4-ITHDX-a Bua/bHBe H pasMKyjy ce mo HHTeH3uTeTy Goje,
Koja BapHpa of 6/lex0)KyTe NMpPEKO HAPAHYACTE IO MPKOHapaHuacre. Mpibe mocie HeKo-
JIMKO 4YacoBa Memajy 60jy B mnocTajy Tamuuje. MHTeH3HTET Mp/ba C¢ mOjauaBa NMPCKABCM
XpoMaTorpama 19,-HHM DACTBOPOM HATPMjyM-XHIDOKCHIA Y CTRHONY WIH Hanwkyhu ra
rapaMa amMoHMjaKa.

PE3VJITATH U NTHCKYCHJA

Rf-Bpemsocts 2,4-muHATpOodCHIIXRAPA30HA XpoMaTorpaucaHmx ke-
TOHa Aate ¢y y Tabmamm I. Ha o 1. gat je xpomaTorpam OBHX CyNCTaHIM.
Cmema 7 kerona je no6po ofBojeHa, a penocsien onBajama je cremehn:

TABJIMIIA I TABLE

Cyncranima y o6muxy Rf-BpessocTH umCTHX .
2,4-IJHDX-a CYTICTaHLH Rf Bp::uomx y
Substances in the form Rf-values of pure .
of 2,4-DNPH substances Rf-values in mixture
Aneron
0,29
Acetone ’ 0,32
MeruneriikeTon 0.36 0.40
Methylethylketone ’ ?
MeTtiwmponuikeToH 0.45 0.48
Methylpropylketone ’ g
LIuks0neHTaHOH
0,52 0,53
Cyclopentanone
IIuxsoxekcaHon
0,62 0,65
Cyclohexanone
4-Tepu-OyTHILHKIIOXEKCAHOH
P 0,67 0,70
4-terc-butylcyclohexanone
Arerto
ueroderox 0,79 0,80

Acetophenone
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FRONT
o o
. © o)
Q (@]
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o o
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START
+ + + + _
1 2 3 4 6 7 s
Cauxa 1. Figure

XpomaTorpam KeToHa: | aneToH, 2 MCTHJICTHWJIKETOH, 3 MCTHINMPONMHIIKETOH, 4 LIMKIIOXCK~-
CaHOH, 5 4-Tepu-GyTWIMK/IOXEKCAHOH, 6 LIMKIJIONEHTAHOH H 7 aLCTO(EHOH.

Chromatogram of ketones: 1 acetone, 2 methylethylketone, 3 methylpropylketone, 4. cy-
clohexanone, 5 4-terc-butylcyclohexanone, 6 cyclopentanone and 7 acetophenone

aneropeHOH > 4-TepI-OyTWIIHKIIOXEKCAHOH > IHKJIOXEKCAHOH > IIHKJIO-
NEHTAaHOH > METWINPOIIKETOH >> METWIECTHJIKETOH > aneroH. Rf-Bpen-
HOCTH IIOjeMHAa4YHO M y cmemm Guie cy cariacHe, anu cy Rf-BpegHoctn y
CMEIIH HEIUTO BHIIE.

Temneparypa y 3HaTHOj MepH yTHYe Ha XpomaTorpadcko ojBajame.
Ha temnieparypama npeko 24°C Rf-BpeHOCTH pacTy, ajli Cy O/IBajama CMeLIe
cmabuja, Mafa je MHTEH3WTET MpJba HEIUTO jauH.

OnucaHMM MOCTYIIKOM MOTY C€ Ppa3gBOjUTH KETOHH y OOMKYy 2,4~
-TH®PX-a y xonnuunama ox 1 go 5 pg. Ilpu Behum KoHIeHTpaljama Mpibe
Cy pasBy4deHe M HEIOBOJHHO OLITpe.

VYV oBom panxy, npuMeHOM HOBOr afcopGeHca y3 oaromapajyhu pacrBa-
pau, NocTUrHyTa cy 6p3a ¥ nobpa oBajama HCIIMTHBAaHUX KETOHA, a JobujeHe
MpJb€ Cy NMpPaBHIHOT KpYy>KHor obimka. OpBajame OBHX KETOHa HHje RO
caja U3BPIIEHO XpomaTorpadujoMm Ha TAHKOM CJIOjy M yKasyje Ha MoryhHocT
KBaHTHTAaTUBHOI ofpehuBamka MHKDO-KOJIHYHMHA OBHX KETOHA.

2.
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H3BOJIO

XpomaTtorpaHjoM Ha TAHKOM CJI0jy IMPHHUYaHHM CKpOO-CHIMKaren y
ogHocy 7 : 3 oagBOjeHa je cmella CeJaM KETOHa Ca pacTBapadeMm IeTpojerap-
-6eH3071 y omHocy 3 : 2 y3 moaarak jegHe kamu Boae. Keronm cy onBsajanm
y o6nuky 2,4-auuurpodeHnxuapasona (2,4-THDX-a).

3aBoa 3a xemmjy YHHBep3uTeTa ITpummeno 24. cemrembpa 1970.
y HoBom Capny

SUMMARY

SEPARATION OF KETONES BY THIN-LAYER
CHROMATOGRAPHY

by
VELIMIR D. CANIC and MIRJANA B. VOJINOVIC

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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ITOJIAPOTPA®CKO HCITHTHBAILE MEKOHCKE KHCEJIMHE

ox
JOJIAHOE M. XOJMAH u AHBEJIIUJE B. BYKAHOBHUR-CTE®PAHOBHR

MeKoHCKa KHCeNHHA je CTalaH IpaTwialn ajnkaiouga onujyma. Cem
CIIeKTpO()OTOMETPHjCKHX, INO3HaTe Cy M Tosaporpadcke meroxe 3a oapehu-
Bam€ MEKOHCKe KucenuHe y onujymy. Kirkpatrick (1) je npBu nomaporpac-
CKM MCIIMTHBA0 MEKOHCKY KHMCEJIMHY M YTBPIHO Aa Ce PeAyKyje Y KHCeoj,
HeyTpayHoj M Ga3Hoj cpemunu. OBaj ayTop je 3a oxpehuBame MEKOHCKe
KHCeJIMHe NpeUIoKHo pacTBop cupheTHe kucenuue umje je pH oko 3, jep
Ce y HeyTpaiHOj H 6a3HOj CpeMHM jaBJbajy jeXaH A0 ABa Joiue GopMupaHa
tanaca. JJo cimyHMx pesyntara otk cy Hobza u Santavy (2) npu ucnuru-
Bapy mnonaporpacdcke peayKimMje MEKOHCKe KuceianHe y Britton-Robinson-
-oBoM nydepy. OmuMpHHja MCIMTHBaKba MEKOHCKE KHUCEJIHHE BPIUWIM Cy
Tnappimes u Toncruxos (3) y pactBopuma HCl, NaOH, KCI u y amonnjau-
Hom ny¢depy. OBH ayTopH Cy YTBPAWIH [a je Y KHCeJIOj CPeXHHH PeXyKuuja
MEKOHCKE KHCEeJIMHE peBep3UGHIHA M ABOEJEeKTpoHCKa. OHM Cy npernocra-
BWIH Ja je 1TojaBa jeQHOr [0 ABa Tajaca PasjM4MTe BHCHHE Y 3aBHCHOCTH
ox pH npoy3pokoBaHa pa3JIMYATHM jOHCKHM OOIMIIMA MEKOHCKE KHCEJIMHE,

YV mwby ofjaumbema MEXaHH3Ma peaKi[Hjeé MEKOHCKE KHCEJIHHE Ha
Karnajyhoj >KMBHHOj €JIEKTPOJH, MH CMO, IIOpeJl MEKOHCKE KHCEJIHHe, mapa-
JIEJIHO MCTIMTHBAIHM M PEAyKLHjy MOHOETHIECTPAa OBE KHCEJIHMHE.

EKCIIEPUMEHTAJIHH IEO

Peazencu — 1. MekoHcka KuceanHa (3-xuapokcu-4-kero-1,4-nmupaH-2,6-auKap6oHcKa
kucenuna, C;H40; . 3H:0) ¢upme BDH.

2. Ecrap mMeKOHCKe KHCeJIMHe No0HjeH je U3 Ge3BoaHe MEKOHCKe KuceluHe no Lau-
tenschlager-y (4).

3. Britton-Robinson-oB mydep koxuenTpaunje 0.04 M y pH o6nacti 1.80 — 11.30
NPH KOHCTAHTHO) joHCKOj jaumuu p = 0.1 (NaClOj,).

Auapaiiu — 1. pH-merap ,Radiometer 22”

2. ,,Cambridge”-nonaporpad ,Pen recording” tum. Ymorpe6/rena xanunapa uma
cnenehe kapakrepuctuke y 0.1 M KCl Ha norenumjany — 1.0V (ZKE), npu hgxor =58 cm :
t=2.7s, m = 3.38 mg sec”!. Ilomaporpamu cy ysetH y atmocdepu azora 10 muHyTa
nocJie NMpaB/beéHa PacTBOPa, a 3aTHM Cy NMOHOBJbeHM nociie 20, 30, 40 u 50 munyra. Me-
peBa Cy BpIleHa Ha COOHOj TeMmepaTypH.
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PE3VJITATU N JTUCKYCHJA

ITosapozpaduja MeKOHCKe KucesuHe upu pasauvuiaus pH

VY pH o6nacta 1.80—2.30 MEKONCKa KMCE/MHA CC PEAYKYje Y jeaHOM
cTynmy y3 f06po ¢opmupaH Tasac MCTe BHCHHE, JIOK CC MOJTyTaJIaCHH IOTEH-
IMjasl TIOMEpa Ka HETaTMBHHjHM BPE/HOCTHMA (cn. 1).

=04V

Cauxa 1. Figure
ITonaporpam MEKOHCKE KHCCJIMHE Y Britton-Robinson-oBom
nydepy npu pH 1.80
Polarogram of meconic acid in Britton-Robinson buffer at
pH 1.80.
c=233104M, p=0.1

Oxn pH 3 o pH 6 BucuHa Tasnaca onaja y3 NojaBe MAKCHMyMa M MHHH-
Myma, KOjH Ce HE MOTY eJIMMMHHCAaTH NONaTKOM KAIIWJIAPHO aKTHBHMX CyI-

=00

-090

~1.00

=110

—120

Eyg UV

craHum. IlapajeTHO ce IMoMepa H
nosTyTanacHu moteHumjat (ca. 2,
KpuBa 1).

2 3 4 s ¢ 7 L] pH

Cauxa 2. Figure
3asucunoct El/; on pH.

Dependence of EY, on pH.
1. Mexoncka Kucennna — Meconic acid

2. MoHoeTilecTap MEKOHCKe KucenuHe — Monoethylester of meconic acid
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Ilpn ToMe ce jaB/ba M OPYrH TajaC Ha HETaTHBHHjeM IMOTCHLHMjATY,
KojH HHje no6po ¢opmrpaH 36or GIIMCKOr NOTEHIMjaa pa3jIaramka OCHOBHOT
estektporuTa (ci1. 3).

505

Cauxa 3. Figure hay s
IlonaporpaMH MEKOHCKE KHCEJMHE Y
Britton-Robinson-oBom mycdepy npu
paamsuntim pH. BpojeBr o3nauaBajy pH.

Polarograms of meconic acid in Britton-
Robinson buffer at various pH. Numbers
indicate pH.

c=233 104 M, p=0.1 -06v  -07v -7V -g7v —

IIpu pH 6.45 mocroju camo Tajac ca HETaTHBHHjMM IOTEHI[HjaJIOM
(E'/2 = —1.34 V), koju je cnabo ¢dopmupan. Ilpu namem mopacry pH
HACTajy [Ba TajJaca KOjH Ce CTanajy.

MexkoHcka xucenuHa je Tpo6asHa (HsA). Ilpema Miyamoto-y u Broch-
mann-y (5) o MPBOM CTeNneHy AUCOLHjalMje, MEKOHCKa KHCEJIMHA je jaka.
Bpeanoctu 3a pKs u pKs, koje cy ayTopH OXPENHIN NOTEHIHOMETPH)CKH,
u3noce 2.13, omuocro 10.10 (p = 0.03). Koxg Hammx nonaporpadckux
HcrmTHBaka y pH obmacry 1.80 mo 11.30 Tpeba y3etn y 063up oaroBapajyhu
CTeneH AMCOLHjalMje MEKOHCKe KucenuHe. IIpema tome, npu pH 1.80 npBa
IHCOLMjalHja je MOTNyHa M mnonaporpadCcKM Tanac NpHNaga pexyKIHjH
jenHoBanentHor axjoHa (HeA~). Ha pH > 2 nonasm y o63up Opyru crenex
JcoLHjalHje:

H:A- = HA> + H*

Ox pH 3 no pH 6 No3UTHBHHUjH Taac HacTaje ycJiel peAyKIHje jeJHOBaJIeHT-
nor aHjoHa (H2A™), jep ce o6imk GoraTHju IPOTOHMMA JIAKIE DEAyKyje.
JlpyrH, HEraTMBHHjU Taj1ac NpHNajaa ABoBajieHTHoM aHjoHy (HA2-). ITopac-
Tom pH KoHIEHTpamuja jeHOBaJICHTHOr aHjoHa ONaja, Na, IpeMa TOMe,
ollaJia ¥ BUCHHA IIO3UTHBHHUjer Tayaca. KapakTep oBor Tajiaca CMO HCIIUTHBAJIH
Ha OCHOBY 3aBHMCHOCTH BHCHHE Tajlaca Of BHMCHHE >KMBHHOr cryba y pH
obnacru 1.80—5.79 (cxn. 4).

IlpaBa koja omrosapa Tajacy npu pH 1.80 nmumeapHo je 3aBHCHa of

\/ h,g ¥ nposnasH Kpo3 KOODAMHATHH IOYETaK, Te 3HA4YHM Ja je OBa CTpyja
aucys3uoHor kapakrepa. MebhyTtnm, npaBa koja onrosapa Tanacy npH pH
4.33 ceue OpaHHATY, I1a je OBa CTPYja AEIMMHYHO JU(Y3HOHOr, & JETMMHUYHO
KuHeTHuUKor Kapakrepa. Ha pH > 4,33 BucHHa Tanaca BHIIE HE 3aBHCH
O BHCHHE >XMBHMHOI cTy0a, IITO JOKa3yje KMHETHYKH KapaKTep OBE CTpyje.

IToTBpaa Aa MO3UTHBHHjH TAJIaC MMa JEJTHMUYHO KHHETHUKH KapaKTep
nobujeHa je jol M3payyHaBameM KOHCTaHTe gucouujamuje pKgz nmpeko mosa-
porpacdcke JHCOLHjalHOHE KPHBE.

3aBHCHOCT BHCHHE NO3HTHBHHjer Tajlaca ox pH BpJio je cliMuHa KpHBOj
KOja ce K00Hja NOTEeHIMOMETPHjCKOM TUTpauujom. ITpu Tom ce jaumHa crpyje
[MO3UTHUBHMjET TaNaca imin MOXKE H3PA3UTH y %/, MaKCHMaJIHe I'PaHHYHE CTpYje
ia, Tj. Ka0 imimn - 102/ ig, rae je ia Aucdysuona crpyja npu pH 1.80, koja
OATOBapa MAaKCHMMAIHOj KOHLIEHTPALWjH jeQHOBAJIEHTHOr aHjoHa (ci. 5).
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JlobujeHa KpHBa NpeAcTaBiba NosiaporpadcKy AHCOLHjalMOHY KPHBY,
a pH BpegHOCT NpH imin = 50°; iq oaroBapa KOHCTAHTH JXUCOLIMjal[Hje.
3a pK2 nHabena je Bpeanoct 4.50 (u = 0.1), mwro je 3a 2.37 pH jeaunnna
Beha o BpegHocTH pK2 MEKOHCKe KHCEJIMHE 0OHjeHe ITOTEHIMOMETPH) CKOM

imin x‘ol
'd
100
80
I -uA
1.80
/ 80
43
2 /
0
1 —o 5.05
o $30 20
1 T 1 e
6 7
PHg 2 3 . 5 6 pH
Cauxa 4. Figure - Cauxa 5. Figure
3aBHCHOCT BMCHHE Tanaca o]l Vhug 3aBHCHOCT imin . 10%/ i4 ox pH
BpojeBu oanauaBajy pH. Dependence of imin - 10%/ia on pH.
Dependence of the wave-height on c=233 104 M, p=0.1

¥ hHg. Numbers indicate pH. ¢ = 2.33
104 M, = 0.1

tutpauujom (pKz = 2.13 npu p = 0.1). OBo nomepame NMpPOy3pOKOBAHO je
pexoMOHHaIMjOM ABOBAJIEHTHOT aHjoHa MeKoHcKe kucenmHe (HA2™) u Bomo-
HHKOBHX joHa. Haume, oTKjamame jegHoBasieHTHor aHjoHa (H2A™) ycien
IbEroBe peAyKIMje OMeTa PaBHOTEXKY AMCOLIHjallfje Ha MOBPLLIHHH eJIEKTPOjIe.
36or Tora ce aHjoHn HA2~ jeguHe ca BOJOHHKOBHM jOHHMA y3 CTBapame
H:2A—, na 6u ce ycrocraBwia paBHOTEXa AHMCOLMjalHje HAa €EKTPOAH Koja
oaroBapa aToMm pH. Ycnen pekomGunanmje Konue}rrpama)a H32A~ Ha enek-
TpoaK je Beha Hero y pacTBopy, Te BHCHHA IMO3HTHBHHjEr Tagaca 3aBHCH
on Op3mHe pexomOMHanuje.

CinuyHo oncrymname mosjiaporpadcke AMCOLMjal[MOHe KPHMBE Y OTHOCY
Ha TNOTEHLHOMETPHjCKY THTPALMOHY KPHMBY MPOY3POKOBAHO PEeKOMOHHAIIHjOM
MOCTOjM M KOJ MHOI'MX IPYFCHX OPraHCKHX KHCEIMHA, Kao, Ha MpHMEp: MHpPo-
rpokhane (6), oxcanue (7), dbraaHe (8).

Tanace npu pH > 6 HHUCMO MOIVIM aHAJIM3UPATH, MOWITO Cy JIOLUE
¢opmupanu.

Ionapozpaguja Mowoeiiiusecuipa MexoHcke Kuceaune wpu pazauuuiiusn pH

MoHoerHnectap MeKOHCKe KHceMHe je nBoOasHa kucenmHa (H2A),
jep je KapOOKCILTHa Ipyla MEKOHCKE KHCEJIHHE y MOJoKajy 6 GioxkupaHna
eTwi-pagukaiom (9). IIpBu crenen gucoumjaimje MOHOETHIIECTPA MEKOHCKE
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KHCEJIMHE NIPUNafa KapOoOKCIIHOj I'PYNH y NMOJIOKAjy 2, H MH CMO HalUUIH [a
je oBa mucondjandja jaxa. JIpyru cremeH QMCOIMjalMje IPHMaga XHAPOK-
CWIHOj Irpynu y nonoxajy 3, a pKgz, Koje cMO oApeawIH IOTEHIHOMETPH)~
CKOM THMTpaijoM, u3Hocu 8.42 (p. = 0.03).

ITonaporpadcka peayKudja MOHOETHIIECTPA MEKOHCKe KHceamHe y pH
o6nactu 1.80—6.45 Bpuum ce y jeqHOM CTymiby y3 CTBapame goopo ¢dopmu-
PaHOr TaJjlaca, YHja Ce BUCHHA IPaKTHYHO He Meha HM ca mpomeHoM pH HuUTH
CTajambeM y TOKY jemHor daca (ci. 6).

. 180 6.45
Cauxa 6. Figure

ITosnaporpamu MOHOCTHIIECTPa MEKOHCKE KH-

cerme 'y Britton-Robinson-oBom nydepy

opE paznmuutiM pH. BpojeBH o3Haua- <
Bajy pH. 11

Polarograms of monoethylester of meconic

acid in Britton-Robinson buffer at various pH.

Numbers indicate pH. C=2. 1074 M, 02v
w=0.1 —04v

Mebyrum, nopacrom pH nosyTaacHH MOTEHUMja ce romMepa Ka Hera-
THBHHjUM BpeaHocTHMa (CJlI. 2, KpHMBa 2).

Kao mrro ce Ha ciamum 6. Bugu, y pH obGiactu 1—6 ko MOHOeTw:I-
€CTpa MEKOHCKe KHCEeJIMHe He J0J1a3M [0 NojaBe mosiaporpadcke gHCOIMja-
[HOHE KPHBE IIPH HCIIMTHBaKy 3aBHCHOCTH BHCHHe Tanaca of pH. Idobujenn
tanac Ha pH < 6 Hacraje ycien peaykuuje jeqHoBasieHTHor aHjoHa (HA™).

ITonaporpaMu MOHOETHJIECTPAa MEKOHCKe KucemmHe y pH oGmactn
1—6 mepMHMTHBHO Cy NOTBPAWIM 2 je nojaporpadcko NMoHallakbe MEKOHCKe
xucenuHe y pH obiacty 3—6 nmpoy3poKOBaHO APYIHMM CTENEHOM JIHCOLM-
jalMje MEKOHCKe KHCeJIMHe, Koja OAroBapa KapOOKCHIJIHO) rpyNH y IOJI0-
xajy 6.

Ha nonaporpamuma MOHOETHJIECTPa MEKOHCKe KHcenuHe uHje je pH >7
jaB/pa ce Ha HEraTMBHHjeM NOTEHUMjaly M ApPYrH Jowe GopMupaH Tajac.
MebhyTm, OBH noJlaporpaMy Ce CTajambeM MEHajy, Talac ca MO3NTHBHHjHM
MOTEHI[HjAJIOM OMajaa, a TAJaC ca HEraTMBHMjHUM IIOTEHUMjajioM ce noBehana.
OBa npoMeHa HacTaje ycCJed XHAPOJIM3e eCTapcKe rpyme. BpaunHa Kojom
ecrap xuaposm3yje noBehaBa ce nopacrom pH m npu Behum pH nonapo-
rpamMu ce BpemeHoM Gprke memajy. Ilpu pH 11.30 cBe>k pacTBOp jour noka-
3yje maBa Tajsaca, a nocie 10 MuHyTa mocroju camo jemas, Joire (HopMHpaH
TaNac, KOjH je BpJIO CITMUaH Tajlacy MEKOHCKe KHcenuHe npu uctom pH.

H3BOIO

HcnuruBan je yrunaj pH Ha nonaporpadcKy penyKuHjy MeKOHCKe
KHCEJIMHE M MOHOETWIECTPa MEKOHCKe KHcesimHe y Britton-Robinson-oBom
nydepy y pH obnacru 1.80—11.30 (. = 0.1). Ilpu ofjaiumemy penyxumje
OBHX jeHIbEEA Y3eTH Cy Yy 00O3Mp HHXOBHM OAroBapajyhH cTeleHH RuCOLM-
jammje.
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MexkoHcka kucennHa ce y obnactu pH < 3 penykyje xao jeqHOBaIeHTHH
aHjOH Y jeHOM CTynmy y3 mo6po ¢opmupaH Tamac au¢Y3HOHOr KapaKTepa.
¥V pH obnacte 3—6 apyra, jome ¢opMHpaH Talac jaB/ba Ce HA HETATHBHHjEM
TIOTEHLIMjaJTy KOjH IpMIIajia JBOBAJICHTHOM aHjOHy. BHCHHA NO3HTHBHMjer
Tajylaca onana nopactom pH y o6ymky nmosaporpad)cke guconmjaiHoHe KpHBE,
M Tako qobujeHa BpemHoct pKz (4.50) Beha je ox BpemHoctn pKae nobujene
TOTEHIHOMETPHjCKOM THTpammjom (2.13). OBo oacrymame ofjanmbeHo je
PeKOMOHHAIjOM ABOBAJIEHTHOr aHjOHA Ca BOJOHMKOBHM jOHMMAa Ha IOBp-
ILIHMHH eJIEKTPO/JIa Y3 CTBapame jeIHOBAJICHTHOr aHjoHa. KUHeTHUKH KapakTep
Tajlaca Ca TNO3WTHBHMjUM noreHimjanom y pH obnactu 4.33—5.95 mokasan
je McnMTHBameM BHCHHE Tajaca Y 3aBHCHOCTH OJi BHCHHE YKHBMHOI CryGa.

Konx MoHoeTrHiiecTpa MEKOHCKE KHCEJIMHE j€ IIOTEHIMOMETPHjCKOM
THTpammjom oznpehena Bpemuoct pKe (8.42), ;mok je Amcommjaimja npsor
creneHa jaka. Ilpu nonaporpadckoj peaykimju y pH oGaacrn 1.80—6.45,
rje je ecrap IPHCYTaH Kao jeJHOBAJIEHTHH aHjOH, no0mMja ce camo jemaH
no6po dopmupan Tasnac 4Mja ce BUCHHA He Mema npomeHom pH. OBa unme-
HHIA je Takohe MoTBpAMIIA 12 je nojaporpad)CKo MOHAIAKke MEKOHCKE KHCce-
smue y pH o6i1acth 3—6 npoy3poKOBaHO APYTHM CTEIIEHOM THCOLIMjalfHje
OBE KHCEJIMHE.

3a nsBoheme oBora paja KopuiiiheHa Cy H MaTepujanHa cpeacTBa POHJA 32 HAYUHH
pan CP Cpbuje.

DapmalieyTcku ¢akysrer, INpummpeno 10. HoBemGpa 1970.
3aBox 3a HEOPraHCKY M aHAJIMTHUYKY XCMHjY,
Beorpang
SUMMARY
POLAROGRAPHIC STUDY OF MECONIC ACID
by

JOLANDA M. HOJMAN and ANDELIJA PUKANOVIC-STEFANOVIC

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 (n = 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 pKs (4.50) is greater than the value
pK: 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 pKa was deter-
mined by potentiometric titration (8.42), while the dissociation of the first



TIOJIAPOTPA®CKO MCITUTUBABE MEKOHCKE KMCEJIMHE 135

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.

Faculty of Pharmacy Received November 11. 1970.
Institute of Inorganic and Analytical Chemistry
Beograd
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NPUJIOT ITIO3HABABLY PEAKIIM]E 2-XHHOJIMHKAPBOHCKE KH-
CEJIMHE CA HEKUM AMHHHMA APOMATHYHOI' U XETEPO-
IIUKJIMYHOI' PEIA

on
TIETPA M. JALINRA, BOPHBOJA JI. BACTHRA u MUPOCJIABA B. THJIETHRA

Y oBoM paxy, KOjH INpeACTaB/ba HACTABAK HALIMX MCTPAYKHBaKka Yy
0071aCTH XEeTEPOLMIVIMYHUX jeAHEbEHa Ca4 KUCEOHHKOM, CyMIIODOM M a30TOM
Kao XeTepoaTOMHMA, H3BpIllEHa je CHHTe3a MACpHBaTa BHILlE Pa3IMYMTHX
XETEPOLMKTHYHMX CHCTEMA Ca INETOWIAHHM IIPDCTEHOM KOjH Yy MOJoXKajy 2
cafp)ke 2-XHHOMWIHK ocratak. IlojeqnHa o OBHX jemumbema Ouia cy mos-
HaTa ofipaHHje, aJIH Cy MoOHjeHa Ha Jpyre HauMHe, QOK je BehHHa cafa NMPBH
NyT CHHTETH30BaHa.

Jenumema aHanorHe CTPyKType Haja3e NPHMEHY Kao JIEKOBH, ¢GyH-
FELIMIH, KOH3€PBAHCH, NpH H3paau dororpadckux ¢HiIMoOBa, Y TEKCTHIHO)
MHIYCTPHjH, 32 BYJIKAHA30Bame I'yMe, Y aHAIUTHYKOj XEMHjH, HTA. 3a Hac
OHa uMajy noce6aH 3Hauaj, jep MPeACTaBJbajy ACrpPajallMOHE NMPOXYKTE KOM-
IUIMKOBAHH)HX XETEPOLMIUIMYHMX CHCTEMa KOjH HACTajy peaKiMjama KOH-
eH3alje BHIIEBAJICHTHMX KHMCEJIHHa XHHOJIMHOBOT pela Ca pa3IMYHTHM
aMHHMMa, KOje MH Takohe HM3yuyaBaMO, TaKO Ja MX MOXKEMO yMOTpeGHTH 3a
AOKa3 HBHXOBE CTPYKType.

3a CHHTe3y jeauIbeHha Y OBOM pagy KOPHCTWIH CMO Cé HHTEPMOJIEKYJI~
CKOM pPeaKIMjoM KOHIeH3amuje H3mel)y 2-XHHOJIHHKapOGOHCKEe KHCEJIMHE M
oarosapajyhux o-JHAMHMHA, OJHOCHO O-CYIICTHTYMCAHMX aMHHa apOMaTHYHOI
M XETEPOILMKIIMYHOr pefa, LITO Ce MO)Ke IPHKa3aTH ciieAchoMm oniuTomM peak-
IMOHOM CXEMOM:

NH2 N
+ R- COOH ————— \\\C-R +'2'H°
‘ 2
e
X-H X

rae je X jemHako NH, O min S, a ymecro ¢eHMICHCKOr OCTaTKa MOTy ce
HaTasHTH oaroBapajyhu ocraim HadTaIMHA, OQHOCHO IMPHAMHA, IOK je
R 2-xnHonmnmm ocrarak. IIpu ToMe HacTajy IepMBAaTH PasHHMX XETEPOLMK-
JIMYHHX CHCTEMa KOjH Y IIOJIOXKajy 2 CaApi)Ke 2-XMHOJIWIHM OCTAaTaK.

MHu cmo ce y OBOM paJy OrpaHHYWIM Ha peaKkuujy H3mely 2-XMHOJIMH-
KapOOHCKe KHCenMHe (XHHAIQUHCKE KHCEJIMHE) H HM3a amuHa (o-amuHode-
HOJI, O-amuHOTHOGeHON, o-beHwneHaUaMuH, 1,8-muammnonadranmu, 1,2-
-HaMHHOHA(TAIHH, 2,6-IHaMHHOIMPHINH H 3,4-IMaMHHOIMPHIMH). YTBp-
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OWIM CMO peaKIMOHe YCJIOBE 38 CHHTe3y IPOAYKAaTa y PEJIaTHBHO XoGpom
MPHHOCY H H30JIOBUIH CMO HX M3 DEaKIWMOHE CMEINe HAa jeHOCTABAH HAYMH.
IIpu Tome cMO yONIUITHIM HaYyHH paja H pa3’paJWid METOLY KOja Ce C MamHM
BapHjalMjama TNpHMEBYje Y CBHM TNOjEHHHM CJIy4yajeBHMA.

XHHOJWIHH [AepuBaTH OGeH30Kca3oia HHCY OO cafa OWJIM IIO3HATH.
IIpBo cMo nokywianu Aa AoGujemo 2-(2-XHHOIWI)-6€H30KCa30/1 3arpeBameM
E€KBHMOJIEKYJICKe CcMellle 2-XHHOJIMHKapOOHCKe KHMCelMHe M o-amuHOdeHOoNa,
NpH YyeMy cMO, MeljyTHM, Kao IMPOAYKT PeaKIHje H30JI0BAJIH HHTEPMEIHjapHO
jenumeme THna amwmaa (I). ¥V cnemehoj mpobu ynorpe6bwm cmo kao Kara-
JIA3aTOP 33 PeaKIHjy IHKIIH3alMje B Ka0 PeaKI[MOHM MeRujym nomdochopry
KHCEJIHHY, OCjlalbajyhH ce Ha paHHje pajiloBe Y KOjHMa CE€ OHA NpHMEmbYje
KOX aHalorHux peakudja (1). 3arpeBameM eKBHMOJIEKY/ICKHX KOJIMUYHHA
2-XMHOJIMHKapGOHCKe KHCEeJIMHEe M O-aMHHOGEHO0Ja, Y NMPHUCYCTBY noymdoc-
tdopue kucenune, gobujen je 2-(2-xmmosmwn)-6ensokcason (II).

o o
L0

2-(2-xuHOIHT)-6eH30THA30J je NO3HATO jemumeme (2), ama ce aobuja
Ha KOMIUTMKOBAaH HAYHH, 3arpeBambeéM XHHAJIOUHA, aHHJINHA U eJIEMEHTapHOr
cymnopa, y Toky 20 h, npu yemy je npuHOC Masii. Mu cmo ra o6 3arpe-
BalkeM EKBHMOJEKYJICKMX KOJHYHMHA 2-XHHOJIMHKAapOOHCKE KHCEJIHHE H
o-amuHOoTHOdEHONIa, aIH CMO, 3a paIMKy of 3y6apoBckor M Boponmue
(3), KOjH Cy aHAJIOrHy peakiMjy xobGHjama NMHpHANNIGEH30THA30J1a BPLIHIH
y 38TOIUBEHOj LIEBH, PAQWIH Y NPHCYCTBY NOJHPOCPHOPHE KHUCENUHE M [0~
61H 2-(2-xuHom)-6eH3ornason (I1I) y Beoma ZoGpom npUHOCY Of OKO 65%,.

2-(2-xuHONMMIT)-GeH3UMMIa30J1 je MOo3HaTo jeaumeme (4, 5, 6, 7), Koje
HaJIa3¥ MPaKTHYHy NPMMEHY H 4Hje je moOujame 3airrnheHo nareHTom. Mmu
CMO HEroBY CHHTe3y H3BpUIIHM y OCHOBH Meromgom mo Govindan-y, anm y
npucycrBy nonudocgopHe KucellMHe, IIPH YeMy CMO IOCTHIVIM BehM NmpHHOC
(62°, y omnocy na 50%,) ox Govindan-a (IV).

Peakuponu MpogyKTH KOjH HacCTajy NPWIMKOM peaKiuje KOHREH3alHje
2-XHHOJHHKapOOHCKe KHuceiauHe ca 1,8—, ommocHo 1,2-mmamuHOHadTAIH-
HOM, HMCy R0 capga Gwiu nosnatu. Ilpm peakimju u3mely 2-XHHOIHMHKap-
GoHcke kmucemmse H 1,8-guammnnoHadranmia ¢opmmpa ce oxrosapajyhu
OepuBaTr TerpaxuaponupumuauHa (V). Kog ananorse peakumje ca 1,2-mu-
aMUHOHa(QTAIMHOM Takohe je H30JI0BaH NPOAYKT peaKudje IMKIH3alHje
(VI). ¥V oBoM ci1yyajy peakTHBHOCT 00e aMHMHO-TPYIIE 32 PeaKIHjy HyKJIeo-
dwiHe cyncTtuTylMje HHje OUMIVIEQHO IIOAjEeHaKa, IUTO, MehyTHM, Hema
3Hayaja 3a CTPYKTYpPY PEaKLMOHOr IIPOAYKTA, NOIUTO KOJ Hera IOCTOjH
moryhHOCT TayToMepHje.
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IIpogyxTy peakimje 2-XHHOMMHKAapGOHCKE KHCENHHE ca 2,6—, OHOCHO
3,4-qHaMHMHOIMMPHUIMHOM HHCY Takohe no cama 6unu mosuatu. Ca 2,6-mu-
aMHHOIIMPHIHHOM H30JI0BaHO je jequmberbe THna moHoaHwmuaa (VII) u mmje
ce Morao ROOATH DPOAYKT LMKJIM3alMje THNA TPHA3UHA, BEPOBATHO YCJIEL
crepHux cmermbH. Hacympor Tome, M3 peaKijMOHe cMellle eKBHMOJICKYJICKHX
KOJIMYMHA 2-XMHOJMHKAPOOHCKE KHCEJIHHE M 3,4-IHaMHHONMMPHIMHA H30-
JIOBaH je y mpuHocy ox 899, omroBapajyhu npomyxr mmiomsauuje (VIII).
H y oBoM ciTydajy HHje CBejeHO KOja aMHHO-TPYIIA CTYTa NPBA Y PEaKIMjy
ca KapBOKCHJIHOM IPYTIOM, LITTO, MelyTHM, TaKole HeMa yTHIIEja HAa CTPYKTYDY
Kpajiber MPOQyKTa, KOX Kora MOCTOjH MOTyhHOCT 3a TayTOMEpHjy.

QOQ QL0

Mosxe ce nNpeTnocTaBHTH, ¢ 063HPOM Ha €JIEKTPOHCKY CTPYKTYPY IHpH-
JMHOBOI' je3rpa, KoJ KOra je y Iojiokajy 3 eJIeKTPOHCKa I'yCTHHA HELITO
Beha Hero y nonokajy 4, Ia je aMMHO-Ipyma y noJjioxajy 3 Hyki1eopHTHHja
OJX aMHHO-TPYTIE y TIOJNIOXKajy 4 M Aa yCJiex Tora OHAa NPBa CTYNA Y PEeaKuujy
ca KapGOKCHJIHOM rpyroM. AHalorHo H kop 1,2-IHaMHHOHA(TAIHHA AMUHO-
-rpyna y nojio>kajy | peakTMBHHja je 3a peakuMjy HyKJIeoHJIHOr Hamajga
O aMHHO-TPYIIE y MOJIOXKAjy 2.

Crpykrypa QOOGHBEHMX jeqHHCHA JOKa3aHA je pe3y/ITaTUMa ejleMeH-
TapHEe aHWIM3¢ H pasmaTpambem mHXoBHX IR-cmekrapa.

EKCITEPUMEHTAJIHU IOEO

Tauxe TOIIbEeH-4 HABEACHE Y OBOM PANy HHCY KOPHTOBSHe.

1. Kondensayuja 2-xunosunxapborcke xucesune u 0-aMunopenosa

VY GasioH on 50 ml ca nyrum rpsiom cTaBu ce 1 g 2-XHHOIHMHKAPOOHCKE KHMCEIMHE
1 0.63 g o-ammEOdeHONA (CKBHMOIEKYJICKE TEKHHE) K 3arpesa ce 3 A Ha 190°—210°, Ha
IHQOBHMA PCAKIMOHOr CyAa H3jgBaja ce BoAa. IIpm xymahemy cmela ouBpCHe M TAMHE je
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Goje. PactBopu ce y 969, eratony, obpaaM aKTMBHHM YTJbeM, IIpOLEAM H AOAR BOAA IO
npBor 3amyhema. Ilocne ayker crajama H3gBajajy ce kpucranu (I), y mpasocy ox 0.37 &
OxHOCHO 249%,. CHpOBH NPOAYKT C€ NMPEUHUCTH BHILECTPYKHUM NPCKPACTRIHCABALEM, T).
pacTBapambeM y 969, eTaHOTY H TalOXKeHeM BoaoM. T. T. YHCTHX KpHcTrana je 216°—218°.

H3pauynaro 3a CgHi1sN20: (I) : C 72.719%, H 4.57% N 10.59%,
Habeno :C7234%  H4.06% N 10.93%

2. Kondensayuja 2-xunosunxapboHcke KuceauHe u 0-oMuHoPeHosa y Upucyciaey tio-

augocpopre Kucesure

VY 6anon ox 50 ml ca ycpaBHMM KOHOEH3aTOPOM M 3alUTHTHOM neBumnom ca CaCls
cTaBH ce 1 g 2-xuHONMMHAKap6oHCKe KucemuHe U 0.63 g o-amuHOMeHONA (CKBAMOJICKYJICKE
KOJIMUMHE), a 3aTHM cc noaa 15 ml nommdochopHe xucenuue (Fluka). Peaxipaona cmema
ce 3arpeBa 3 h Ha 190°—210°, y3 noBpeMCHO MeIIaH¢ MarHeTHOM memamunoMm. Ilocne
3aBpllleHe peakumje jomt Bpyh canpikaj Gasona cuna ce y 300 ml Boge, npH ueMy ce H3-
ABaja tajnor 2-(2-xuHonun)-6ensokcasona (II), koju ce mocsie ay»ker crajamba IPOLICIH.
IIpunoc je 0.63 g, oqHocHO 449,. CHpPOBH IMPOAYKT C¢ BHINE NYTa NPEKPHCTAMINE pac-
TBipalkeM y 969, eTaHoiy, TpeTHpameM SKTHBHMM YT/beM M TWJIOXKCEHEM BOAOM. T.T.
YHUCTHX KpHcTana je 175°.

Hapauynato 3a CigHi10N20 (II) : C 79.65% H 4.099%, N 11.37%
Habeno :C79.28%  H 3.68% N 11.67%

3. Kondenzayuja 2-xurosunxapboHcKe KUCEAUHE U O-GMUHOWGUOPEHOAR ¥ UPUCYCISY

Zosugpocopre Kucesume

VYV anapary kao mrro je rope omucaHo (nog 2) craBu ce 1 g 2-XMHOJIMHKapGOHCKe
xucesmHe H 0.72 g o-amHHOTHOdeHONA (EKBHMOJICKYJICKE KOJIMUHHE), & 3aTHM Ce 1013
10 ml nomudochopue kucenmHe. 3arpesa ce 3 & Ha 130°—140°, y3 noBpeMeHO Mellame.
TlIo 3aBpureHoj peakimjn Bpyha cmelua ce cuna y 300 ml Boae, ImpH ueMy ce NpBO H3[Baja
yibe, KOje OY)KHM CTajal-eM y3 Mellame IpenasH y jKyTo3ejeHe KpHcrane. IIpuHoc je
0.99 g, ogHOcHO 65%,. CHpOBH IPOAYKT ce PacTBOPH Y 969, €TaHONy, TPETHPa aKTHBHHM
yribem R npouemd. Ilpu xnahewy ce usaasajajy Kpuctanm 2-(2-XMHOMWN)-6eH30THa’oNa
(III), KojH ce MpeuNCTe BHIIECTPYKHMM NpPEKPHCTAIHCaBameM M3 969, eramona. T.T. umc-
THX KpHcTana je 203° (2).

Hapauynato 3a CjgH10NeS (IIT) : C 73.25% H 3.849, N 10.67%
Habeno : C 73.30% H 3.65%, N 10.52%,

4. Konoensayuja 2-xunosunxapboHcKe KUceAuHe u O-PEHUAEHOUGMUNA Y UPUCYCciliey
toaugocopne Kucesune

VYV anaparypy Kao IUTO je rope omMcaHo (mox 2) craBH ce 2 g 2-XHHOJMHKapGoHCKe
wucenuHe U 1.22 g o-¢peHmneHaMamuHa (EKBHMOJIEKYJICKE KOJIMUMHE), & 3aTHM Ce Hoaa
30 ml nomdochopHe KucemHe. 3arpeBa ce y3 MOBPEMEHO Memame 3 A4 Ha 190°—210°.
3atum ce Bpyha cmewa cumna y 300 m! Boge. IIpBo6HTHO M3OBOjEHO yibe CTajaEeM Ipe-
na3u y kpucrane. IlpuHoc je 1.75 g, ogHocHo 619;. CHpPOBHM NPOAYKT Ce MPEYHCTH BHIle-
CTPYKHM pacTBapameM y 969, eTaHOJIy M TaloeweM BOOOM. T.T. YACTHX KpHCTaIa je
218°—220°, wrro oarosapa T.T. 2-(2-xHHOIHN)-Genaumupasona (IV), nmos3maroj U3 nmre-
parype (4—7). IR-cnekTap: vmax = 3440, 1620, 1290 cm™~1. (IV).

5. Kondensayuja 2-xunonunxapboncke xuceaune u 1,8-0ouamunonadicaruna

VY 6anon ox 50 ml ca gyrum rpjom crtaBd ce 1 g 2-XMHOJIMHKAPGOHCKE KHCCJIHHE
u 0.91 g 1,8-quamuHOHacTanMHa (eKBMMOJIEKYJICKE KOJIMYMHE), a 3aTHM ce 3arpeBa 2 A
Ha 180°—190°. Tlocne xnahema peakunoHa cmewia ce Tpetupa 96%, eranonom (Beha xom-
yuHa). PacTBop ce o0paau aKTHBHUM YIibeM, a GHATpaTy ce mona BOAa, MPH YEMy Ce M3-
nBaja upseHoMpk Tasor (V). ITpuroc je 0.58 g, oqHocHo 349%,. IIpewinnhaBame ce Bpmm
BHUIIECTPYKHMM pacTBapameM y 969, eTaHoiy M Talo)KemeM BOAOM. T.T. YHCTHX KpHCTana
je 290°—300° y3 yribeHHCame.

Hapauynato 3a CoHisNs (V) : C 81.339, H 4.44%, N 14.239%,
Habheno : C 80.73% H 4.16%, N 13.69%
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6. Kondensayuja 2-xunosunxapboncke xuceaure u 1,2-ouamunonadi@aruna

V Ganony ox 50 ml ca gyrum rpyiom 3arpesa ce 2 h Ha 180°—190° cmemua 1 g 2-xu-
Ho/MHKapOoHcKe KucennHe ¥ 0.91 g 1,2-quaMmnHoHa¢TAIHHA (EKBUMOJICKYJICKE KOJTHUMHE).
Ilocne 3aBpleHe peakuuje cMellia ce TpeTpa 969, eTaHOJIOM, IIPH YeMy Ce CBE He pacTBapa.
DWITPaT Ce TPETHPa aKTHBHHM YIJbeM, MPOILEAH, A0Ja Ce BoAa M OCTaBH Aa cToju. Ilocne
Iy:Ker BpeMcHa u3aBajajy ce kpuctamm (VI). Ilpunoc je 0.42 g, omHocHo 249%,. CupoBu
NPOAYKT C€ MPEUHCTH PacTBapameM y 96°, eTaHOJy M TaJIOXKEHeM BOMOM, LITO Cé NOHOBH
BHuwe nyra. T.T. yHcTHX KpHcTana je 203°—205°.

Uspauynaro 3a CaoH1sN3 (VI) : C 81.33% H 4.44%, N 14.239%,
Habeno : C 81.02% H 4.29%, N 13.829,

7. Kondensayuja 2-xurosunxapborcke kuceaure u 2 ,6-0uaMuHofiupuoura

Y 6aioH ox 50 ml ca QyrHM TpJIOM CTaBH ce 2 g 2-XHHOJIMHKapOOHCKEe KHCeTHHE
H 1.26 g 2,6-quaMHHONMMpPHAMHA (€eKBHMOJIEKYJICKE KOJMuMHe). 3arpesa ce 2 h Ha 230°—
240°. CupoBM NPOAYKT ce TpeTHpa 969, eTaHONOM, Y KOMe ce CBe He pacTBapa. PacTBop
ce o6paay aKTHBHHM YTJbEM, NPOLEAN M JOA2 BOAA, NPH YeMy Ce H3[BAjajy KPHCTaIH
(VII). Ilpymoc je 0.86 g, omHocHO 24%,. IlpeunhaBame ce BpiuM pacTBapameMm y 969,
€TaHOJTy M TAJIOXKEHEM BOIOM, LITO CE MOHOBM BHILEC IyTa. T.T. YMCTHX KpHCTaja je 165°.

Hapauynato 3a CisHiaN4O (VII) : C 68.179% H 4.589, N 21.20%,
Habeno : C 68.20% H 4.63%, N 21.419%
IR-crieKTap: vmex = 3480, 3360, 1685, 1610, 1530, 1305 cm—!.

8. Kondensayuja 2-xunosunxapborncke xuceaure u 3,4-0uamurnoteupuduna

V 6anon ox 50 ml ca qyrum rpsiom craBy ce 0.89 g 2-XMHOJIMHKApPOOHCKE KHCEIHHe
H 0.50 g 3,4-AMaMHHOMMPHAMHA (CKBHMOJICKYJICKe KOJIHuMHe). 3arpeBs ce 2 A Ha 210°—
220°. Tlocne 3aBplueHe PEaKIHje CMELA Ce PacTBOPH A0A8BaIeM 969, cTaHONa, PacTBOp
Ce TpeTHpa aKTHBHHM YIJbeM, NpoueaH H Tanoxku Bogom. Ilpuxoc npoussoga (VIII) je
1.12 g, ogHocHo 899%,. CHpOBM MpPOAYKT Ce BHIlE MyTa MPEYHCTH Ha MCTH HaumH. T.T.
YHCTHX KpHCTana je 227°—230°.

Hspauynato 3a CisHioNg (VIII) : C 73.15% H 4.10%, N 22.75%,
Habeno : C 72.92% H 3.98% N 22.66%,

H3BOJ

Hcnurana je peakudja KoHAeH3auuje u3mehy 2-XHHOJMHKapGOHCKe
KHCEeJTMHHE M HH3a amHHa (0-aMmHHOdEeHOJ, o-amuHOTHOGdEHON, 0-(eHwIeHIH-
ammH, 1,8-muamunonadtanuH, 1,2-guamuHOHadTANNH, 2,6-THAMHHOITUPHINH
H 3,4-IMaMHHOIMPHMIHH) M M30JI0BaHM Cy oaroeapajyhu mnpomykta (I —
VIII), unja je CTPYKTypa JOKa3aHa €JIEeMEHTapHOM aHAJIM30M M MH(]paupBe-
HHUM CIIEKTpHMa.

Texnonomkn daxynrer, Hoeu Can, ITpumsseno 19. janyapa 1971.
Texnonowko-mMetanypuku ¢axynrer, Beorpag

HHCTHTYT 332 XeMHjCKa, TEXHOJIOIIKA H

METaNypIlIKa HCTPOKHBama,

Beorpan
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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. DZADZIC, 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—VTIII).
Their structures were confirmed by elemental analysis and infrared spec-
troscopy.

Faculty of Technology Novi Sad Received January 19. 1971,
Faculty of Technology and Metallurgy Beograd
Institute for Chemistry Technology and Metallurgy Beograd
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HCITMTHUBAIBE YTHIAJA KOHLUEHTPAIOMUJE HCl MU SiCl,; HA
ITPHUITIPEMY CVIICTPATA H EINIMTAKCHJAJIHH PACT Si

ox
AHIPEJE B. BAJTUYNRA n PACTKA H. POKHHURA

ITonupame IUTOYHIIa MOHOKPHCTIHOI CHUIMI[MjyMa Ca TAaCOBHTHM XJIO-
POBOJOHHKOM IIPEACTaB/ba jeJaH o HajeHKAaCHHjHX HayHMHA NpPUIIpEMe
CYICTpaTa 3a eMMTaKCHjaIHH pacT cuwimumjyma (1,2).

Y oBoM pagy OaTH Cy pe3yJTaTH MCIMTHBAaEkba peaKiHje TacoOBHTOr
HCl ca miounijama MOHOKPMCTaJIHOI CHJIMIMjyMa Ha TEMIlIepaTypama Of
1200°C u 1230°C y ycinoBuma pasnuuutux Opsuma nporoxka Hoceher raca,
BOJIOHMKa, H pa3nuuuTux KoHueHtpauuja HCl y crpyju Hoceher raca.

Ocum camor mojHpama CWIHIMjyMa y IGUBY [XoGHMjamka KpHCTaso-
rpad)CKH IITO CaBpILUIEHHjEr CNOja CYICTPAaT-elIMTaKCHjaJIHH CJI0j, NMOTPeGHO
je, HCTO TaKo, OAPEJUTH YCJIOBE Y KOjHMa CE PABHOMEPHO YKJIama CHUTHLIH)yM
Xy)X IUIOYMlie, y NpaBLy CTPyje raca, LITO NpeACTaB/ba HEONXOJaH YCJIOB
3a gobHjamke paBHOMEPHMX Ae0/bMHA ENMTaKCHjaIHHX CJIojeBa.

Ha ocHOBY aerasbHHjer HCNMTHBaMkha peaKlidje Harpusam . CHUTHIMjyMa
yTBpheHH Cy ONTHMAIHH YCJIOBH IPHMIIPEME CYMNCTpara 3a EMHUTaKCHjaJHH
pact. Ha Tako mpHnpem/beHMM IUIOUMIIaMa H3BOhEH je enUTaKCHjajlHH pacT
CWIMLMjyMa, TIpH YeMy Cy, ocum Op3MHa camora pacTa, y 3aBHCHOCTH Of
kouuenrpauuje SiCl, y racHoj ¢asu, ucrurane u Kpuctanorpagcke KapakTte-
PHCTHKE EeIMTaKCHjaJIHUX CJIojeBa.

AITAPATYPA U H3BOBEWE EKCIIEPUMEHATA

IllemaTcky nMpHKa3 anapatype 3a H3Bohemwe eKcriepHMeHaTa aar je Ha canuum 1. Ilpu-
JIMKOM WCIIHTHBalha YCJIOBA Harpu3ama IUIOYMLA MOHOKPHCTAJIHOI CHJIMLMjyMa €0 ama-
parype ca ,,6ouHom rpaHoM” BogoHMKa (3) u GapGorepom 3a SiCls (4) HHje ynoTpeGibeH.

IMporok Bogounka 1 HCI koHTponucaH je mepauuma rpotoka (1) u (2) pecneKTHBHO,
npu demy je HCl nobujan peakumjom nameby H2SO4 u NaCl p.a. kBanurera. Cvetua ra-
coBa je yBoheHa y peakTop (5) yHyTpallmwer npeuHuka 50 mm, ca jeJHOM ILIOUMLOM, KOja
ce Hasla3wna Ha rpadUTHOM Hocauyy npexpuBeHoM cinojem SiC. MHayKumoHu HamoTaju 3a
3arpeBam€ HOCaya NOBE3aHM Cy ca BHCOKOMPEKBEHTHHUM reHepaTopom cHare 9 kW.

ExcniepumenTi Ccy H3BoheHM ca MpoToLMMa BOOOHMKa ox 2, 3, 4, 5, u 6 lit/min.
H canprkajem 1—159%, 3aMpPeMHHCKHX HCl y oanocy na Bogonnk. Bpexe Tpajawa craxor
CKCTIEPUMEHTA H3HOCHJIO je 10 min. Ilnounue MOHOKpHCTana CHJIMLMjyMa npeuHitKa 20 mm,
opmjenTamje {111} mpe Harpusama y racHoj ¢asu Gusie cy OpylieHe, a 3aTiM XEMHjCKH
no/mpane y cMeni HF : HNOs = | ¢

* 143
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Cauxa 1. Figure
AnapaTtypa 3a Harpusame Si-Cyncrpata M eNHTaKCHjaJIHH PACT
Apparatus for etching Si-substrate and epitaxial growth

PE3VYJTATH EKCIIEPUMEHATA

IlpahemeM npomeHe Te)KHHE IUIOYMIE Npe M IIOCIE EKCIICPHMEHTa
onpehena je 3aBUCHOCT Gp3uHe Harpu3amka CHIIHLMjYMa mg /min OX KOJIHYHMHE
HCIl y racHoj ¢asu. Ha rpaguumma ciuke 2. H CiMKe 3. [fara je oBa 3aBHC-
HocT 3a Temmeparype 1200°C u 1230°C pecneKTHBHO.
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Cauxa 2. Figure

Bp3iHa HarpHaama IUIOYHUA CHIIHLMjYMA

Ha Temnepatypn ox 1200°C mpm pasiau-

ynutimM KoHueHTpawitjama HCl u mpoto-
UMMa BOJOHMKaA

Etching rate of the silicon wafers at
1200°C for various concentrations of HCl
and various flow rates of hydrogen
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Cauxa 3. Figure

BpsuHa HarpH3ama [UIOYMUA CHIIHINjyMa

Ha Temmepatypu ox 1230°C npu pasmm-

yutuM KoHueHTpauujama HCl u nporo-
LHMAa BOJOHHKA

Etching rate of the silicon wafers at
1230°C for various concentrations of HCl
and various flow rates of hydrogen
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ITopehemem pesynrata BHAM ce Aa je 3a ofpeleHH NMPOTOK BOMAOHMKA
n oxapehenn cappykaj HCl y BomoHuky Gp3uHa Harpusama Beha 3a Temne-
patypy oa 1230°C.

Vnopeno ca ogpehuBamem Op3uHe Harpusama CHIHIHjyMa npakieH
je M u3rnen MuUKpopesbeda MOBpILIMHE IUIOUMIIE, Ca jeqHE, H PAaBHOMEPHOCT
YKJIambalka CHIIMIHjyMa, ca apyre crpane. IlIto ce THue mopdosioruje noBp-
IIMHE IUIOYHIE, KOja je KOHTPOJIMCAHa MO MeTaiorpad)CKUM MHKPOCKOIIOM,
KOHCTAaTOBAHO j€& Ja H3rJIe[ NOBPIIMHE YMHOrOME 3aBHCH KaKO OJf TeMIepa-
Type Ha KOjOj je Harpusame BpILEHO, TAKO M O] KOHIEHTpallHje y racHoj
¢asu n came Gp3nHe, MPOTHIIaka racHe cMelle npeko wiounne. ITospuinne
ca jaKo pasBMjEeHMM MHKpopesbedoM, 3a Temneparypy ox 1200°C, mobujane
Cy o NpaBWIy 3a CBe IPOTOKe BOMOHMKa Kanxa je cagpyxaj HCI y racuoj
¢asu 6uo Behu ox 49,. Ha temneparypu ox 1230°C jako pasBujeHH MHKPO-
pebed mobujeH je y CBUM CiTydajeBMMa IPOTOKa BOAOHMKA of 2 u 3 lit/min.
IIpumep oBako pa3BHjeHOr MHKpopesbeda AaT je Ha ciuuy 4.

Cauxa 4. Figure Cauxa 5. Figure
Miukpodororpaduja {111} nnounue cun- Muxpodororpaduja {111} mounue cunu-
nujyma nocyie Harpusama ca HCl Ha Tem- uMjyma nociie Harpusama ca HCl Ha Tem-

neparypu ox 1200°C x 270 nepatypu ox 1230°C (npoTtok BomoHMKa
e} o
Micrograph (bright-field) of a {111} sili- 4 litfmin ca 4% HCD x 270
con wafer etched in HCI at 1200°C x 270 Micrograph (bright-field) of a {111} sili-

con wafer etched in HCI at 1230°C (flow
rate of hydrogen 4 [/min, etching gas
composition 96°, Hz, 4%, HCl) x270

3HaTtHO GosbM pe3yJsiTaTH HOOHjEeHH Cy NMpHM paay Ha TEMIEpaTypH O
1200°C u cBMM mpoToLMMa BOJOHHKa Kama je cagpykaj HCIl 6uo mamu on
4°,. YV OBHM EKCIIEPMMEHTaJTHHM YCJIOBHMa Jo0HjeHe Cy MoBpIIKHe ca ci1abo
H3paXKEHUM MMKpopesbeom.

Ha temneparypu ox 1230°C 3a nporox Boponuka ox 4, 5 u 6 lit/min.
u cagprkajem HCI usmehy 1—5°, mobujenn cy HajGo/bu pesyaratd. Y oBHM
EKCTIEpMMEHTAJIHMM YCJIOBHMa no0MjeHe Cy Beoma IlaTKe M OrJiefasacte
nospunHe (1. 5).

Ha comm 5. gar je cHMMak HBHIE IUIOUMIE, KOjH je NpPEACTaBJheH
CBETJIUM JEJIOM, 300r BeoMa IJIaTKe M OrjieJajlacTe NMOBPIUHHE CHUIMLHjyMa.

JloGujame caBpLIEHO IVIATKHX M OrJIeNa/JaCTHX MOBPILHHA HHje GHIIo
moryhe mocruhn 360r camor HauHHa NMPHIIPEME IUIOYMIA KOjeé Cy Harpus3aHe
y TeuHom xemmjckom cpeactBy (HF u HNOg).
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PaBHOMEPHOCT yKJIambama CHJIHIMjyMa Ca MOBPIUHHE IUIOYHMIE KOH-
TpOJIHCaHa je MepemeM Je6/bHHE IUTOYHIIe KOMIIApaTOPOM IPe H [0C)IE eKcIie-
pumeHata. Mepema Cy BpllieHa Qy)K IUIOUHIE Y ITPaBLy CTPyje raca Ha pacro-
jamuma ox no 1 mm uameby nBa ysacromHa mepema. ITokasano ce ma ce nmpm
NpOTOLMMa BOJOHMKA OX 2 U 3 /it/min, 6e3 o63upa Ha Temneparypy peakinije
u cagprxaj HCl y BOJOHMKY, CHIHLMjyM HEPaBHOMEDHO YKJIamka, M TO TaKO
[ia ce HajBHUIlle MaTepHjajia yKiamba €a yesla IUIOUMIIE, OHOCHO Ca MEecTa rije
rac Hawiasu Ha y3opak. OBa 1nojaBa yKa3yje Ha NOCTOjamheé KOHIIEHTPAI[HOHOT
rpapujenta HCI ny»x nospiumse mwiouunile. Mcru edexar ,,kocor Rarpusama”
npumekieH je NpH MPOTOLHMa BOAOHHMKA OX 4, 5 M 6 lit/min ca canprkajem
HCI Behnm ox 4°,. Pasznnka usmelly MakcUMaiHe M MHHMMaiHe JeGibHHe
IUIOUHIle TOCJIe HarpH3ama NPH HAaBEACHMM EKCNEPHMEHTAIHMM YCIOBHMA
u3nocwia je 20—30 mukpona.

Haj6ospu pesysiraTd y norjiely pABHOMEPHOCTH YKJIaHbaiha CHUIHIMjyMa
nobujenn cy Ha temmeparypu of 1230°C u npH npoTomMma BOJOHHKAE O
4, 54 6 lit/min ca canprkajem HCI ox 1—39%,. IIpx oBuM yciioBHMa pa3itHka
y ReG/bMHM ILIOYMIlE KpeTana ce of 1—3 mmkpomna.

Kako excreprMeHTaJIHH yCJIOBM — Temmeparypa of 1230°C, nporok
BoJoHMKA OX 4 lit/min ca cagprkajem HCI y rpanmmama ox 1—39%, — ncro-
BPEMEHO 33/I0B0JbaBajy JBa HEOIIXOQHAa KPUTEPHjyMa 3a HoOHjambe KpHCTaIo-
rpadcku JoOpHX eNUTAaKCHjaTHHX CJI0jeBa, TO Cy HaBeJIeHH YCJIOBH 3a[{pXKAHH
H IIPH €KCIEPHMMEHTHMa CaMOr eNMTaKCHjaTHor pacra cuauuujyma. ITomrro
64 ce y peakTOpy INOA HAaTHMM YCJIOBMMa HM3BpIIWIa NpHIpEMa CyIcTpara,
Kpo3 Gouny rpaHy (3) u 6ap6otep ca SiCl, (4) (1. 1) mponyiuTaH je BOQOHHK
¥ HaCTaBJ/baH j€ CaM eNMHTAKCHjalHH PacT CWINIHjyMa Ge3 mpomeHe Temmnepa-
TYpHOI pe)xxuma. MemameMm NMPOTOKa BOJOHMKA Kpo3 Gapborep, Koju ce
HaJla3uo y TepMocTaTy Ha Temmepatypu oa 20 4 0,1°C, nocturuyr je y
racHoj ¢asu pacnoH mosickor ogHoca SiCly/H2 y rpanmuama ox 1,8 x 10-4 —

TABJIMLIA I TABLE

Epsuua pacifia u 6poj pewaxa tiakosarsa edumiaxcujasnux caojesa Si y 3asucrociau 00 moa-
cxoz odnoca SiCls/Hsz

Growth rates and stacking faults density of epitaxial silicon layers as a function of mol. ratio

SiCly/Hg
Moncku omgHoc BpanHa pacra Bpoj rpeinaka makoBama
Mol. ratio Growth rate Number of stacking faults
SiCly/H, w/min cm?
1,8-10-4 0,06 *
1,4-10-3 0,4 »
2,8-10-3 0,6 *
4,2-10-3 0,8 *
2,2.10-2 1,8 2,210
4,2-10-2 2,5 1,8.104
5,5-10-2 2,6 9,1-1038
6,2-10-2 2,8 4,1.108
8,2-10-2 2,8 8,0 - 102
1,0 - 101 2,8 90

* Oasnauena cy mecTa rae je 36or Benukor 6poja 6m10 Hemoryhe yTBpAMTH Tauan
©poj rpeuaka IaKoBamba.
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)
— 0,1. Ia 6u ce go6wia JoBObHA NebG/bHMHA EMUTAKCHjAIHMX CJIOjeBa, YHME
61 Gmwia omoryheHa IITO JeTasbHUja MeTaorpadcKa MCIHTHBAMKA HHHXOBHMX
KPHCTaN0rpadCKUX KapaKTEPUCTHKAa, BPEME Tpajamba elMTAKCHjaJIHOT pacTa
ce mMemalo y rpaHuuama ox 10—180 min. y 3aBHCHOCTH OJ KOHIIEHTpalHje
SiCl, y racHoj ¢asu.

Bp3uHa pacra enMTaKCHjaIHHX CJI0jeBa 33 Pa3jIMYMTe KOHLEHTpalMje
SiCl, y racHoj ¢asu gara je y Tabnunu I. Bpsuna pacra, ogHocHo ae6sbuHa
EMMTAaKCHjaJIHUX CJI0jeBa oApehHuBaHa je MepemeM My>KHHE CTPaHe IpellKe
naxkoBama (3) nomg Meranorpad)CKUM MHKpOCKomoM. Y HCTOj Tabimim aar
je 6poj rpeluaka makoBama y 3aBHCHOCTH oX KoHueHTpauuje SiCl; y racHoj
dasn. .
Bpoj rpeiuaka nakoBama ogpehuBaH je Ha ciegehn HaumH. Ilog mera-
JI0orpad)CKHM MHKPOCKOIIOM Ca HOBPIIMHOM BHIHOT 10Jba o 0,94 mm? BpiieHO
je 6pojame rpeinaka nakopama y IpaBly CTPyje raca M HOpMaJTHO Ha Npasalj
CTpyje raca mo CpeHHM IUTOYMIle Ha pacTojalbHMa Of IO jedaH MHJIMMETap.

Cpempa BpegHocT aobujeHa je M3 anrebapckor 36Mpa CBHX rpelaka
MaKoBampa ca nospmmHe of 40 BHOHMX MOJba, a 3aTHM je IpepayyHara Ha
1 cm2.

3AKJbYUAK

a. ExcrepumeHTa/IHO je mokasaHO mAa ce Gp3MHa Harpusama IUIOYHLA
MOHOKDHMCTAJIHOT CIJIMIHMjyMa YCIIEIIHO MOXKE€ KOHTPOJIUCATH IIPOTOKOM
BoaoHMKa K caapkajem HCI y racHoj ¢asu.

6. Mukpopeibe¢ NOBpPIIMHE IUIOYMIIA M PaBHOMEPHOCT YKJIamamba
MaTepHjajia YMHOroMe 3aBHCe OJf €KCIEPHMEHTAIHMX ycJjoBa pajga. Haj6osmu
pe3yJITaTH y TNorjiey NpHIpEeMe CyncTpara JoOMjeHH Cy Ha TeMIlepaTypu
ox 1230°C u npu npoToKy BOJOHHKa o 4—6 lit/min ca capprxajem 1—39,
sanpemunckux HCI.

B. Bp3nHa caMor eNMTaKCHjaJIHOI pacTa 3aBHCH OJ KOHILEHTpaluje
SiCl, y racHoj ¢a3su, npu uemy ce 6poj rpeiliaka NakoBamba y €IIHTAKCHjaIHOM
C10jy APacTHYHO cmamyje ca noBehamem koHneHtrpauuje SiCly y racHoj
dasn. '

r. denomen omagama Gpoja rpelaka nmakoBampa ca noBehambeM KOH-
uenrpaimje SiCly y racHoj ¢asu, a KojH je 3amakeH y OBOM pafy, 3aciy»Kyje
noceGHy nakmpy M Ouhe /b HCTPOKMBAIA Yy jeHOM ox ciegehux pamosa.

HU3BOL

Wcnmrann cy yciaoBH Harpmaamka MOHOKDHCTIHMX IUtounna Si raco-
BHTMM XJIODOBOAOHMKOM IIPH pa3nnuutum nporouuma He u cagprkajem
HCIl y HoceheM racy. Y onTHMaHHM yCJIOBHMa Harpu3ama, Kaja ce fobujajy
OrJIENaacTO CjajHe M IJIaTKe MOBPILINHE CHIMLIMjyMa, M3BOhEH je enuTaKcH-
janHu pact cwmmMjyma. Jatu cy nojamu o 6p3aMHama pacTa enUTaKCHjaTHUX
ci0ojeBa CMIMjyma # 0 6pojy rpelaka nakoBamba y 3aBHCHOCTH OJ KOH-
uenrpaimje SiCl; y racHoj dasm.

Texnonomko-meranypmku Gakynirer, Ilpumsbeno 15. janyapa 1971.
H MHCTHTYT 3a XeMHjCKa, TEXHOJIOLIKa H
MeTaNypIllKa HCTpayKHBama, Beorpan
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SUMMARY

EXAMINATION OF HCl AND SiCly CONCENTRATION INFLU-
ENCE ON THE PREPARATION OF SUBSTRATE AND
EPITAXIAL GROWTH OF SILICON

by
ANDREJA V. VALCIC and RASTKO N. ROKNIC

The conditions of etching silicon wafers by the gaseous HCI at various
flow rates of Hg and with different contents of HCI 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 SiCly concentration in the gas
phase are given.

Faculty of Technology and Metallurgy Received January 15. 1971.
and the Institute for Chemistry, Technology
and Metallurgy, Beograd
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VYTHIIA] CACTABA IIJIAMEHA HA PACT MOHOKPHCTAIJIA
Nb:0; IIO METOIH BEPHEJA

ox
AHIPEJE B. BAJITUHRA n MHUJIAHA T'. BPEKURA

Huo61jym-TIIeHTOKCH Ce jaBJba Y BHILIE alOTPONCKUX Moaudukarmja(l),
OII KOjHX je HajHHTepecaHTHHjH WeroB H, omHocHo o 06:1mK. OH npexacraBba
KpajEbH BHCOKOTEMIIEPAaTYPHH OOJIMK KOjH Ce jaBJba NPH 3arpeBamy HHOOH-
jym-TIEHTOKCHAa Ha Temneparypama npeko 1000°C u ocraje y Tom 0Gauky
npu saraHoM xulabemy (2). Gatehause u Wadsley (3) cy koHcTaroBaim aa
HMOOH) yM-TIEHTOKCH]] KPHCTAIHILIE Ca jETHHMYHOM heTHjoM MOHOKJIMHMYHOT
THIIAa M @ Y CTeXeoMeTpHjcKoM omHocy cagpyxu 28 Nb aroma u 70 aTtoma
KHCEeOHHKa. VIcIMTHBameM 3aBHCHOCTH HECTEXHOMETDHjCKOr CacTaBa jedu-
Bekha HHOOMj yM-TIEHTOKCHIA O NMapIiHjaHOr NPHTHCKA KHCEOHHKAa y aTMO-
ctepr OKO KpHCTaJIa DU Pa3HHUM TEMIIEPAaTypaMa YCTaHOBJBEHO je Oa OACTY-
name Of CTEXHOMETPHjCKOI' CcacTaBa Teue KOHTHHyaHo (4, 5, 6) npema ¢op-
myau NbzOs_x. OBa HecTeXHOMETPHUHOCT Be€3aHa je 3a II0jaBy rIpelaKa
KPHCTaIHe peeTke. ITojaBa KHCEOHMYHMX LIYIUBMHA Y PELUETKH YCJIOBJbaBa
noBehaHy IPOBOJHOCT MOHOKPHMCTaJla HHMOGHjyM-IIEHTOKCHAA, TaKO O3 OH
nobyhyje cBe Behy HHTEpeC Kao NOTEHIM)aTHH MOJTYNPOBOJHHUUKH MaTepujas.

Y nornepy npobujama MOHOKDHCTala HHTEPECAHTHO j& CIIOMEHYTH
panoBe Sheasby-a (7) ¥ gpyrmx. ¥V oBmm pamoBuma obpabeHe cy merome
mobujamkba MOHOKPDHCTaIa HMOGHjyM-TIEHTOKCHA TPAaHCIIOPTHOM PEaKLHjoM H
merona no Verneuil-y (8). HaunH Ha KojH je BplueHa KPHCTaIM3aLHja OMO-
ryhaBao je gobujambe MOHOKDHCTaJIa PeJIaTHBHO MaTUX qumeHsHja (I x 6 mm).

A. A. IlonoBa (9) ucnutyje yrunaj atmocgepe Ha BaJIEHTHOCT OKCHJIA
reoxkha, Kobasira M MaHraHa nmpH A0GHjalby MOHOKPDHCTala OBHX MaTepHjasia
no meroam Verneuil-a ¥ Aaje 3aBHCHOCT BaJIGHTHOCTH OJf OJHOCA BOJOHHK-
~KHCEOHMK Yy IUIaMeHYy NpPH KPHCTAJIH3alHjH.

EKCITEPUMEHTAJIHHU OEO
Auapasaypa u satliepujas
AnapaTtypa Koja je ynorpeG/beHa 3a eKCTIIEPUMEHTE MPOjEeKTOBaHa je MO KOHUEMLUjH

xojy je mao C. K. ITonos(10) 3a 5o6ujame MOHOKPHCTa 12 KOPYHIR, C THM LUTO CYy YYMHb€HA
M3BeCHR DpHaarohaBama. MaTepHjajg 38 KPHCTAIH3ALMjy O3HPAH j€ MATCHCTHMM BHGpa-

149
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TOpPOM, KOjH je 00e3GehuBao MpeuH3HO Xo3Hpame. YHOTpeO/beHH TUIAaMEHHMK CacTojao ce
O TPH KOHLIEHTPHYHO NMOCTaB/beHe LeBH (11), TaKo na Cy yHYTpalllba M CTIOJ/bHA LIEB CITy-
YKHJle 3a JOBOJ KHCCOHHKA, a Cpellma 32 A0BOJ BOAOHHKA. OBaj THN IUIaMEeHHMKa 00e3-
Gehyje nmpomeHy ogHOCR BOJOHHMK-KHCCOHMK y BPJIO IIHPOKOM MHTEPBAIIY, & IIPH TOM M
MOBOJLHY KOJIMUMHY TOIUIOTE 33 TOIUBCHC MaTepHjaa.

TacoBH ymoTpeO/beHH 3a 3arpeBame, KHCCOHHK H BOJOHMK, OMIM Cy ,,TexHHuUKe”
ynucrohe M y3UMaHM Cy OMPEKTHO M3 YeJMYHHMX Goua.

VnorpebsbeHH npax HHOOHjyM-TIEHTOKCH]L je MpoH3Boawe ,,Fluka” — IlIBajuapcka,
yucrohe 99,9%,, a BeJHUMHA YECTHLA KpeTasa ce ox 3 g0 15 MUKpoOHa.

PE3VIITATH

HMcnumuBame yTHIaja cacTaBa IIaMeHa Ha IpoMeHy 60je MOHOKpHCTa1a
HHOOHjyM-TIEHTOKCHIa BPLIEHO je IpH Jo3upamy npaxa ox 0,1 mo 0,2 gr/h.
OBa HCNMTHBamka BpIUEHA Cy NPH IIPOMEHH OQHOCA BOJOHHMK-KHCEOHHK OJ
1,5 mo 3,5, pauyHajyhM Ha 3anpeMHMHCKe OxHOCe. AICOJIYTHE BPEIHOCTH
KOJIMUMHA TacoBa OJP)KaBaHE Cy TaKo [a CBe YECTHIE Koje nmpobhy Kpos Iuia-
meH Gyay crorvbeHe. OBO je KOHCTaTOBaHO Ha T4j HAUMH INTO Cy YECTHIIE
npaxa Koje npoJiade Kpo3 IUIaMEH XBaTaHe y CyQy €a BOJOM M HCIIMTHBaHe
MOX MHKPOCKOIIOM.

ITocmaTpameM OBHX YeCTHLA IO MHKDOCKOIIOM MOXKE€ C€ KOHCTATOBATH
Ja Cy TO NpaBWIHe, NOTIYHO NPOBHAHE M Gucrpe sonmre. OBO je curypas
3HAK [a Cy Te Kyriuue cepHH MOHOKDHCTAJIH.

Kapg ce npu pagy oaHOC BOJOHMKA IpemMa KHCeOHMKY kpehe y 1,5 mo
2,5, nobuja ce 80°, cepHHX MOHOKpPHCTana cBerioKyTe, 109, huinbapue
u 109, mnase Goje. Kana ce oBaj ogHoc kpehe ox 2,5 mo 2,8, nobuja ce 50°,
huwmbapuux, 20°, cBeTIoOXKyTHX H 30°, IUITaBHX MOHOKPHCTAJIHMX KYIJIMLA.
IIpn omHocHMa BOJOHHMKA INpema KuceoHMKy Behem ox 2,8 mobuja ce oko
809, ruiaBux, a 20°, CBeTIOKYTHX M hwiHbapHHUX chepHHX MOHOKPHCTANA.

Ha cmunm 1. npukasann Cy chepHH MOHOKPHCTAIH HHUOGH)yM-IIEHTO-
KCHa IIOCMAaTPaHH INOJ MHKPOCKOIIOM.

Cauxa 1. Figure
Cdepun MoHokpucTaH NbeOs
Spherical single crystals of the Nb2Os

Ilpomena 60je CBaKaKo je Be3aHa 3a KOJMYMHY KHCEOHMKa yrpahexor
y KpucranHy peulerky NbsOs u Taga ce mobuje o — OOJIMK CHpOMaluaH
KHCEOHHUKOM.

Tobujenn chepHH MOHOKPHCTAIH HMATH CYy NPEYHHK KOjH C€ KpeTao
on 7 mo 150 MuKpOHa, LITO 3HAUM [ia CE€ YECTHLE IPH MPOJa3y Kpo3 IUIaMeH
cnajajy y Behe.

Jobujame MoHOkpucTa1a NbeoO Behux aHMeH3Hja BpUIEHO je Ges
OpHjeHTHCaHe KiuIe, Op3um HabauMBameM IIpaxa Ha IUTAN KOJH POTHpa.
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Ha oBaj HauuH Ha wramy ce o6pasyje Kyna, UdjH BpX, KaJa Ce CTOIH, CIYKH
Kao kiauna. ITocrenennm npolmmpuBamem oBe Kinne go6uja ce MOHOKPHCTAT.

Haj6on pesynraru qobujenn cy nmpu poraudju of 30 o/min, 6Gp3uuu
crywramba of 8 mm/h n no3upamy npaxa ox 1,2 gr/h. Boja xpucrana 3aBH-
CHJIa je O] OHOCAa BOJOHHKA NPeMa KUCEOHHKY, Ka0 IUTO je Halpes OIHMCaHo.
JloGujenr MOHOKPHCTAIH MMaJIH Cy AY>KHHY oX 20 go 30 mm 1 nMpeyHHK o
3—S5 mm. Ha cimum 2. npukasan je MmoHokpHcran Nb2QOj sxyre Goje npu
poToKy BogoHHKa ox 500 //h u nporoky kuceonuxa ox 300 //A.

HHrepecaHTHO je Aa 3pHa, Kajga of CTBOpEHe KiMIe rnohe BHllle HUX,
pacty y o0iauKky ,,0ykera”, a cBako 3pHO MMa OOJMK IuTanuha ca yrjiacTum
MONPEYHUM IpeceKoM M BehHHa MX je passiMunTo obojeHa. MebhyTum, cBako
MojeTHHO 3pHO je XomoreHo oGojeno (ci1. 3). UumeHuua je ga cy cBa oBa
3pHAa HacTaja M paciia NMoj HMCTHM YCJIOBMMA, Na Ce MO)KE IIPETIIOCTaBHTH
Oa je pasiuunta Goja MOjeJMHHX 3pHA Be3aHa 33 IHLHXOBY OpHjeHTaLH)y,
jep y M3BECHHM CIy4yajeBMMa ODHjeHTalMja MMa ycsioBa Aa ¢aBopu3yje mpo-
nec yrpahuBama KHCEOHMKA Y PELIETKY.

Cauxa 2. Figure Cauxa 3. Figure
Morokpuctan NbzOs ITomukpuctanaun Nbe2Os
A single crystal of the Nb2Os Polycrystalline Nb:Os
HN3BOL

Y oBOM paxy MCIMTaH je yTHLaj cacTaBa IUIaMEHa Ha npomeHy Goje
moHoKpucTaia NbeOs; npu pacry kpucrana mo merogu Verneuil-a. YTBp-
beno je ma xpucran Nb2Os moxe umatn >kyty hwmbGapny u raBy 6ojy,
y 3aBHCHOCTH OJ OZHOCAa BOJOHMKA M KHCEOHUKa y ILtameny. ITopex oBor,
yrBpheHH Cy HajlIOBOJBHMjH YCJIOBH HoOHjamba MOHOKpHcTana Nb2Os, u
noOHjeHn MOHOKpHUCTaH cy ay)kuHe 20—30 mm u npeunumka 3—4 mm.

TexHosomKo-MeTamypinku axyarer, Beorpan IIpussbeHo 4. janyapa 1971.
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SUMMARY

THE INFLUENCE OF FLAME COMPOSITION ON THE GROWTH
OF SINGLE CRYSTAL Nb:Os BY THE VERNEUIL METHOD

by
ANDREJA V. VALCIC and MILAN G. BREKIC

The influence of the flame composition on the change of colour of
growing single crystal Nb2Os was investigated. It was found that the colour
of the single crystal Nb2Os turned from yellow to amber and finally to blue,
in relation to the ratio Hz/O: in the flame. The optimal conditions of growth
of the single crystal NbzOs 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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JOBHJAIBE JIET'YPE MATHE3H]JVMA CA HUCKHM CAIIP)XXAJEM
BEPUJIMJYMA

ox
BOPBA B. IBETAHOBURA

Marsesujym je, 360r CBOI HMCKOI HEYTPOHCKOI anCOPIIHOHOr IIpe-
CeKa, KOMIAaTHOMJIHOCTH Ca YPaHHjyMOM Yy CBHM o0J1acTUMa UBPCTOr CTams:a,
HMCKe crnemmbHuHe Te)xkuHe, nobpe o6paybMBOCTH, NOOpe TEpMHUKE CIIPO-
BOUBMBOCTH M crabGwmHocty y COgz racy, norojaH Mmarepdjaji 3a H3pagy
KOLUIyJbHLA FOPUBHX €JIEMEHaTa M JeTaba KOHCTPYKIHMje HYKJIEaDHHX peak-
Topa xsahennx ca COz racom u rpaduTom kao mogeparopom. [a 61 ce no-
6oblUaT1a HErOBa PEIATHBHO HUCKA OTMOPHOCT IPEMa OKCHOAnMjH (3aLUTHTHA
noxkokuua ox MgO myua Beh Ha 475°C K Hema 3alUTHTHMX OCOOMHA) M aa
61 ce cMamuiIa WmeroBa NoOpo mosHara MAPodOPHOCT (KOja HacTaje Mox
YTHI]ajeM TOIUIOTE peaKliMje OKCHOalMje NPH TemiepaTypaMa O TIPEKO
485°C11) — nopmajy My ce nerupajyhe kommoHenTe. O HAPOYMTOI HHTEpeca
Cy meroBe jierype ca 6epiinjymoMm, YHjH JOJAaTaK H Y HajMalbUM KOJIMUMHAMa,
Ol XWbaUTHX [eJIoBa MpOIleHaTa, CMamyje 3aMabMBOCT MarHe3djyma o
760°C®, ommocHo 800°C®,

36or HHCKe pacTBOpPJBMBOCTH Oepwimjyma y marHesujymy (0,01—
0,015°;, Ha 700°C 1 0,03—0,049%, Ha 780°C) MOry ce KJIaCHUHHM IOCTYIIKOM
TOIUBEH:a M JIerHpama JOGHTH Camo Jierype 4Mju ce caapykaj Gepuinjyma
Kpehe y rpaHuilamMa Ol HEKOJIMKO CTOTHX HejioBa mpoueHara. Ilpouec je
oTe)xaH M 300T PeJIaTHBHO BEJMKUX pa3jIiKa TEMIepaType TOIULEHa MarHe-
3ujyma (650°C) n Gepwmjyma (1283°C), mupodopHOCTH M BHCOKOI HaIlOHa
nape marHesujyma (2,63 mm Hg cry6a Ha 650°C u 407,4 mm Hg cry6a Ha
1027°C), ka0 K BeJIMKe TOKCHYHOCTH Oepridjyma (Z03BOJbEHA KOHLIEHTPALHja
y Basnyxy 2 p gr/ms).

M3 Tux passora yoOHMYajeHHM IMOCTYIIaK TOIUbEHa M JIErMpama y OTBO-
PEHOM THIUTYy BpIUH C€ NOJ CJIOjeM 3aLUTHTHHX coiu. Mebyrum, y cayuajy
nobujama Jerype HaMemeHe HyKJIeapHOj TEXHHMIIH, Ca BPJIO CTPOIHM YCJIOBHMA
y morjexy cagprkaja HeuucToha, TOIUBEHE Y OTBOPEHOM THIJTY KpHje y cebu
OMACHOCT KOHTaMHHAallMjeé CTOIUBEHOI MeTasia ca Heuucrohama, Koje cCMamyjy
KOPO3HOHY OTIODHOCT.

OBaj HemocraTak ce mo)xke u36ehu npumeHom meroge Koja omoryhyje
JIa Ce TOI/beHe BpILIH Y 3aTBOPEHOM peaKLHOHOM CyAy 0e3 NMpHCyCcTBa 3all-
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TUTHHX COIH. COIICTBEHOM KOHCTPYKI[MjOM YEJIHYHOI PEeaKIMOHOr CyJa OBa
MeToAa je moaudHKOBaHa, TAKO J1a je oMoryheH pax y arMocdepH 3alUTHTHOT
raca aproHa. Jla 6M ce cnpeuwna KOHTaMMHallMja JIECype €a >KE€’1e30M, Ha
NOBpIUMHE Cyda KOjé [oj1a3e y JOOHP Ca CTOTUbEHHM METaJIOM HAHOILEH je
3alUTHTHH CJI0j OKCHAA.

EKCITEPUMEHTAJIHH PALL

Peakumons cyn, uapaheH o HMCKOYT/bCHMYHOr 4YeJIMKa, CACTOjH Ce O aBa Jena:
TOpILET, ¥ KOME C¢ BPLIH TOIUbEH:C, H JIOIWEr, ¥ KOjH C¢ CTaBba Kokuna. Hamehy oBa nma
ZieJ1a TIOCTOjH OTBOP, KOjH CC 3aTBApa UYCIHYHMM YENOM CTIOjCHHM Ca JIY)KOM LIEBH, KoOja
M3J1a3H BaH YHTABOr ypehaja 33 TOM/bEHE M UMjUM CC BEPTHKATHHM IIOMEPAHEM YCIT MOXKE
noguki M M3BPLUMTH JIMBEHe TCuHe Jerype y Kokuwiy. Kpos oBy ueB cnposeaex je NiCr-
-Ni Tepmonap, uume je omoryheHa perncrpauyja CTBapHE TEMIICPATYpPE METAIR Y THIJY.

Tlo 3aBplUCHOM LUap)KMpaly H CKiIaNalky PCAKUHOHH CyA je 3a a3y imBema H
TOIUbEbE CTABJbEH Y J1aGOPATOPHjCKY BAKYYMCKY MHAYKUMOHY ek cuare 15 kW. V3 nper-
XOQHO €BaKyHCal¢ 10 BaKyyma paga 1073 torr-a, yGaumBaH je aproH 40 MPHTHCKa OX
660 nvn Hg cryba, y K0joj aTMocthepH je BPLICHO TOIUbEHmC H JIMBEHE.

Ha camum 1. nar je LIEMATCKHM NPHKa3 PeaKIMOHOT CyJa ca MHIYKTOPOM H pelM-
mMjeHToM nehkn.
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Cn. 1. Puc

Koxma, napaheHa kao asojesiHa, Takohe je o uenuka. Ha mweHOj yHyTpawmoj
CTpaHH, pajH JaKLUer ojBajaiba O;1IiBKa M Ao0ijamba YHCTe MOBPIUMHE, HAHOIIEH je 3am-
THTHII Npema3 yoOuuajeH NPH JIMBelby Jlerypa MarHesujyma: BOJIEHa €MyJI3Hja LIMHK-OK-
CHIa ca [0;1aTKOM OOpHe KHCeJIMHe M BOJEHOr CTaKja.
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3a nssoheme ommura ynoTpeGIbEH je MarHesujym-meTan HykieapHe uncroke. Jlern-
pajyhke KommoHenTe foaaBane cy y obymky Gepwinjym-metana 99,6%,, Al-Be npemerypa
ca 5,018%, Be (canpxaj KopucHux komnoHeHata Al + Be + Mg = 99,4%) n anymnnn-
jym-meran ca 99,839 Al.

Y3opuu noGHjeHn B3 OUIMBKA MOjeARHUX ONHTA AHAM3HPAHH Cy cClieKTporpadcku,
H TO: 33 ofpehuBame caaprkaja GepHiINjymMa H aTyMHHMjyMa IO MCTOJH C& COJIOXPOMIHja-
HMHOM R, a jxkenesa mo meroau ca 1,10 deHaHTpOIHMHOM.

Omuru gobujama Jerype MarHeaujyma ca HUCKHUM cagpykajem GepHiIHjyMa BpIIeHM
CY ca L[A/beM JIa CC OApEAc ONTHMAIHHM YCJIOBH AOGHjama KEJHEHOT XEMHjCKOr cacTaBa,
y3 Bobeme pauyHa O KOHTRMHHAIMjH JICTYPE Ca >KEJIC30M M3 YCJIMYHOT PERKLHOHOT Cyha.
ITpu ToMe je ycBOjeHO Aa canpikaj Jiernpajyhnux KommoHeHaTa Oyae MCTH Kao M Kox Je-
Type No3HaTe moj Ha3uBoM ,,Magnox A-12”, u TO:

Be 0,002 — 0,03%
Al 0,7 —0,89%

PE3VIITATH NCIIUTHUBAIA U IbUXOBA MHTEPIIPETALIMJA

VY Tabmu I npukasaHn Cy aHaJTMTHYKH Pe3yJITaTH cafpikaja Gepuin-
jyma M aJyMHHMjyMa y JIETYpH, Y 3aBHCHOCTH OJ TeMIIEpaType H BpeMeHa
nerupama. Jlerupajyhe KOMIIOHEHTe qofaBaHe CYy Y KOHCTAHTHHMM KOJIHYH-
Hama, H To GepwiHjym y OOJIHKY mpeuierype, a alyMHHHMjyM Kpo3 Npeiie-
rypy ¥ YHCT MeTail.

TABJIMIIA I* TABJIMLIA

Temnepatypa Bpeme Temnepartpa XeMHjCKM CACTAB OMTHBKa
JIETHpama Jlerupama JIUBEHa
XHuMHuecKHil COCTaB CIIUTKa
Temneparypa Bpeme Temmeparypa
JIETHPOBAHHMSA | JIErHPOBaHHS JIHTBA Y
0
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

* Honartak nerupajyhux enemenara: 0,02% Be
Hobaska nermpylomux anementos 0,8 % Al

OrpanuueHocT KonwuuHe GepWIHjyma KOja Ce MOXKE JIETHpPaTH, LUTO
je yCNOBJbEHO H:erOBOM BEOMa HHCKOM DAacTBOPJBMBOIIhY y MarHe3ujymy
3axTeBa, Kao IITO C€ BHOH M3 NPHKa3aHMX pesysirara y tabiaumu I, oarosa-
pajyhe yciioBe 3a yCIIEUIHO JIerHpame.

IIpBn ox THx ycnoBa je mwrto Beha Temmeparypa JierHpama, Kako 6Gu
ce wro Beha KoJIMuMHA GepuiMjyma pacTBOpHIA Y TEUHOM MarHE3HjyMy.
Kako xkuHeTHKa pacTBapama 3aBHCH M O BpeMEHa, TO M OBaj (akTop Mrpa
3HavajHy yJory.

Hu3sak canprkaj Gepwinjyma ko omura 6. ofjallmbaBa Ce HaCTajambeM
HHTepMeTanHOr croja MgBes, xoju Mma Behy I'yCTMHY OX TE€YHOr MarHe-
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3WjyMa, WITO JOBOOH RO JIMKBaIWje. YKa3syje ce Ha MOryhHOCT fa >keJieso,
Kora je y oBom ommury 6mno y mopehanoj xoymumun (0,13°,), moBeme mo
npeuMnuTanuje GepuiMjyma, 3a 1ITa NOCTOjé HABOOM M y JMTeparypu4->,

Jpyrn 3HauajaH aKTOp 3a YCNEILIHO JICTHPaEmE jé HAYMH YHOILCH:A
GepunnjymMa y map)ky. YHoueme Kpo3 npegierypy Al-Be ca 59, Be, 36or
Behe pacTBopsbMBOCTH GepwinjyMa y alyMMHHjyMy HEro y MarHe3Hjymy H
[OCTOjama eyTeKTHKyMa y cucremy Al-Be (1,49, Be ca temneparypom TOm-
Jbema of 644 C), maje Gosbe pe3yJsITaTe HEro yHolluewke y OOJHKY 9HCTOr
merana. Y taGmim I1 npHka3aHu cy aHAIMTAYKHA Pe3yJITaTH caxpkaja Gepu-
JIMjyMa B aTyMMHHjyMa y JIETYpH, Y 3aBHCHOCTH OJf HaYMHa YHollema GepH-
JIMjyMa: Kao YHCTOr METajla WIH y oO/MKy mpemerype.

TABJIMLIA 1I* TABJIMLIA

Hauun nona- Temme a Bpeme Xelll)aal CaCTaB
sama Gepuim- nemg:lep ncrg;m Temneparypa O/UTHBKA
Ma JIHBeB:a
, Touncpsryps|  Bpeun e
Meron JIErHpOBAHHS | JIErHPOBAMsA| | CMIEPaTypa
ROGABKH o . MTEA % _
GepHNIHA min Be l Al
1. Metan — metan 700 5 700 TpAr. 0,80
2. Ilpepnerypa — ciaB 700 5 700 0,002 0,77
3. Metan — meran 900 20 800 0,006 0,79
4. Ilpennerypa — cniaB 900 20 800 0,014 0,76

* Hopatak sermpajyhux enemenara: 0,02 %, Be
Jlo6aBKH nerupyiolnx anemenros: 0,8 2, Al

HcnuruBaH je yTHIaj JOJaTKAa DPa3jIMYMTHX KOJMUYHHA JIerHpajyhHx
KOMIIOHEHaTa Ha HHXOB Cafp)kaj y JierypH, IIPH KOHCTAHTHOj TeMIIepaTypH
y BpeMmeHy Jerupama. J[oOujeHH pesyiaratd, npukasauu y Tabmmm 111,
yKasyjy Ha TO [1a YHeTH BHMIIAK GepWIMjyMa NMpaKTHYHO Hema YTHIaja Ha
IEroB IpoLeHaT y Jerypu. IToaBnaud ce Aa cy MHOro GHTHHjH CaMH TeXHO-
JIOLIKH YCJIOBH TOIUBCH:2, O KOjHMa je Hanped roBOPEeHO.

TABJIMLIA III* TABJIMLIA

CacraB wmapyke XeMHjCKH cacTaB ORJIMBKA
CocTaB IMHXTH XuMHYeCKHl COCTAB CIIMTKA
% %
Be | Al | Mg Be | Al
1. 0,01 0.8 Ocrano 0,014 0,76
2. 0,02 0,8 » 0,014 0,75
3. 0,03 0,6 " 0,015 0,50
4. 0,03 0,8 " 0,016 0,78
S. 0,03 1,0 » 0,023 1,06
6. 0,04 0,9 " 0,015 0,90
7. 0,04 1,0 » 0,014 0,96
* Temneparypa Jerdpawa — Temneparypa JIeCHPOBaHHSA 900°C
Bpeme nerupama — Bpems nerupoBauus 20 min

Temneparypa nuBewa — Temneparypa nuths 800°C.
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AJrymMuHMjyM, MOped Tora IUTO OMOryhyje IOroxHHje yHolueme Gepu-
Jmjyma Kpo3 npemrerypy Al-Be, xao sermpajyha komnoneHTa nopehaBa
KOPO3HOHY OTIOPHOCT MarHesmjyma M crabuwinsyje okcHmHH ¢Gmwim®, a
Takohe moGosplIaBa M CTPYKTYpy Jerype. PesysaraTh npukasaHm y Hampep
HaBeJeHUM Talimijama yKa3syjy Ha TO JAa NPAaKTHYHO He IIOCTOjH pasjIMKa
m3mehy yHeTe KOJMUMHE aTyMHMHHjyMa M HErOBOr cajpikaja y moOHjeHoM
ommBKy. To ce ofjamrmaBa AO6poM pacTBOpJbMBOILRY aTyMHMHHjyMa Yy
marHe3ujymy (2% Ha 25 C), nocrojamem eyrexktukyma (Ha 436 C ca 12,19
Be) 1 Beoma GJIMCKHM TEMIIEpaTypaMa TOIUBEH>a OBa [Ba MeTasa, IIITO Y HalleM
CJIy4ajy Iaje XOMOreHy CTPYKTYPY PacTBOpa Y UBPCTOM CTamy.

IIpaheHa je KOHTaMHHaIMja JIErype Ca >KEJIE30M, MOLUTO jeé TOIUbEH:E
BpILIEHO y PEaKIMOHOM CYZY, KOjH je uspaheH o HHCKOYIJbEHUUYHOr YeJIHKa.
Jlok ce ox oBor MaTepHjaia MOry H3pahUBaTH JIOHIJM 338 TOIULEHE TEXHHUUKHX
Jlerypa MarHe3ujyma (pacTBOPJBHBOCT jKejie3a y MmarHesujymy je 0,059, Ha
750°C, 0,109, ua 800°C u 0,20°%, ua 900°C(), oH HMje cacBMM IOroiaH
3a TOIUBEH:E JIerypa HywieapHe uMcTohe, NOroToBY Jierype THma ,,Magnox
A-12” (makcHMaJIHM QO3BOJbEHH cagpikaj rkenesa 0,0069,), riae ce nerupame
BpILUHA Ha PEJIaTHBHO BUCOKOj TEMIIEpAaTypH.

M3 rtor pasnora HCIMTHBaH je edeKaT HaHOLIEHa 3alUTHTHOr CJioja
Ha yHyTpalllly CTPaHy Jejla PEaKIHOHOI CyJa Y KOME je BpIUEHO TOIUbElbe
M Ha CMOJbHY NOBPIUHHY NOKPETHOr 4Yera. JalUTHTHH CJIOj jé HaHeT Ha /ABa
HauMHa: CYBHM M MOKpHM nocrynkoM. IIo CyBoM MOCTYIIKY Ha IIPETXOQHO
JoOpo ouminkieHe U rNecKapeHe NMOBPHIMHE HaHET je& CJI0j aTyMHHH)jyM-OKCHAA
KOjH j€ IPOoJIaCKOM KpO3 alIeTIIEHCKH IUTamMeH nomMohy CieldjaaHor IMUILITO ba
NpeBecH Y TEYHO CTamke M Kao TaKaB HaballaH Ha NMOBPIUHHY KOja Ce 3alUTH-
hyje. ITo MOKpOM MOCTYIIKy emyJI3Hja MCTOI CacTaBa Kao M 3a NPEMa3uBaibe
KOKHWJIe HaHera je nomohy dYeTKMile Ha IPETXOJHO 3arpejaHy MOBPILHHY
YeJTHKa.

V rtabmmmm IV par je camprkaj jkese3a y IoJIa3HOM MarHesujymy My
nerypu moGHjeHoj Jiernpamem Ha 900°C y Toky 20 min. 6e3 3arTMTHOr Ipe-
Ma3a peaKIMOHOr Cy[a M ca 3aIUTUTHHM IpemMa3uma. YoyaBa ce J1a Ce TOIUbe-
IbEM Y YSJIMYHOM PEeaKIIMOHOM CyXy noBehaBa capikaj »KeJie3a IPeKo JO3BO-
JbeHe rpanune. OBa BPeJHOCT ce CMambyje aKko ce ynorpebH 3alUTHTHH CJI0j
mobujeH mo Mokpom mnocrynky. Caapikaj jkesesa je HCION MaKCHMAIHO
IO3BOJbEHE KOJIMYMHE M NPAKTHYHO MCTH Ka0 M Y II0JIa3HOM MarHe3ujymy
jeaMHO NpH ynoTpeGH 3alUTHUTHOr cJjioja MO6GHjeHOr CYBHM IOCTYIIKOM.

TABJIMUA IV TABJIMIIA

Fe 9,
IlonasHH MarHe3wjym — Marumii HenaBieHHit 0,003
Bes samrrurHor cyioja — bBe3 sauTHON Kpacku 0,050
Moxkpn nocrymak — MoKphi#t mMeToa 0,020
Cysnr nocrynak — Cyxoit meron 0,004

HanyunBame pacTBOPEHOr jKejle3a IO IpaHHIiamMa KpHCTaia, 36or
Jakor CMambema HEeroBeé PacTBOPJ/BUBOCTH Y MAarHE3Hjymy ca CHIDKaBambeM

A
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TeMIlepaType, BHIUBHBO je KO MeTanorpad)CKux y3opaka ca BehnM canpikajem
JKeJIe3a HarPIDKEHMX y cHpheTHOM NmHKpaty, LUTO je MPHKa3aHO Ha CJIMIHA 2.
Kox ysopaka ca mamuM cajaprkajeM >Kejle3a H3TydydBame OBe ITDHMECE Ce
Temiko npumehyje.

Ca. 2 Iyy. X 500

3AK/bYUYAK

1. Townemem y ueMUHOM pEaKIMOHOM cyay y armocdepH aprona
moryhe je MOOHMTH Jierypy marHe3wjyma ca HUCKMM canupikajem Gepmiujyma:
0,002—0,03°, Be u 0,7—0,9°, Al.

2. IloBosbHHje je OepmimjyMm AomaBaTd Kpo3 Al-Be mpemserypy ca
5% Be Hero kao umcT Meral.

3. HaHoluemeM 3alITHTHOI CjI0ja A TyMHHHjyM-OKCHAA Ha MOBPILMHE
YEJIMYHOr PEaKIMOHOr Cya KOje J0J1ade y JOAMP Ca TEYHHM METAJIOM MOXKE
ce NMPaKTHYHO H30ehM KOHTaMHHALMja JIerype ca >KeJe30M.

4. OntumanHa TemIleparypa JierHpama y J1aGopaTOpHjCKHM YCJIOBHMa
Bpluewa onura je 900°C ca BpemeHoM Jiernpamwa ox 20 min, a Temneparypa
suBewa je 800°C.

H3BOIO

JlaTH cy pesy.iTaTH J1abopaTOPHjCKMX ONMHTa JoOujamba JIerype MarHe-
3HjyMa ca HHCKHM caqpykajeM Oepuimjyma, Koja ce ynorpeb/paBa y peak-
TOpcKOj TexHHUH. ONUTH CYy BPUICHH Y 3aTBOPEHOM YEJIHYHOM PEaKIIMOHOM
Ccyly y MHepTHOj atmochepH aproua.

Hasegenu cy napamerpn koju omoryhyjy modnjame serypa ca 0,002—
0,03°; Be u 0,7—0,9¢, Al. Ournmaina Temlieparypa Jerupama je 900°C,
Bpeme Jierupama 20 min, a Temueparypa iupemwa 800°C.
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3alITHTHA CJ10j ATyMHHHjyM-OKCHAA Ha YEJHYHOM DEaKIUOHOM CYAY
CIIpeyaBa KOHTAMMHALMjy JIErype ca >KeJie30M, Koja je, 300r MCK/byuHBamba
MO rpaHMIlama 3pHa, IITETHAa IpHMeca.

HHCTHTYT 32 TEXHOJIOTHjY HYKJIEapHMX H IIpummeno 29. maja 1970.
APYTHMX MMHCPJIHHX CHPOBHHA,
Beorpan

BBI B O I bI

IIOJIVYEHHE CIUVIABA MATHHSI C HEBOJIBHIMM COJIEPXA-
HHEM BEPHJUINA

JlaHb! pe3yJIbTaThl UCNIBITAHUA B J1a0OPaTOPHBIX YCJIOBHAX IOJTyYEHHST
CIUIaBa MarHusA c HeCOJIBIIMM cojiepyKaHHeM OepWwUuIMsA, KOTOPBIA MCIIONIb-
3yeTchsl KaK KOHCTPYKLMOHBIA MaTepHant I peakTopoB. ONBITH IPOH3BO-
JWIHCh B 3aKPBITHX CTAJIBHBIX COCyJax B HHepTHoO! aTmocdepe aprosa.

JlaHb! YCTIOBMSA ISt TIOJTydeHHe CIUIaBa ¢ cofeprkanuem 0,002—0,039
Be u 0,7—0,9%, Al. Haitnyuinan Temmepatypa JiernpoBanus 900°C, Bpemst
nerupoBanus 20 min. temneparypa autes 800°C.

3aumTHEIN CI0M IIIMHO3EMa Ha CTATBHOMY COCydy MpeRoTBpalnaer
TIOIJIOLEHHE CIUIABOM JKEJie3a KOTOPOE, BBIACJIMBIIEES 110 MPaHHUIaM 3€PEH,
BpeIHasA NpHMeca.

HHCTHTYT TEXHOJIOTHH AXCPHOro ITocrynuno B penakuuio 29. mas 1970.
M MHHEPAJBHOrO ChIpbA,
r. .
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BEJIEIIKA — NOTE

INFRA-RED SPECTRA OF Cu(II}-THIOBARBITURATE
COMPLEXES

by
VELIMIR NIKOLASEV, JOZSEF 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) (thiobarbiturate)s -
- 2H:0.

Cu(II) complexes have been prepared: S-ethyl-5-/1-methyl-propyl/-
-2-thiobarbituric acid (EMPTB); 5-allyl-5-/1-cyclohexenyl/-2-thiobarbi-
turic acid (ACHTB); 5-ethyl-5-/1-methylbutyl/-2-thiobarbituric acid (EM-
BTB) and S5-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 vC = S
character. In thiobarbiturates the strongest band is located at about 1100 cm™!
with medium intensity and great v C = S character. Upon complex forma-
tion its intensity is greatly reduced. Another characteristic band appears at
about 730 cm~! with small v C = 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! (essentially v N—C—N mode) also shifted on
complex formation to frequencies lower by 20—30 c¢m~!. These considera-
tions lead us to suggest that in Cu(II)-thiobarbiturate complexes the metal
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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 VIIVTCTBA AYTOPHMA

I'JIACHUK XEMHJCKOI' IPYHITBA BEOI'PA]]

objaBibyje opuiunasne Hayune padoee, besewxe, fipeilixoona caoiiusiliersa
B peyensuje xruia

Opuzunasnu Hayuwu padosu Campyke PE3yIITaTe OPHTUHAIHAX MCTPAKHBAMA KOJH
HHCY 00)aBIbeHH, & TpeOa Oa GyAy HANMCaHM TaKO [ja CC HABCICHM CKCIIEPHMCHTH MOTY
PeOpoRyKoBaTH. PajoBu ce maby Ha peleHsHjy, a IDHXBaTame pajga oGaBesyje ayTope
na ncre pesynrare Helie 06jaBHTH Ha APYroM MecCTy.

Benewxe canpxe pesynrare xkpahux, aqm ROBPIUICHAX MCTPA)KHBAKHA IUTH NPHKE-
3yjy CONCTBEHA OPUTHHAJHA MCKYCTBa H3 J12GOPaTOPHjCKE NpaKce (METOQHKE: amapaType
B cugHo). O6EM Genemke He Tpe6a na npebe 500 peum.

ITpetixodna caotnuiiersa Tpeda [a Cafp)Ke OPUrHHAIHE HayuyHe HMHOpMALHje YHjH
KapaKTep 3axTeBa Op30 oGjaB/bMBame H He Tpeba ga Gyay ayxa ox 1000 peun.

Csr pagoBE MOpajy CAADIKATH H3BECTAH NO3HTHBAH pEe3yATAT H Hpex-
CTaB/bATH HAYYHY HOBOCT.

Oniure HAnoMene

Pag moxe 6MTH nucaH HAa CPICKOXPBATCKOM MJIM HeKoMm of ciegehux crpammx
jesmia: eHriecKkoMm, (paHIyCKOM, HEMauKOM MJH DPYCKOM. Ayiliopuma ce tipetiopyuyje
0a fiodHoce padose fiucane Ha CilBPaHOM je3uky, C OO3HPOM N1 CC TAKBH PajOBH Y LICJMHH
ob6jaBibyjy u y 36opumky Collectanea Chemica Yugoslavica, ROK Ce panoBH Ha Halllem
jesMKy NpuKasyjy y oBom 360pDHMKY Camo M3BOJAOM HAa CTPaHOM je3HKY.

Pan Koju ayTOpH mopHecy pemaKkuMju Tpeba jaa je HamucaH y Hajkpahem Mmory-
hem 06IHKY, 8 a OpH ToMe Gyae jacaH. Y yBogHOM aejy TpeGa OaTé caMO HajHYMKHM)A
npersie[] PaHUjuX MCTPa)KMBama ¥ 06jaCHUTH CBPXY paaa. Ofwupru Gpuxa3 apeitdxoOHux
padosa na ocrosy sutiepaiiype Hehe ce npuxraratH. HapounTy nakmy Tpeba nocBeTUTH
OPEIM3HOM H jaCHOM HSHOLICHY CKCIEPHMCHTANHHX moaaTtaka. IlosHaTe MmeToauke H
TeXHHKe TpeOa O3HAUHTH MMCHOM H JINTEPATYDHHM IIHTATOM.

Caaku paj MOpa MMaTH KpaTaK HM3BOJ HAa je3MKY HAa KOjeM je MHCaH; aKo je pag
MACaH Ha HAIlIEM jE3HMKY MOpa MMAaTH jOIl M HM3BOX HA jCOHOM OX paHHje HaBeXEHHX
CTPaHMX je3HKa, a AKO j€ INWCAH HA CTPAHOM jE3UKY MOpa HMMaTH jONI W M3BOI Ha
Hamem jesnky. MisBoa Tpefa ga camp)ky CBpPXY pana, 3HauajHe MOAATKE M 3aKIbyuKe;
He TpeGa a2 cagpyxkm BHme on 150 peun.

Panosu koje je Pegakuuja npuxsaruia IOTaMIajy ce 1Mo peay IMpHjeMa, YKOJHKO
BHAX0BO 00jaB/bMBame He Oyne 3agp)KaHO HcOpaBkama. AyTopH npobujajy GecrnaTHO
40 moceGHMX OTHCaka CBOra paja.

Padoeu xoju dio wWiexnuuxoj otipesu u Hauuny ussaiara we odiosapajy ciliusy padosa

xoju ce objasmyjy y Iaacnuxy, 6uke spakenu ayiiopy Ha hupepady. Crora ce ayTopHMa
cxpelie na)kma a Ce NMpH MMcawy panoBa NpuUap)KaBajy cneneher ymyrcrea:

OnpeMma pyxonmca
Pyxomnuc mopa 6utH nocrasibeH Pemakumju y iGpu mpuMepKa, MHCAHA MaIIMHOM

C8 9YHCTHM CJIOBHMA, Ca JBOCTPYKHMM IPOPEIOM, Ha jeMioj CTpaHM manupa ¢dopmaTa A,
B Ca MaprHHOM OX 3 cm ca cBake crpaHe. IIpu Kyuamy HEe Tpeb6a KOPHCTHTH Koce



OpTe Kao 3arpafe. OpPHrHHan pyKomuca TpeGa Aa Cagp)KH CBE CJMKE, XHjarpaMe B
Tabinne, Koje TpeGa NPHJIOKATH HA NOCECHHM JIACTOBHEME HA Kpajy PYKOOMCa, & Y
TEKCTY TpeGa O3HAYHMTH CamMO HHXOBO NPHOGIMKHO MecTo. Peaymrar ce mory npe-
KasaTH uAu CIIMKOM usu TaGmumom. HcTH pesysTar He MoXKe C¢ NpHKaSHBaTH Ha oba
HaumHa. He mpuxBaTta ce pempoaykoBame ciMka M Tabimua u3 gpyrmx pajgosa. Crpame
pyxonuca TpeGa Hymepucatn. HapouMTy nakmy Tpefa MOCBETHTH HOMEHKJATYPH H
TEPMHHOJIOTHH, Koje TpeGa na 6yny y CKiIagy ca mpenopykama MHrepHalmonatHe yHEjE
Sa HCTY H NpHMclbeHy xemnjy. Ckpahenmue m cumbone TpeGa 06jaCHATH IpH IPBOj
ynorpebn y rekcry. Cnextpu (IR, UV, NMR), xpomatorpamu m ci. Hehe ce o0jaB-
JbHMBATH, YKOJIHKO MM je jeHHA CBpPXA HONYHCKO KAPaKTEPHCAIE jeAHILCHa. Y HACJIOBY
pana tpeGa na Gyny MCIMcaHA IIyHR MMCEHR M CPeqIE CJIOBO ayTOPa, & HACJOB 4KO je
HKaKo moryhe He TpeGa na cagpxku cumGone m dopmyne.

Ilocne cpICKOXPBATCKOT TEKCTa CTaB/b@ CC¢ NYH HA3HB MHCTHTYLIH)E V KOjoOj je
pan ypalieH, Ha CPIICKOXPBATCKOM, & IIOCJIC CTPRHOr TCKCTa, HA OAroBapajvhem crpa-
HOM j€3HKY.

H3Box Ha CTPaHOM je3WKY MOpa [Ja MMa NPEBEdEH HACJIOB paja M OyHa HMEHa
ayTopa, W Ha Kpajy HAa3sHB HHCTHTYLMjE; HCTO BR)KM M 38 M3BOJ HAa HAIIEM je3uKY,
KOJM CTOjM y3 paji IHCRH HR CTPAHOM jE3HUKY.

LlenoKynaH TEKCT y abauyama B sefendama y3 ciuke Tpeba ceM Ha CpICKO-
XPBaTCKOM j€3MKY AATH V MOTHYHOCTH M HA OHOM CTPSHOM jE3MKY Ha KOME jé OaT H3BOI.
Tabnune obGaBe3Ho TpeOGa Ja MMajy HAac/OB, 8 MyMepHAmIy Ce PHMCKHMM GpojeBHma.
Crmake ce Hymepumy apanckum OpojeBuma. I[IpHkasuBame MCTMX pe3ysrTaTa y Tabin-
LaMa K JHjarpaMHMAa y HAYE/IY HHje J03BOJHEHO.

Lipigencu u cauxe. LIpTerxu Mopajy GATH Nmay<bHBO M3paleHH OJIOBKOM Ha 6eJoj
AJIH MEJIAMETapCKOj XapTH)H M Tpeba na 6yny oko Osa iyia eehu Of KIKIIEA KOjH
Tpe6a nma ce m3panu. Portorpaduje Tpeba H3GEraBaTH, & YKOJMKO CY HEONXOQHE, MO-
pajy 6uTi Ha 3amoBOsbaBajyheM TeXHMUKOM HHMBOY 33 HSPafy KJTHILER.

JudwGepaiaypru yudadiu Tpeba na Gyqy NPHIIOXKEHH MOCEOHO U HYMEPHCAHH OHHM
pedoM KOjHM ce MojaBibyjy y TeKcTy. Hymepucame y TekcTy Tpefa BPIIHTH y HCTOM
PeNy Ca TEKCTOM apanckamm Ludpama HODMa/IHE BEJIMYMHE Y OKPYIJIMM 3arpanawma.
Cxpahennue sa wacormmce TpeGa y3mmatn mpema Chemical Abstract, 55, 1j-397) (1961).
Hapouurty na)kiy TpeGa INOCBETHTH HMHTCPNYHKLMiM. PanoBu ce uurupajy Ha caenechu
HayuH: Newton, M., Boer, F. and Lipscomb, W., J. Amer. Chem. Soc., 88, 2353 (1966).
KmHre ce uutupajy Ha cnenehm Haumm: Rutgers, A. J]., Physical Chemistry, Inter-
science Publ.,, New York, 1954, ctp. 76—81.

3a pajoBe NMAcCaHe Ha CPMNCKOXPBAaTCKOM jE3MKY PVCKY JIMTEpaTypy Tpeba HaBo-
INTH Y H3BOPHOM OGJMKY, 8 8KO je TEKCT IHCaH Ha HEKOM 3aMajHOM jE3HMKY JIMTepa-
TypHe HaBoje TpeGa TpaHckpuOoBaTH (K-zh; x-kh; n-ts; w-ch; m-sh; m-shch; sr-y;
10-yu; fA-ya; 3-¢; #-i).

Ilowrro ce I'lacHHK MPEeBOAM Ha CHIVIECKH M H3Oaje y u3gamy National Science
Foundation, USA, suiliepamiypy 3a swpehu iupumepax pyxomnca obasesmo TpeGa mpu-
npemMUTH npema noceGHum ynytcteuma NSF:

a) Hajmpe ce craBba ayTOpOBO Npe3MMe, Na MHMIMjaIA MMEHA;

6) aKo je pey O KbH3M [Jaje ce NMyH HAC/IOB KIUre, MeCTo obGjaB/bUBama, Hme
U3napaya, roguHa ofjaB/buBama H CTpaHa, CBe 6e3 uxakeux ckpahusara;

B) 8KO je pey O UJaHKy, JaTH NyH Ha3HB YIAHKA ¥ IIYH Ha3WB UACOMHCA y KOMe
je unaHax o6jaBibeH, 6e3 ckpakusarsa. HaBecTH MecTo M3JaBama 4YaCONMMCA, KEHTY H
6poj myGnuKaudje, NMyHy INaritHalMjy 4jaaHKa M AaTym o0jaBibMBamba;

r) ako je 1o roBop Ha Komrpecy, marm nacnoB rosopa ¥ ume Kourpeca. Axo
CY KOHIPECHH roBOpH 00jaBIbeHH, AaTH JAaTyM M MeCTO 00jaBJ/bUBama H MME M3M1aBaua;

I) aKO je peu O 3aKOHY, 3BaHHYHOM M3BEIUTajy M CJ. HAaBECTH NYHO HME H
MecTO nyOJIHMKaumje.

Wssoau panoBa, caoOpamenu ycnosuma Chemical Abstract-a mrammajy ce Ha
noce6HMM KapTHuama y npmuiory I'nachmka. Crora ce ymosbaBajy ayTopd Ja y3 pan
IOCTaBe H JIMCTY Ba)KHUjUX MOjMOB2 KOjH KapaKTepHIly NOINPHHOC Pafa Te 3aCiIyXKyjy
aa oo wuma pax Oyme cBpcran y Chemical Abstract-y Subject Index-y, mmp.: Kara-
JIN33, CH3UMCKE peaKiiMje, XeMHH, MHOO/, XeMOIJIOOMH, OKCHOalMja.



SRPSKO HEMIJSKO DRUSTVO (BEOGRAD)

BULLETIN
OF THE CHEMICAL
SOCIETY
Belgrade

(Glasnik Hemijskog dru$tva — Beograd)
Vol. 36, No. 5-6, 1971

Editor:
ALEKSANDAR DESPIC

Editorial Board:

B. BO2I¢, V. VAJGAND, J. VELICKOVIC, D. VITOROVIC, V. VUKANOVIC, M. GASIC,

A. DAMJANOVIC, D. DELIC, A. DESPIC, D. DIMITRIJEVIC, M. DRAGOJEVIC, D. DRAZIC,

S. PORDEVIC, D. JOVANOVIC, S. JOVANOVIC, S. KONCAR-DURDEVIC, A. LEKO, M. MIHAI-

LOVIC, V. MICOVIC, M. MLADENOVIC, M. MUSKATIROVIC, S. RADOSAVLJEVIC, S. RA-

SAJSKI, V. REKALIC, S. RISTIC, M. ROGULIC, b. STEFANOVIC, M. STEFANOVIC,
A. STOJILJKOVIC, D. SUNKO, P. TRPINAC, M. CELAP, V. SCEPANOVIC

Published by
SRPSKO HEMIJSKO DRUSTVO (BEOGRAD)
1971



Translated and published for U.S. Department of Commerce and
the National Science Foundation, Washington, D.C., by the Nolit
Publishing House, Terazije 27/11, Belgrade, Yugoslavia
1973

Translated by
LAZAR STANOJEVIC

Edited by
PAUL PIGNON

Printed by Birografika — Subotica



CONTENTS

Dragan S. Veselinovi¢ and Gaber el Inany

Spectrophotometric Investigations of the Copper-Hydroquinone Complex

in Acidic Medium ....... ... i e e
Konstantin I. Popov and Aleksandar R. Despié

On Surface Roughness Amplification in Diffusion Controlled Metal Depo-

10 o P
Slobodan D. Radosavljevi¢ and Felena S. Sasié

A Modified Simple Synthesis of the Lower Crystal Phosphonitrilic Chlorides
Slobodan D. Radosavljevi¢ and Felena S. Sasié

Separation of the Phosphonitrilic Chloride Trimer from the Tetramer ....
Slobodan D. Radosavijevié, Mihailo S. Falovi¢, and Ljubinka §. Bogunovié

Polycondensation of Dimethyldichlorosilane with Adipic Acid ..........
Vilim ¥. Vajgand and Tibor ¥. Pastor

A Study of Conditions for Conductometric Titration of Bases in Acetic
ACId Lo e e

Jelena §. Bojanovié, Predrag P. MiloSevié, and Andreja I. Razbor¥ek

Effect of Successive Hyperinsulinemia on the Level of Phenols in Rabbit
Blood ... e i e e

Slavko N. Ralajski and Fovan S. Velitkovié

Determination of the Water Content of Yeast Cells (Saccharomyces cerevi-
stae). 2nd CommUNICAHON ... ..o vtiitittit ittt iiie it ennrnnnns

Marija D. Lazarevi¢ and Miroslava D. Jancevska
On the Synthesis of Some Phenylcyclohexane Derivatives ..............

Page

13

17

25

27

33

43

47

67



Digitized by GOOS[@



GLASNIK HEMIJSKOG DRUSTVA, Vol. 36, No. 5—6, 1971, pp. 165—172

GHDB-141 543.42:541.49:546.56:547.565.2:542.943
Original Scientific Paper

SPECTROPHOTOMETRIC INVESTIGATIONS OF THE COPPER-
-HYDROQUINONE COMPLEX IN ACIDIC MEDIUM

by
DRAGAN S. VESELINOVIC and GABER EL INANY

The oxidation of hydroquinone by cupric ions has been discussed in
the literature-8), but only a few of these discussions®: 8 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 adjusmment 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-! 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 (H2O)4)*+ gives an absorption maxi-
mum at a wavelength of 800 nm (Fig. 1a, 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
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when it begins to increase rapidly (Fig. 1, curve b). At a pH of about 7 the
complex is precipitated®.

as /
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Fig. 1.

(a) The influence of pH on the spectrophotogram of the copper-hydroquinone system
in a solution containing 0.0004 M CuSO, and 0.1 M H,Q. (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® 9, extended by
Vosburgh et al.(19. 11, 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(!?) 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—ux)—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=Ke./eg, where K is the sta-
bility constant, and €; and €; 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—uw),
from which we can calculate the molar extinction of the complex.

a3

028 -

o020}
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§40nm

008 |-
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1 1 1 Il Il i 1 1
0.00’ 2 J 4 5 6 7 8 9

— ml H,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
H:Q=H*+HQ"
Applying the law of mass-action to the second equilibrium, we obtain
Cu* Chq™
ko= SR CHa
Chiq
- ke CH:Q _
Cuq™= Gt =FCu,q

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 Cua- can
be calculated from its original concentration knowing the concentration of
H+ ion and the dissociation constant of hydroquinone at each ionic strength
ke, 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 109, 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 k. 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 1

Data for Nach’s Method
(1) #=0.08, Cc, =0.0225 M,A2;,=0.008, A%, =0.024, A°,,=0.052, pH=4.05, k. =10-%,

F = 10—6.77
A -X
Cu,q 2, nm YF A, nm
590 620 | 650 590 620 650
0.0100 0058  0.068  0.088 100 0.160  0.546 1.450
0.0200  0.083 0.093 0.113 50 0.106 0348  0.854
0.0400  0.098  0.108  0.122 25 0.088 0285  0.740
0.0600  0.110  0.117 0.128 167 0078 0.258  0.704
0.0800  0.121 0.126  0.132 125 0.071 0.235  0.648

KF 9% 92 97 Mean KF=93; pK=78
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(@) u=0.14, Co=0.0400 M, Al =0.021, Ay =0.052, A3io=0.110, pH=4.05, k, = 10-*5,

=10
A -X
Cg,q A, nm YF A, 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=77
(3) #=0.22, Cc,=0.0625 M, A3y, =0.038, A°”=;%083, Aggo=0.171, pH=4.05,k,=10—"4,

F=10-5
A -X
Ch,q ), nm YF %, 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=175; pK=175

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 Vy. depends on the type of ions
as shown by the following equation:

log Ka=log K+Az?|/.
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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 Vy. will
be —2. In case of complexation with double ionized hydroquinone this
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Fig. 3.

(a) Nach’s method for copper-hydroquinone system at different p.: 0.08—o, 0.14—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 jonized
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® and oxidizing power®. There are many such
cases in the literature, e.g. copper is reduced by hydrazine(4) and recently
it has been reported?® 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(®. Similar examples are the formation of complexes of hydroquinone
with the ferric ion1? and the formation of complexes of resorcinol with
copper when the latter is used as a catalyst in the oxidation of resorcinol
with H20.;(8. 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 (4) 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=38.10
as determined by potentiometry and polarography9. () Catechin also
forms a 1:1 complex with copper, with pK=7.80 at pu=0%20. Our results
show that the stability constant of (CuHQ)* is 8.0 which is similar to the
above values for catechol and (4 ) 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 of pH 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 p=0, while its molar extinction coefficient is 5.05 at
A=620 nm. An insoluble complex is formed in a neutral medium.

Institute of Physical Chemistry, Received 16 November 1970
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®: 2. 3), This effect has
been suggested as the basis of dendritic growth of metallic crystals under
certain conditions of deposition®.

Ibl and Schadegg® have noted that increased surface roughness raises
the current density limit. They give a qualitative model for this phenomenon.
Diggle et al.® have derived a quantitative theory according to which this
current increase follows and exponential law:

iL=(iL)o[1 +Aexp ({)] M
where the time constant is
[ nFDC°F +80]2
T= i (R_TnJ (II)

ool

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 Eqgs. (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, 8.

Under the complete diffusion control nFDC°/i; exp («cF,/RT)< 3
and exp (nF,/RT)< 1, so that Eq. (II) reduces to

3
L (I1D)
MDC®
or
ot P
. — 1
[ a8 ]c’ MDC® aw

13
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and

ot _e%
[a(l/co)so MD W

The experimental system was chosen such that both the initial surface
roughness and diffusion layer thickness were well defined. The cachode
was a phonograph record with 40 p. triangular ridges. It was mounted in
a carrier (Fig. 1) which allowed coating it with a layer of electrolyte harde-

Fig. 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, 3, was equal
to the agar layer thickness.

Experiments were conducted wich CuSOy solutions in the concentra-
tion range 0.1 to I N, with | N Na2:SOj; 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

LI V1)

logir=log A+
gL g 23«

From the slope of these curves t values were found. Figures 2 and 3 show <
as a function of 3} in 1 N CuSOs+1 N NapSO4 at a cathode potential of

1 Th
100+
(o]
(@)
50+
(o]
smm?2)
70 2.0 30 40
Fig. 2.

Time constant t of the current density increase as a function of diffusion
layer thickness §,

—0.600V, and of 1/C° with 3o 1 mm at a cathode potential of —0.300 V.
The partial differentials (IV) and (V) obtained from the slopes are 0.9 -107
sec cm~2, and 0.2 X105 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=5-10-8 sec cm~2 the values 5x 107 sec cm~2 or 2.5x 10> mol
sec cm?® are obtained. Satisfactorily straight lines on the log i against t plot
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for all values of C° and 8y 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.

A
e

Ye it/ mot)

0 20
Fig. 3.

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 3,. 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 © 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. RADOSAVLJEVIC and JELENA S. SASIC

Phosphonitrilic chlorides constitute a homologous series of inorganic
polymers of the general formula (PNClz)n. The monomer and the dimer
have not yet been isolated. The lowest known member is the trimer (PNCls)s.

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

nPCl;+nNH;Cl=(PNClz)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™ or with a solvent®.
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 Rémer®. They used symmetrical
tetrachloroethane which dissolves phosphorus pentechloride 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® and anhydric halogenides of certain
metals® were studied. In this way much better results were achieved;
the duration of synthesis was shortened from 20 to only 3—35 h, according
to the patent of N. L. Paddock"), the duration depending on whether the
chlorides of aluminum, manganese (II), copper (II), magnesium, tin (IV),
cobalt (1I), 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®®, 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 MgCl; - 6H20, 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, 15.5g ammonium chloride and 200 ml chlorobenzene were
heated in a flask with a reflux condenser and outlet pipe for the HCI 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 MgCl; - 6H20 at 180°C
for 6 h was then investigated. It is known from the literature® that MgCl, -
- 6Hz20 at 106°C begins to release HCI, 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 1:21.7 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 MgCl; - 6H20 (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 189, trimer-tetramer mixture
after 20 h, about 219, after 40 h, and about 329, only after 50 h.

TABLE 1
Effect of Quinoline as Catalyst

(PNCll)n
No. | time | PCl:GHN NH,CI
molar ratio cryst. fraction oily fraction unreacted

M | | ® | co | @ o1 ® | ¢

1 50 1:0.324 11.6 41.7 7.9 28.5 4.5 28.0
2 50 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 12.1 435 8.5 30.7 49 31.6
5 2) 1:0.324 12.8 46.1 8.5 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 53 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 5.8 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 79 51.0
13 10 1:0.324 0.3 1.08 18.5 66.9 124 80.0
14 10 1:0.324 0.2 0.72 17.3 62.2 12.4 80.0
15 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 39 14.1 15.9 57.2 119 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 PCl; was 50g, of NH,Cl 15.5g and of
CgH;Cl 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 17 h had practically no effect on the
crystal fraction, but increases the oily fraction. With further reduction to
15 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 13 or 10 h, gave unsatisfactory results for
the crystal fraction. The oily fraction from 13 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 10h to the 20 h synthesis. The yield of oily fraction
(maximum at 13 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®? that the basic che-
mistry of the synthesis as described above involves reacticn 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 10 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 50h to 17h.

TABLE II
Effect of Heated MgCly-6H,0 as Catalyst

MgCly-6H,0 (ENClon NH,C!
i glly Oy
No. | time heated cryst. fraction oily fraction unreacted
m| ® @ | o | @ | @ | @ | <
1 17 2.3 109 392 85 306 67 433
2 17 2.3 106  38.1 81 299 7.6 49.0
315 2.3 1.7 420 91 329 73 411
4 15 2.3 11 399 87 313 71 459
5 10 2.3 106  38.1 89 320 69 446
6 10 2.3 1.1 399 8.5  30.6 7.1 459
7 7 2.3 89 320 7.8 28.1 79 5Ll
8 7 2.3 83 299 7.4 267 8.4 541
9 10 3.45 104 374 91 329 7.5 484
10 10 3.45 109 392 86 309 7.5 484
11 7 3.45 85 306 75 270 82 530
12 7 3.45 9.0 324 72 259 7.9 511

In all these experiments the amount of PCL; was 50 g, of NH,Cl 15.5g and of
CeH,Cl as solvent 200 ml.

Table II presents the results for syntheses in which the catalyst obta-
ined by heating MgCl; - 6H;O was used. The data evidence that shorte-
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ning the time of synthesis from 17h to 10h 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 10 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 MgCls - 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 17h 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 PCly:NH,Cl in a Quinoline Catalyzed Synthesis

PCl,:NH,CI ENCl.

No- | 'molar ratio time crystal fraction oily fraction
) @ | ® |
1 1:1 20 9.9 356 14.4 51.9
2 1:1.2 20 11.9 429 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 1:1 15 2.8 10.1 20.4 732
8 1:1.2 15 8.6 30.9 15.8 57.0
9 1:1.5 15 11.4 41.1 1.2 40.3
10 1:1.2 13 3.0 10.6 20.0 72.0
1 1:1.5 13 7.9 28.4 9.9 356
12 1:1.2 10 0.25 0.9 17.9 64.5
13 1:1.5 10 47 169 16.7 60.0
14 1:2 10 14.0 50.6 9.65 34.3
15 1:2 8 13.7 49.2 6.75 24.4

In all these experiments the molar ratio of PCl; to C;H,N was 1:0.324.

Tables IIT 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 MgCl; - 6H20.
In both batches it is evident that using more ammonium chloride gave
better results. The joint action of the catalyst prepared by heating MgCl, -
*6H30 and a high ammonium chloride ratio cut the duration of synthesis
to 8 h (Table IV).
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TABLE IV
Influence of molar ratio PCly:NH,Cl in Synthesis Catalyzed by Heated MgCl,-6H,0
| (PNCly,
PCl;:NH,ClI .
No. 5 4. t
© | molar ratio tme crystal fraction oily fraction
I (h) ® | © | ® |
1 I:1 10 8.3 29.9 9.4 33.8
2 1:1.1 10 10.2 36.6 8.7 314
3 1:1.2 10 10.8 38.2 8.7 31.4
4 1:1.5 10 12.8 46.1 8.5 30.6
5 1:2 10 14.1 50.7 8.6 31.0
6 1:1.5 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 7.6 274
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 PCl; to heated MgCl, - 6H,O 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 HCI. In all these tests
the molar ratio between phosphorus pentachloride and ammonium chloride
was 1:1, the weight ratio between the MgCl; - 6H20 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 599%, crystal and 239%, oily fraction.

TABLE V
Influence of Temperature of Synthesis
| | (PNCly),
No time t . .
crystal fraction oily fraction
RO ® | ® | (W
1 10 120 8.6 31.0 7.1 25.5
2 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 7 130 15.0 539 7.8 28.1
7 5 120 6.3 22.7 7.1 25.6
8 5 125—7 11.7 42.1 7.2 25.8
9 5 130 11.7 42.1 5.7 20.6

In all these experiments the amount of PCl; was 50 g, the molar ratio of PCl; to
NH,CI 1:2, and the ratio by wt of PClI; to the catalyst prepared by heating MgCly- 6H,0
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—809% (not all) the chlorobenzene after synthesis and filtering off unre-
acted ammonium chloride. In this way we obtained a highly concentrated
solution of phosphonitrilic chlorides. After cooling for 5—6 h, 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 MgCl; - 6H20 for 6 hours at 106°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.
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SEPARATION OF THE PHOSPHONITRILIC CHLORIDE
TRIMER FROM THE TETRAMER

SLOBODAN D. RADOSAVLJEVIC and JELENA S, SASIC

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®. The literature gives several met-
hods, more or less effective, for the separation trimer and tetramer in a
mixture: fractional vacuum distillation®, successive fractional crystalliza-
tion from glacial acetic acid®, or, in case the pure trimer is desired and
the tetramer is discarded, steam distillation at atmospheric pressure®.
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 112°C; in pure form it melts at
114°C. Repeated distillation produced the trimer in a still purer state (m.p.
about 113.5°C). According to the literature®, 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: 26.629%, phosphorus, 11.9% nitrogen and 60.8%, chlorine, which
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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 ter-
ramer after 1 h refluxing, 97.8% after 3 h, 97.29% after 6 h, 929, 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 PsN4 (OH);Clg-4 H2O, which is a product of inccm-
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 tetramar
is further exposed to water action at boiling point under atmospheric pressure.
In this way it was councluded 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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POLYCONDENSATION OF DIMETHYLDICHLOROSILANE
WITH ADIPIC ACID

SLOBODAN D. RADOSAVLJEVIC, MIHAILO S. JACOVIC, and
LJUBINKA J. BOGUNOVIC

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®.

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 trifunctional 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 of the 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®.

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
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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®. 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 (CHj); COOSi (CHs): and with the terminal
groups COOH and Si (CHs)s Cl

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 140°C, forming hexapro-
pionoxydisiloxane and propionic acid anhydrides®. 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®.

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
. . .. molar ratio
No. | dimethyldi- | adipic | gperpoldio |, %0CO
chlorosilane acid hlorosilane : %Si %Cl (CHp,CO0
(mole) (mole) ch orosrane: e
adipic adic
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
IIT 1.87 0.685 2.7:1 14.90 12.70 57.10
v 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 tH-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 6.429% 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 onlv 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 11
Analysis of Nonvolatile Products of Thermal Rearrangement

Composition of thermal rearrangement residue

Ne. %Si *,Cl ©,0CO(CH,),COO
1 14.60 7.05 63.01
11 14.49 6.94 64.47
1944 14.27 6.62 63.25

v 14.65 6.38 63.47
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For the residue obtained in test IV (Table II), a 'TH-NMR spectrum
was recorded. It was similar to the corresponding spectrum of the inital
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 6.919%, 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) (CHs)2SiClz +n HOOC (CH)4COOH—
— CISi (CHs)s [OCO (CHz)s COOSi (CHs)z]n Cl+2n HCI
However, when the reaction of adipic acid is incomplete there must
be some molecules with dissimilar terminal groups:
(n+1) (CHs)2SiClz+(n+1) HOOC (CH3)sCOOH—~
— ClISi (CHs)z [OCO (CHz); COOSi (CHs)z]a OCO (CHz)4COOH
+(@2n+1) HCI
together with still fewer molecules with adipic acid monoesters on both
endings:
n (CHs); SiClg+(1n+1) HOOC (CHg)s COOH—
—H [0OCO (CHj)4 COOSi (CHs)z]n OCO (CHz); COOH+2nHCI

Hence we hypothesized that the formula describing the products of
condensation of adipic acid with excess dimethyldichlorosilane could be

CISi (CHs)z [OCO(CHz)s COOSi (CHs)z2]n [OCO(CH2)4COOH]m 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-+1, 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)sCOOSi (CHs)z2]1.21 [OCO (CHz)s COOH]Jo.44 Clo.se
%Si  %Cl %OCO(CHz);COO

Found (mean value) 14.94 13.32 57.21
Calculated 14.71 13.11 56.33



31

In a similar way n and m for the product of synthesis V (Table I) were
determined:

ClSi (CHs)z [OCO (CH3)s COOS:i (CHs)z]1.40 [OCO (CHz)s COOH]Jo.25 Clo.7s

%Si  %Cl %OCO(CH:)sCOO 9,C %
Found 1494 13.72 52.83 39.27 642
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)z [OCO (CH2)s COOSi (CHs)z}a.28 [OCO (CHz2)sCOOH]Jo.20 Clo.so

%Si  %Cl %OCO(CH:),CO0 %C 9%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 detcrmined 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 (CHs):OCO (CHz)s COO Si (CHs):Cl
+Cl Si (CH3):0CO (CH3)sCOOSi (CHs):Cl->
—CISi (CHs)z [OCO (CHz)s COOSi (CHs)2]2Cl+4-(CHs),;SiCl2
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(. 2),

We showed in a previous paper® 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®,

In the displacement titrations of weak bases, trichloracetic acid produced by “Sche-
ring A. G. Berlin” was used.

We modified the apparatus described previously® inasmuch as in this study we
used platinum electrodes of surface area 0.3 cm?® 1.5 cm apart.

RESULTS AND DISCUSSION

In the presence of acetic anhydride (€=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 small®. In order to compare the results
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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 19, for strong base. However, when
weak bases, caffeine or aminopyrine for instance, were titrated, the error
was 2—39%. 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.
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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 1
Conductometric Titration of Some Bases

Conductometric titration

g [Potent.—————— — ——
Substance a titn. | Direct titration | Inverse titration Back-titration
s — [P R (=
titrated 4 F°;§“" Sg| Found |Sg) Found |32 Found
el % IS8 % |SE| % S8 %
Triethylamine 294 99.54 S 100.8+0.1* 8 99.5+04
Tributhylamine 55.6 98.87 4  99.240.5 8 99.4+0.5
N,N-diethyl-
aniline 42.3 99.56 4 100.3+0.2 8 99.7.£0.4
Nicotine 255 98.64 6  99.14:0.4
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 9844 6  98.3+0.1°
Aminopyrine 355 9972 6 102.5+2.0 8 98.9+0.5 5 1004+1.2
5 99.0+1.0°
Antipyrine 56.9 99.77 8  99.840.9* 12 100.1+1.5
6 99.3+0.6" 5 98.240.1*
6  99.5+0.2°

* Average deviation.

** ]-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.

wh
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Fig. 2.

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.
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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® 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

N

2%

h R
2 -
2 - " —
1 2 3 4 S ml

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. 3.00ml 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®, 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).

]
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Fig. 4.
Titration curves for conductometric back-titration of:

1. 35.5 mg of aminopyrine in the presence of 6.00 ml of 0.1 N perchloric acid

2. 99.6 mg of novalgin in the presence of 10.00 ml of 0.1 N solution of perchloric acid»
with a 0.1 N solution of sodium acetate

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 seccnd 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 —SOgNa 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 979, 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—S0sNa+HCIOs;—»R— SOsH+NaClO4

(upon the addition of perchloric acid prior to titration)

2. R —SOsH+ CH3COONa—R — SO3Na+CHsCOOH
(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 1009, and in a series of five titrations of aminopyrine
the mean value was 919, 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” who found that oscillometric titra-
tions of caffeine in the presence of only 19, 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®. 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®. These authors found by
the oscillometric method that the presence of water up to 69, 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 titrant
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 (pKs=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+ CClsCOOH— CClsCOOH.B,

®s110"5

i

1 2 3 4 S ml HCO,
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) 0.1g,(2)1.0g,(3)2.7gand (4) 5.0g

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®) for titrations of
bases in 1,4-dioxan in the presence of formic acid, and also by Gaslini and
Nahum®2 who titrated bases having ionization constants in water as low
as 108—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.

(1i2) 221106

(3) ¥=02106

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|

(1) 2=5106

12) =110

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.

School of Sciences, Received 15 January 1971
Institute of Chemistry,
Belgrade University
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EFFECT OF SUCCESSIVE HYPERINSULINEMIA ON
THE LEVEL OF PHENOLS IN RABBIT BLOOD

JELENA J. BOJANOVIC, PREDRAG P. MILOSEVIC, and
ANDREJA 1. 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: 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 1000 g 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 | 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®.

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 9, (CV), percent increase or decrease
(+ %) and the level of significance (p).

R MSD  SE oV ox%
1.70—1.60 1.6510.041 0.015 2.48
5 0.51—0.44 0.47+0.023 0.008 5.06 —71.5 <0.001
10 0.44—0.38 0.42140.030 0.011 7.14 —74.5 <0.001
20 0.44—0.36 0.394-0.029 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 (+ 9
and the level of significance (p).

R M:+SD SE oV % p
1.90—1.78 1.8340.052 0.020 2.89
5 0.62—0.50 0.56 +£0.043 0.016 7.78 —69.4 <0.001
10 0.58—0.48 0.544+0.039 0.046 7.32 —69.4 <0.001
20 0.55—0.48 0.5140.026 0.010 5.24 —72.1 <0.001
30 1.90—1.76 1.8340.047 0.017 2.60
35 1.89—1.78 1.841-0.045 0.017 2.46
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 IT). 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 level of significance.

R MisD

SE. eV 4% op

0.2)—0.16 0.18+0.014 0.005 7.85
5 0.12—0.05 0.09 -0.024 0.009 27.57 —50 << 0.001
10 0.15—0.06 0.11 10.030 0.011 27.27 —38.2 <0.001
20 0.14—0.08 0.11 t 0.025 0.009 23.46 —38.8 <0.001
30 0.21—0.16 0.184 0.018 0.006 10.13

35 0.21—0.17 0.1940.014 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 15 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®. 9, 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(. 2,

We presume that the changes in the levels of esterified pheuols 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.

Institute of Chemistry and Received 10 March 1970
Institute of Biochemistry,
School of Medicine,

Belgrade University
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DETERMINATION OF THE WATER CONTENT OF YEAST CELLS
(SACCHAROMYCES CEREVISIAE). 2nd COMMUNICATION*

SLAVKO N. RASAJSKI and JOVAN S. VELICKOVIC

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® and the stratified structure of the cell wall®,

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®, 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 17, Kolidon 25,
and Luviscol K 30, 60 and 90 (according to specifications by the manufac-

* Excerpt from the doctoral thesis of Jovan Velickovi¢; 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 1
Macromolecular Substances Used
No. Substance ( d[i'}]g) Mol. wt. Average Origin

1 PVP—17 0.065 5720 BASF

2 PVP—25 0.15 26 400 »

3 PVP—30 0.18 35100 »

4 PVP—60 0.73 445 000 ”

5 PVP—90 1.32 1292 000 "

6 PVA—30 1.38 12 500 Hoechst

7 PVA—50 1.64 41 600 »

8 PVA—T70 1.92 61 200 .
10 MEC—10 1.48 20 900 Dow
11 MEC—15 1.62 24 700 »
12 MEC—-25 1.83 30 000 "
13 MEC—50 2.42 62 700 .
14 MEC—100 2.92 77 700 »
15 MEC—400 5.20 123 100 -
16 MEC—1500 5.80 187 200 "
17 MEC—4000 6.20 —_ »
18 DEX—1 — 3000 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 »
23 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 5000 BDH, Merck




49

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]=52- 10-5 - M0-56
PVA® [7]=42.5-10"5 - M0-64
MEC® [5]=280 - 10-5 - M0.63

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 Seéera i Vrenja Dimitrije Tucovié, 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® and Conway and Downey'®, as described
in the previous communication®,

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—1IV.
(2) Determinations with PVA solutions — A number of tests were
conducted with:
(a) PVA solutions of diffcrent concentrations
(b) PVA solutions of different mean molecular weights.
Results of some of these tests are presented in Tables V and VI.
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TABLE 1I

Determination of the Distribution of Water with PVP Solutions of
Various Concentrations

Concentration W EW w Ccw
Exper. \ Substance ) o) ’ ) l ) ' )
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—6) 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
. 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
TW EW w Cw
Exper. Substance ) l o) ‘ ) ‘ )

1 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 6).8 66.9
PVP—69 69.9 8.2 61.7 67.2
PVP—90 69.9 6.4 63.5 67.8

2 PVP—17 70.5 13.2 57.3 66.L
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
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TABLE 1V

Determination of the Distribution of Water with Eguiviscous Solutions of PVP of Various
Molecular Weights

Exper. Substance Co(r:)ze)nt. Rel. visc. '(I;?), \ (E‘}‘X . (XZ) ‘ (E/Y
1 PVP—25 4.01 1.91 71.6 11.0 69.6 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 PV A Solutions of Various Concentrations

Exper. l Substance Concggganon F(I:,?; ‘ 5,2‘; i (},Z) ' 8?)/
1 PVA—30 2.52 72.6 12.0 60.6 68.9
o 1.90 72.6 12.1 60.5 68.8

9 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
. 2.78 72.9 13.6 59.3 68.6

. 1.96 72.9 13.8 59.1 68.6

”» 1.36 729 15.7 57.2 67.9

» 1.20 729 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

. 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%, —49, 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%.

40
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TABLE VI
Determination of the Distribution of Water with Solutions of PVA of Various Molecular
Weights
TW EW w cw
Exper. | Substance %) %) %) %)
1 PVA—30 73.2 12.5 60.7 69.4
PVA—50 73.2 10.2 63.0 70.2
PVA—T70 73.2 9.9 63.3 70.3
2 PVA—30 73.5 15.1 58.4 68.8
PVP—50 73.5 149 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

Conc. . W EW \.4 Ccw

Exper.| Substance %) Rel. visc. (%) (%) \ ) l %)
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 23 72.7 20.6 52.1 65.6

» 0.44 1.8 72.7 22.6 50.1 64.7

2 MEC—IS 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




53

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 VIIT
Determination of the Distribution of Water with Solutions of MEC of Various Molecular
Weights

Concentration* W EW W Ccw
Exper. } Substance %) %) l %) l % | )
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 C(g:)c * | Rel. visc. (T;X l F:,X ’ (g) (COZV
1 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—4000 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 ((Z:’)/:)c * | Rel. visc. }.‘X g;'; ("VZ ) l (CO“)’
1 DEX—2 1.80 1.50 72.0 15.6 56.4 66.8

” 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—S5 1.72 — 70.5 9.0 61,5 67.6

» 1.14 — 70.5 8.6 61.9 61.7

» 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

TW EW w Ccw
Bxper. l Substance | (%) 1 o) ‘ %) )
1 DEX—4 72.6 11.0 61.6 69.2
DEX—7 » 10.4 62.2 69.4
DEX—2 » 8.8 63.8 69.9
2 DEX—1 73.3 229 50.4 65.4
DEX—4 " 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

. W EW w Cw

Exper. Conc. | Rel. visc. ) ’ o) l o) ‘ (%)
1 4.66 1.09 72.5 16.2 56.3 67.2
3.22 1.06 » 16.5 55.9 67.0

1.12 1.02 » 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

0 r-3 a

A PVA-30
® MEC-10
+ MEC-100
vV PYP-9
(X3 1.0 15 20 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; 7 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 exneriment this point represents the maximum EW value in
the given serics 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 1 — 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

TW EW w Ccw

Exper. Substance ! ) 0 o) 2
1 PVP—17 73.0 15.2 57.8 68.2
PVP—25 » 14.1 58.9 68.6
PVP—30 - 13.7 59.3 68.7
DEX—8 » 12.5 60.5 69.1
DEX—7 » 12.2 60.8 69.3
DEX—2 » 11.4 61.6 69.5

2 PVP—17 72.8 14.7 58.1 68.1
PVP—-25 » 13.9 58.9 68.4
PVP—30 ' 13.1 59.7 68.7
PVA—30 " 13.9 58.9 68.4
PVA—S50 " 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).
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By extrapolation of the straight line dependence of EW on the mean
molecular weight to the value [7]=0, a limiting EW value is obtained,
since the effect of magnitude 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(,;-9, 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®,

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 67.34-0.8 and 32.740.8%, respectively.

TABLE XIV
Extrapolated values for the distribution of water

Exper. Substance EWmi=0 ‘ Evgc‘./";=° %’Vl;
o//o () o
1 PVP 16.2 67.9
DEX 15.4 15.840.4
2 PVP 15.5
PVA 15.0 15.14+0.4 68.0
DEX 14.7
3 PVP 16.6
PVA 14.5 15.54+1.0 66.6
DEX 15.2

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-17 and PVP-

TABLE XV
Ratios of Means of Extrapolated EW and EW Values Determined with Solutions of PVP-17
and PVP—30
Exper EWpvp.17 | EWpvp-30 | EWir1=0 | EWppT | EWnj=0 | EWiy3-0
o (°5) %o (G %) EWpvp-17 | EWpvp-30
1 15.2 13.7 15.8 20.6 1.04 1.15
2 14.0 12.1 14.7 18.2 1.05 1.21
3 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) EWppr to be about 509, greater than the value determined with
PVP-30 solution¥. 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(n1-0 is on average 169% 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 dimensions1?. Known to behave simi-
larly are PVA(D, methylcellulose®® and dextrane, although dextrane always
has a slightly branched structure(?). 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®.
Going toward the mouth of the pore, the sides of the funnel or channel



TABLE XVI

Avarage End-to-end Distance (r), Expansion coefficient (an) and Diameter (2s) of Macro-
molecules in Solution

I‘ I“ —
Polymer W an o0 2(&’3 h

A) )
PVP—17 53 (1,000) 44 35.2
PVP—25 127 1.064 18 94.4
PVP—30 136 1.082 137 1099
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—T70 231 1.99 247 197.6
MEC—10 231.0 1173 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 41 376.8
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-17 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

—— O—SPOLINMAVIDA  ___
EXTERNAL WATER

rrAE ~reAn
Q=N ~RAS<rmAa,

e —————— 3. MEMBRANA — — — — = = = — = — = —

CITOPLAZMA

—— — SPOLINA VODA -_— - 474 - —
EXTERNAL WATER

____________________ 3. MEMBRANA — — — — — — — o~ o
CITOPLAZMA

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 [7]=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 ®=2.5-102!, applied to
calculate the average end-to-end distance, varies within the range 2.0—
—2.8 - 102, according to recent data!®, 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-
ights9),

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_j7 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=25000 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
viscosity1® is applied to inuline, values of around 150 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.1%, 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 10°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 solution1?, 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 [5]=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 MEC
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.



SUPPLEMENT

Calculation of the average end-to-end distances (r2)* and average dia-
mater of rotation of macromolecules in solution 2(s2)'/'.

The average end-to-end distance (" was calculated from the limi-
ting viscosity and the relationship between the limiting viscosity and mole-
cular weight, [y]=KM?# for the given polymers.

Method 1: the average end-to-end distance is calculated directly from
the relation®

N ‘M
(l") s =%

Method 2: from the known relation between limiting viscosity and
molecular weight, applying the extrapolation procedure after Stockmayer
and Fixman®9, first Kg (values of constant K in the Mark-Howinkov equ-
ation under 6 conditions) is determined and then this magnitude and the
Flory-Fox function® are used to determine the average end-to-end dis-
tance of macromolecules in the undisturbed state, r,:

KoM
)

From the value obtained for Kg, [7]e is also calculated for the corres-
ponding molecular weight, and then the ratio

)/ [n]e=c3,

is used to calculate expansion coefficients for a polymeric cluster of the gi-
ven molecular weight in a good solvent.

The relation r=an,ro 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 @) 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®? taken for the universal constant ¢ was 2.5 - 102,

@’a:

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.

Institute of Organic Received 27 October 1970
Chemical Technology,

School of Technology and

Metal.lln’xy,

University of Belgrade
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ON THE SYNTHESIS OF SOME PHENYLCYCLOHEXANE
DERIVATIVES

MARIJA D. LAZAREVIC and MIROSLAVA D. JANCEVSKA

In continuation of our earlier work(. 2.3 we have studied the conden-
sations of p-cyclohexylacetophenone with diethyl oxalate.

The synthesis of the compounds to be described below was performed,
as in Claisen condensations®), by acylation of p-cyclohexylacetophenone®
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-(p-cyclophenylene)-1, 3, 4, 6-hexantetrone (I) was obtained, in the form
of yellow needles, with m.p. 229—230°C.

OO omsmonn0- Oy

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 (p-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.

O—O-OOOHZO 0C00C 2Hs
11

EXPERIMENTAL

1,6-Di-(p-cyclohexylphenylene) 1, 3, 4, 6-hexantetrone 2.3 g sodium
(0.1 mole) in thin platetets 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®. Then the flask is cooled with iced water. To the sodium
cthylate formed 10.1 g (0.05 mole) p-cyclohexylacetophenone and 7.3 g

5 67
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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 HCI (1:1) cooled with
ice.

21 g (91.7%) of the crude tetraketone ¢ f 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: CsoH3404 (458.57)
Calculated: C 78.60 H 7.47
Found: C 78.75 H 7.75

Quinoxaline derivative of 1,6-di-(p-cyclohexylphenylene)-1, 3, 4, 6-hexan-
tetrone.

The quinoxaline derivative (III) was prepared by heating equimolecular
amounts of o-phenylene diamine and 1,6-di-(p-cyclohexylphenylene)-1,
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.
(O ~ooca,g=cer,00-¢ Y()
i g 2
&

III

Analysis: Css Has N2O» (530.68)

Calculated: C81.50 H7.22 N 5.29

Found: C81.14 H7.05 N 5.35

(p-cyclohexylphenylene)-«, 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 m] 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
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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: Cjs Haz Og (302.356)

Calculated: C 71.55 H 7.33

Found: C 71.32 H 7.46

SUMMARY

By acylation of p-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)-1, 3, 4, 6-hexantetrone and (p-cyclo-
hexylphenylene)-a, y-ethyl ester of diketo butyric acid.
The tetraketone was proved via its quinoxaline derivative.

Department of Organic Chemistry Received 19 October 1970
of the School of Technology and Metallurgy,
Skopje University, Yugoslavia
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DEVIATION OF POLAR MOLECULAR SORPTION
FROM THE BET THEORY

by
DUSAN VUCELIC, MILENKO SUSIC 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 409, appear because it is impossible to apply a simple
BET equation with n=oo(. 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®. 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® 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.

Dubinin®: 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”.



EXPERIMENTAL RESULTS

The sorption was determined by the classical McBein-Bakr method. A quartz
spiral with sensitivity 5 x 10-7 ¢ 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~? mm Hg. The system was thermostated in a cryo-
stat to +0.1°C.

Powdered molecular sieves (sorbent), product of BDH, were prepared by hea-
ting at 400°C, in a vacuum of ~ 10~% mm Hg for 10-12 hours. The sorbates were deionized
water of 14 MQ/cm, CH;OH, CH,CH,OH and CH,I, products of BDH, several times
purified by manifold fractional distillation; CH, 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 H,0, CH,OH, CH,I, C,H;OH and CH, on zeolite

5 A. All isotherms were obtained at 23°C except that for methane which was obtained
at —150°C.

15

1o

Figure 1.
Isotherms: 1 — H,O at 23°C; 2 — CH;OH at 23°C; 3 — C,H;OH at 23°C; 4 — CH,I
at 23°C; 5 — CH,, 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 H,0, CH;OH and C,H,OH sorption in the corresponding pressure
range.



Figure 2.
Sorption isotherm for
methane at —150°C in
BET coordinates.

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 § A in BET and Langmuir coor-
dinates.
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Figure 5.

Sorption isotherm for ethyl alcohol on zeolite Linde SA in BET and Langmuir coor-
dinates.
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Figure 6 shows isotherms for CH,I sorption on three different zeolites: 5 A, 10x
and 13x, in BET coordinates.

L)
vu-'i/,i ) 10t

1 1 1 1 |
0 5 o 15 20 25 30

Figure 6.
Sorption isotherm for methyl iodide in BET coordinates. e — zeolite SA; o — zeolite
10 x; A — zeolite 13x.

‘ DISCUSSION OF RESULTS

These results and some earlier investigations® 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 editor)
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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: CH;<H20<CH3OH<C:HsOH<
< CHjsl.

Figure 6 also gives a BET isotherm for two other zeolites which differ
from zeolite 5A 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=Sy/Sn, 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 p and the molecular area o, determined according to the
packing density in the liquid state, then in general the product of these thres
magnitudes should be constant:

{f-o-y. const. (for n#0)
T =

f-o const. (for n=0) M

TABLE 1
Characteristic Values Calculated from BET and Langmuir Isotherms
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In the cases where p=0, the only effect is that of the packing factor, o, so
instead of the above relation, it must be that f - o=const.

Instead of f 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).

A_deviation from the straight line in y

= =tan
deviation from the straight line in x Xwem)
Then, by analogy:
A-p
— (for p.£0)
Ty = A° (2)
— (for .=0)
g

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 w1, which results from
the 209, accuracy of “f” determined according to BET. The agreement
is better if the deviation A, which does not include the factor “f”, is taken
as the criterion for the deviation of the theory.

As we have shown that m; 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 w; 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 11
Influence of Molecular Parameters on the BET Theory
c % error % error
Substance Degye Al f n,  for my 10 for
7, =20.5 73=9.3
CH, 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,0H 1.71 18.1 0.81 24.8 21.0 8.7 5.9
C,H,OH 1.68 23.1 0.54 20.9 5.0 9.4 1.1

N, 0 162 1 162 215 — —
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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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INVESTIGATION OF THREE-COMPONENT ZINC-COPPER-
-CHROMIUM CATALYSTS FOR METHANOL SYNTHESIS. I.
INVESTIGATION OF SOME CHARACTERISTICS OF BINARY
MIXTURES

by

PAULA S. PUTANOV, BOJANA D. ALEKSIC 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 oxxdes
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-CrzO3-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(?. 17, 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 U7,

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?. 13,
This problem is important because during catalyst production different bi-

13
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nary systems of zinc and chromium oxides dnd 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 chromium 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®: 17,19, 21) or data for thermal
processes in inert atmospheres(® 10, 12, 16, 20-22) jn 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'- 19 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 pressurc'¥. 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®: 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.



15

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 309% 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 259, solution of copper, zinc and chromium
nitrate using a 159, 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 110°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 Nonreduced Binary Systems Dried at 110°C

Sample * Calculated catalyst Weight ratio Cr/Zn or Cr/Cu
No. composition calculated determined
S-1 Zn0-2Cr0,4°25.7 H,0 1.59 1.40
S-2 Zn0-CrO,°12.8 H;O 0.79 0.66
S-3 Zn (OH),* 2 Cr(OH),* H,0 1.59 1.60
S-4 Zn (OH)'Cr (OH);s* H;O 0.79 0.65
S-5 CuO-2 Cr0O,+25.7 H,0 1.63 1.70
S-6 CuO-CrO,-12.8 H,O 0.81 0.78
S-7 CuO (OH),;*Cr (OH),-H,O 1.63 1.53
S-8 CuO (OH),: Cr (OH),;* H,O 0.81 0.82

Textural properties

The real density was measured by the pycnometric method. Specific surface was
determined by nitrogen adsorption at the temperature of liquid nitrogen by the BET
method. Results for nonreduced mixtures are shown in Table IT. 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 1. This difference is more pronounced in precipitated
samples.

TABLE II
Density and Specific. Surface of Binary Systems

Real Specific Real Specific

Sar:"nple density surface Sahr{lople density surface
o glem? mg " glem? mig
S-1 3.01 1 S-S 2.9 3.12
S-2 3.26 7.25 S-6 6.2 3.50
S-3 2.58 85.5 S-7 65 2.66

S-4 2.74 150.0 S-8 187 2.68
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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 49°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.
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Fig. 1.
Thermogravimetric curves for an impregnated and a precipitated sample with the atomic
ratio Zn/Cr=0.5.
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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.

o} Al
S-1 impr.
DTA 10 20 30— t0g 500 700§ 900
0 / \/VV‘ te
. * at
S-3 prec.
DlA 100 200 300 400 500 600 700
| \/\/\j\/ l/ h

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 CrO; at 185—190°C was
not identified, becausz 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 CrOs31?, or to conversion of Cr (OH)s into Crz0s.
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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=1 and 0.5.
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-
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§-6 (Cu/Cr=03)

Fig. 3.

Differential thermograms for impregnated samples with the atomic ratio Cu/Cr=0.5
and 1.

Comparison of binary mixtures of chromium with zinc and copper
shows that analogous processes take place. They are only more differentiated
in systams 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
/‘ jwnd 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-precipitation 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.
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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.

-log6
1
A S-1 (Zn/Craop
2 O $-2(Zn/Crs 1)
]
]
)
)
7
yrg’
12 4 16 ‘18 20 2.2 24 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.
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Comparison of results obtained by thermal an;lysxs 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 zinc 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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INVESTIGATION OF THREE-COMPONENT ZINC-COPPER-
-CHROMIUM CATALYSTS FOR METHANOL SYNTHESIS. II.
INVESTIGATION OF TERNARY SYSTEMS WITH A STOI-
CHIOMETRIC ZINC/CHROMIUM RATIO REQUIRED FOR
CHROMITE FORMATION

by

PAULA S. PUTANOV, ANA TERLECKI-BARICEVIC and BOJANA
D. ALEKSIC

Our previous investigations®) 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.

Continuing 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(®,

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 1.

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 1
Synthesis Procedures of Zinc-Copper-Chromium Catalysts

Sample Procedure Sample Procedure
No. (oxide impregnation) No. (hydroxide precipitation)
M-1 (Zn0 +Cu0) +CrO,4 aq M-5  [Zn(OH),;+ Cu(OH),] + Cr(OH),
M-2 (ZnO +CrO, aq) + CuO M-6  [Zn(OH), + Cr(OH),] + Cu(OH),
M-3 (CuO + CrO, aq) +ZnO M-7  [Cu(OH), +Cr(OH),] + Zn(OH),
M-4 (Zn0 + CrO, + Cu0) + H,0 M-8  (Zn(OH),+Cr(OH);+Cu(OH),]

The chemical composition of the samples dried at 110°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 11
Real Density and Specific Surface of Zinc-Copper-Chromium Catalysts
Real Specific Real Specific
Sa;ﬂ_n g le density surface Sa;ln‘!)le density surface
) glem® m¥/g ) glem® m*lg
M-1 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 g/cm3. 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 CrOs. 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/cm8, 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 m2/g. 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
100 m2/g. 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 not 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(?. 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(.2.6.9,12,15,16,12) A few papers give
results from the thermal analysis of a mixture of chromium and copper
oxides®. 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 at tem-
peratures about 100°C lower than do precipitated catalysts.

loa9 ™g

>

49 mg

100 200 300 40C 500 600 700
0 tc

M=§ prec.

Fig. 1.
Thermogravimetric Analysis of an Impregnated and a Precipitated Sample.

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 simulataneously, so these two effects, in standard thermal analysis,
cannot be distinguished. .

WO 200 300 400 00 60

TC

M=-1 impr,

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. 110°C) and 180°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®. 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.

o lat

M-2 impr.
0 800 T°C

M -6 prec.
DTA _ 00 200 300 AN~ 700 800 r°c

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
system3). 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. Rohlander¥) 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-Al;Og in an
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inert and a reducing atmosphere and during the reacticn of methanol syn-
thesis, has been investigated by Kotowsky®!). 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 paperd3®,

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.

-0g¥

Q % [3 8 20 2 24 yro?

Fig. 4.
Electncal Conductivity as a Function of Temperature durmg 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.

© M=3 impr.
8 M4 impr.
4 M-7 prec.

~log 6

u N 16 8 20 22 % 1o’

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.
Comparison 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.
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SUMMARY
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-componcnt 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 1. NIKOLIC, KSENIJA R. VELASEVIC,
and ANDELIJA B. PUKANOVIC

Borsbach!) synthesized a number of compounds of heterocyclic bases
with different metals, including a compound of quinoline with cadmium
chloride. Gode er al.?: 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®: ® 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 hypothcsis 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? established that this is a complex
type compound, with a o-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~! quinoline has 3 characteristic bands®.
On protonization of the nitrogen atom these bands show a hypsochrome
shift (15—35 om~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—! (ammo-
nium band) and 3 absorption bands of medium intensity (imonium bands)®,
with maximums at 2030, 1960 and 1930 on~—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 em1, and for the compounds with manganous chloride at 1950, 1920
and 1890 cm~1. When these compounds with metallic chlorides also contain
HCI, 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 com-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®, 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~!. 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 shifis were also
observed for the compound of dimethylquinoline 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® 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

11

MO O “"'[‘“(z—‘i; 2]

G( %1 ) -G ( %. ) ordinates for wave numbers —l: or —)‘];

From the experimental results the characteristic constants « 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 1
Constants
Maxima of
Compound Mol. ratio Exc* fluor. spec. o log G,
(nm)
4-Methylquinoline + CdCl, 1:1 350 440 0.00317  1.995
6-Methylquinoline + CdCl, 1:1 320 420 0.00287 2
7-Methylquinoline + CdCl, 1:1 360 430 0.00206 2
2, 3-Dimethylquinoline+CdCl, 1:1 320 430 0.00225  1.996
2, 4-Dimethylquinoline+ CdCi; 1:1 335 405 0.00316 2
2, 5-Dimethylquinoline+CdCl; 1:1 355 450 0.00293 1.984
2, 6-Dimethylquinoline+ CdCI, 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
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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 wirth alkaline permanganate converted approximately 709, of
the organic material in kerogen into soluble acidic products (1). The major
components consisted of saturated, unbranched aliphatic (Cs to Cg7), satu-
rated dibasic (C4 to Cy7), and isoprenoid acids (Cp, Ci2, C14—Ca7, Cr9— Cz2).
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 identfication of Cjo to Css acids,
which amounted to approximately 19, 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 g 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 (Cs to Ca4), dicarboxylic
(C4 and Cs), and keto acids (Cg and C3), as well as phenols (Ci3 to Cy5) 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 559,

Beograd, Yugoslavia,
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unbranched (Cs to Cis), dicarboxylic (Cp to Cy7), and keto acids (C4 to Cy),
and phenyl dicarboxylic acids (Cs to Ci2). 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 HaO, 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 the kerogen structure.

EXPERIMENTAL

A sample of kerogen concentrate (0.8386 g, 23.89%, inorganic material),
the same sample used in the oxidative experiment (1), was refluxed for 24 hr
with 8 g of potassium hydroxide in 120 m! of methanol. The hydrolysis
products were extracted according to the following scheme:

Kerogen concentrate

0.8386 ¢ (0.6390 ¢ organic matter)
|

8 ¢ KOH and

120 mi MeOH

alkaline solution

|
Solid residue
0.8043 ¢ 4
(25.839%, of ash) CH.Cl; extract alkaline solution

- 1 |
FRACTION 1 acidified
(0.0120 ) (pH 2)
neutrals

CH.Cl, acid solution
extract |

i
FRACTION 2
(0.0202 g)
acids

Et,O
extract

| |
FRACTION 3 Discard
(0.0143 g)
acids
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The acidic products totaled 5.4% and the neutral products 1.89%,
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'x1/8", 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, magnecic
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. 1, the following homologous series were found:
unbranched aliphatic acid esters from Cp to Czs, exhibiting a maximum at
Ci¢ (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 Cg to Cj5 and exhibiting a maximum at Cjp to Cn,
isoprenoid acid methyl esters from Cy4 to Cyy, iso acid esters (mono methyl
branched at the penultimate carbon atom) C;; to Ci6 and two mono-unsatu-
rated fatty acid esters Cig¢ 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 (709, 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 (Ci¢ and C;s) 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.

«—Un

branched
diphatic chain

0
o_I.I_L_L-I._-L—
enoid mono-
g:gguyﬁc acid

- s

Unsaturated
fatty acid
Regions susceptible

to KMnO, axidation or
alkaline "hydrolysis

TSirnilcu' 4’_}

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 (Cp to Css), saturated straight-chain dibasic
acids (Cs to Cis), isoprenoid acids (Ci4 to Cie except Cis), iso acids (mono-
methyl branched at the penultimate carbon atom) (Cp1 to C,4, except Cis),
and two mono-unsaturated fatty acids (Cie and Cis).

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 R values for the esters of ergosterol with fatty acids-9,
although ergosterol has been investigated in different systems, such as on
silica gel@-8, on Al;039-10 and paper(1-16), We determined R: 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('?, 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 ez al.® 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 113°Ca7),

(2) Solvents

For the chromatographic determination of R, 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 m!/ 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 A, 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 om
wide and development time 25—65 min.

After development the plates were hot air dried, sprayed with 109, 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 ¢rgosterol on the silica gel layer was greatest in diethyl
ether (R¢=0.92), much less in benzene (R;=0.10), and very low in tetra-
hydronaphthalene (R¢=0.03). Ergosterol is not at all desorbed from silica
gel when chromatographed with cyclohexane (R¢=0.00) (Table I).

(b) Rt Values of Ergosterol Esters

The R¢’s of ergosterol fatty acid esters (with 2, 4, S, 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 R¢’s 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 Ry value agrecd with the findings .of other authors who
determined Ry values for esters of cholesterolm-n’ B-sitosterol®® and vita-
mins Dz and D3®%,

Benzene and tetrahydronaphthalene and all pairs of solvents (benzene:
: cyclohexane, tetrahydronaphthalene:benzene, tetrahydronaphthalene:cyclo-
hexane, and cyclohexane:diethyl ether mixtures which contain less than
10 mol%, 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 § C-atoms
to the molecule, only mixtures of a certain composition are suitable: benzene:
:cyclohexane mixtures which contain between about 35 and 70 mol%, cyclo-
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hexane, and tetrahydronaphthalene:cyclohexane mixtures which contain
between 100 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 Ry 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®?. It also indicates the complexity of

10 / xu y

o’ 5 -~
0o v Y ‘
2
4 6 8 1 17 o,
Fig. 1.
Ry 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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C3—Cis 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).

16

]
V73

10}

20 ' 30 mol % CyHy %0

Fig. 2.

Dependence of the solubility maximum of ergosterol esters with saturated fatty acids on
the composition of the solvent mixture (CgHq: CgH, ,)

(c) Rm Values for Ergosterol Esters

The calculated Ry values for the investigated esters (Fig. 3), instead
of the expected continuous linear functions of the number of CH: groups
in the fatty acid®®), 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.
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-14

.;a

Fig. 3.
Rm of ergosterol saturated fatty acid esters

I benzene
IT benzene:cyclohexane 70.90:29.10 mol%,
IV benzene:cyclohexane 43.92:56.08 mol 9,
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)®. 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® 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®-12), A theoretical analysis and description of the induction cell
is given by Cruse!®. 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®) 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!¥ it is possible to develop relatively simply new
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measuring cells for a given device. A measuring cell desngned 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)!4. 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 100 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 mum,
which means that practically the whole cross section of the solution parti-
cipates in the conduction®. 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
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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.

|
|
I
J

.

|
|
|
|
|
i
|
o8B o o
|

(IS

®

Fig. 2.
Oscimhometer circuit. 1 — Measuring cell; 2 — Temperature regulation stage; 3 —
Oscillator ; 4 — Metering stage; S — Stabilizer; 6 — Compensation stage; 7 — Thermostat;
8 — Output to recorder or monitor.

TABLE 1
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 109

Power supply ) 110/220 V—50 H=z
Power consumption 20w
Size 280 x 200 x 180 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 m}” input can be connected to the recorder output of the device.
The industrial type oscimhometer also has a connection for the standard

4w
35w
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1 T:
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3 e II I
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¢ [&9 f 7.
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Pl gt ! 1 2348
N HCl or KCl

Fig. 3.

Characteristic curve of the oscimhometer, t=25°C. 1 — Recorded with KCl solution;

2 — Recorded with HCI solution; 3 — Characteristic curve of the oscillotitrator with

KCIl solution; 4 — the same with HCI solution; 5 — Characteristic curve for the oscimho-
meter in the range of concentrated HCI solutions.

1ot

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 4-0.5%,, 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 m!/
cell and with KCl or HCI solutions, exhibit sensitive ranges between solution
concentrations of 2-10~4 and 1-10-3, 3-103 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 rema‘ns below +19%,. 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. HCI
or KCl). 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 (y) of the cali-
brating solution, the cell constant is obtained:

c=X
M

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
NagOeaustic: AlzO0s. 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).
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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)
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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 AlsOs 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).

OO

%00

7000

S 00

g

< 6800

b3

8600

6400

m

uzusz&zsasazazva,auua#l'?

. %
Fig. 5.

Relationship between the molar ratio and the conductivity (i.e. measured value) in the mixing
process, for continuous mixing. The points from A, to A,, 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 Na2Ocaustic and/or Al2Os 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 solution9.

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 lasr
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 m:thod. 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 104, 10-3 and

Melwert, Skt.
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Fig. 6.

Acid-base titration curves recorded with a capacity cell (oscillotitrator), with content of
foreign electrolyte as parameter (KCI). Sensitivity range: 16.
1 — Foreign electrolyte: 0 ml KC1
2 — Foreign electrolyte: 2 ml/ 1 N KCl
3 — Foreign electrolyte: 5ml 1 N KCl
4 — Foreign electrolyte: 10 ml 1 N KCl
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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@) 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 (f.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 —HCI system
(Fig. 7). 15 ml of 1 N HCI were introduced into the measuring cell and diluted
with water to 400 m/, so that the concentration of the solution to be titrated
was 0.037 N HCI. This concentration lies just inside the insensitive range
of the characteristic curve. It can be seen from the characteristic curve |
in Fig. 7 that the oscillations in the vicinity of the equivalence point are high
(W-shaped curve). The addition of KCI 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 KCI—HCI
content (Fig. 8). It can be seen that the plot is practically linear up to a 70-fold
excess of KCI. It can be concluded from Fig. 7 and Fig. 8 that the titration
is not hindered by the addition of KCI, i.e. of an inert electrolyte. Similar
titration curves are obtained with other acids and bases.

The titration of Ca?* ions with oxalic acid is presented as an example
of a precipitation titration (Fig. 9). In this case 25 m/ of a 1 N CaCls solution
was diluted to 400 m! 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 KCl as foreign electrolyte (curves 2,
3 and 4) the evaluation of the titration curves remained equally accurate,
even for tenfold excess of KCI. 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 bauxite
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ml ¥ NaOH

Fig. 7.

Acid-base titrations with the oscimho-
meter (induction measuring cell), with
content of foreign electrolyte as para-
meter (KCI). Equivalence point a 15.05

ml 1 N NaOH.
1 — Foreign electrolyte: 0ml KCl
2— 10 ml 1 N KCl
3— 50 ml 1 N KCl
4 — . 100 ml 1 N KCl
5— 200 mi 1 N KCl
6 — 100 ml 4 N KCl
77— 200 ml 4 N KCl
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sample containing practically no calcium was digested by the standard me-
thod@. ), dissolved and subsequently used as a foreign electrolyte. As
can be seen from the titration curves in Fig. 10, the bauxite compounds
(Al3+, Fedt, Ti4t etc.) do not interfere with the determination, like the addi-
tion of KCl, and the equivalence points can be well evaluated. 3.3 mg/ml
Ca?* was added to the titrations, and 10, 20 or 40 mg/ml bauxite.
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Fig. 8.
Extrapolated equivalence points as a function of the KCI : HCI ratio in the solution

Another example of precipitation titrations is the determination of
fluorine with Th (NOs)z 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®¥. 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. KCI)Y(Fig. 11).
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).

1600+ //é/"—‘r
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Fig. 9.

Oscilometer precipitation titration of Ca?+ jons with oxalic acid solution, with content of
foreign electrolyte as parameter

1 — Addition of 0 ml! KCI solution

2 — 20 ml 1 N KClI solution
3— 50 ml 1 N KCI solution
4 — 50 ml 4 N KClI solution

5— 50 ml 4 N KClI solution + 25 ml ethanol
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The titration of VQOs-ions was also investigated, titrating NH4VOgs
solution with 0.1 N AgNOjs 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 NH4VOs was taken, 118.16 mg
found, and the relative error was therefore 1.25%,.
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Fig. I0.

Precipitation titration of Ca?+ ions with oxalic acid solution, adding a solution obtained
in the digestion of bauxite. Taken: 25 m!/ 0.952 N CaCl, solution.

1 — Foreign electrolyte: 50 ml bauxite solution — 3950 mg bauxite
2— 100 ml bauxite solution — 7900 mg bauxite
3— 200 m! bauxite solution — 15800 mg bauxite
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It can be concluded from the observations made so far, that the oscimho-
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. 11.
Oscimhometer precipitation titration of F-ions with Th (NO,), solution.
A. Titration of NaF solutions (distillates). 1 — titration of 46.0 mg NaF; 2 — titration

of 46.0 mg NaF | 50 m/ 4 N KCI as foreign electrolyte; 3 — titration of 46.0 mg NaF +
+75ml 4 N KCI.

B. Trials with industrial solutions, with addition of KC] as foreign electrolyte. 1 — 10 ml

NaF solution, without addition; 2 — 10 m! NaF solution +75 ml 4 N KCI solution;

3 — 10 ml NaF solution + 100 ml 4 N KCI solution; 4 — 25 ml kryolith solution, without
addition; 5§ — 25 m! kryolith solution+ 100 m/ 4 N KCl solution.
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TABLE 11
Investigation of the Determination of Fluorine Content
Fluorine Error
Substance investigated found by
" oe Investig “:nke“ oscillometry mg % rel.
g F, mg
NaF standard solution 20.80 20.90 +0.10 0.5
NaF standard solution
+50 ml 4 N KCI 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 4 N KCl 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 KCl soln. 50.19 50.35 +0.16 0.3
500
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Fig. 12.

Oscimhometer precipitation titration of NH VO; with AgNO; solution. 1 — 119.7 mg
NH_VO,, titrated without addition of foreign electrolyte; 2 — 119.7 mg NH,VO;+ 50 ml

4 N KCl solution as foreign electrolyte.
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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 titraticns as further
possibilities of application. An advantage of the oscimhomcter 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 KCI.
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INFLUENCE OF CALCIUM CARBONATE ON THE THERMAL
DECOMPOSITION OF STRONTIUM CARBONATE
IN A FLOW-THROUGH SYSTEM

by

CEDOMIR B. PETROVIC, DRAGAN P. DORDEVIC,
and ALEKSANDAR H. STEFANOVIC

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, CaCO, p.a., 75—90 . fraction, and SrCO, p.a., 75—90
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+40.005 g and pressed into 15 mm diameter cylindrical tablets under
250 kp/cm? 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 4t/h. Decomposition temperatures were 650, 800, 950 and 1100°C, and
decomposition times 5, 15, 30, 45, 60 and 90 min. 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 SrCOjs in isochoric-isothermal and
isobaric-istothermal equilibrium®.3.4.%. In both cases the equilibrium
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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 CO; from the equilibrium system
induces further decomposition of carbonate, while the CO; pressure changcs
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 CO; 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 time with temperature as a parameter. It may be seen that the tempera-
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Fig. 1.
Dependence of the thermal decomposition of calcium carbonate on temperature and time

ture substantially influences the course of the process. At 800°C approxi-
mately 989, calcium carbonate is decomposed after 90 min, at 950°C 999, after
15 min, and at 1100°C 999, after only 5 min.
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Figure 2 shows that in case of strontium carbonate, under the same
decompositicn conditions, only insignificant decompos’tion occurs at 650
and 800°C after 90 mun, 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®

CO3— 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 CO; gets absorbed
by the fresh and reactive calcium oxide surface to form the complex CaO -COs.

o (%)
100 o 'y —y
1100°
w.
&
40
950°
m.
/ m‘ mo
0 5 s 20 45 60 20
7 (min)

Fig. 2.
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?.

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®. 9. It was found that
SiOz and MgO have practically no effect on temperature of its decomposi-
tion. On the other hand, ZnO, CdO, Al:Os, MoOs, B:0Os, Na:B4O- 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(®,

To investigate this influence, if any, we decomposed mixtures of CaCOs
and SrCOsg 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
(CaCO3—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 CaCQOj3: SrCOj3 ratio 1:4 complete decomposition was achieved
at 1100°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
98Y%, as may be seen from Fig. 4.

Figure 3 also shows that at 950°C only the 1:1 mixture showed any
considerable decomposition (about 909%;), 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 CaCO3 and SrCOs decompose in the mixture independently
of one another. It may be seen that the degree of decomposition obtained
experimentally greatly differs from the calculated values for all three mixtures,

<4
00 -0 Q- - -a 1100
250°C
CalOy:5rC08 =71/
800°c
g 650°C
h —»
T (min)

Fig. 4.
Dependence of the thermal decomposition of a CaCO;—SrCO; mixture of weight ratio
1:1 on temperature and time

for all the three times of decomposition, and for all temperatures except
1100°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—
—1100°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 1540.1 »om.
weight 140,005 g — were obtained by pressing mixtures of both carbonate
powders, fraction 75—90 microns at 250 kp/cm® in weight ratios of
. CaCOs:SrCO3=1:8, 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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Belgrade
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CATALYTIC DEPOSITION OF NICKEL-PHOSPHORUS ALLOYS
BY CHEMICAL REDUCTION ON p-TYPE SILICON SINGLE
CRYSTAL

by

DRAGAN P. DORPEVIC, CEDOMIR B. PETROVIC,
and VERICA 2. ALIMPIC

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-10, while in this country, to our knowledge, there have
been no reports except for a few surveys(l. 12, 13),

Breteau? in 1911 and Roux®® 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®8. 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 catalyticully
inactive substance. It was required that the plating be of uniform thickness
of over 5 pu, adhering firmly to the substrate in order to enable mechanically
reliable bonding betwecn the silicon and metal conductors. Bonds of this
type cannot be achieved with upcoated 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 0/cm?2.

I EXPERIMENTAL

For the chemical plating of p-type silicon single crystal with a nickel-phosphorus
alloy, the following bath composition was used:

NiSO,7H,0 p.a. 35¢g/lit
NaH,PO,*H,O p.a. 10 g/kit
Na,C,H;0,:2H,0 p.a. 65 g/lit
NH,CI p.a. 50 g/lit

The above composition differs from that for nickel plating of silicon reported in the lite-
rature(® ", in the nickel salt used. Instead of NiCl,: 6H,0 we used NiSO,-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 dm?®/lLic. 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 ¢ NH,F, 1.8 m/ HF (50%), and 12 m/
distilled water; etching time 10 sec

(d) Rinsing with distilled water
(e) Brief submersion of specimens (3—S5 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.

IT 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 ccnstant (60 nzn).

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—60°C is accompanied by a change in the relative thickness
of approximately 149, whereas at 90—99.5°C the same increment corres-
ponds to about a 259 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(. 2), according to Eq. (1):

(H2POg)-+ OH-— (HPO3)~+H (1)

At the same time the nickel cations are reduced to metallic nickel by hypo-
phosphite anions, yielding an H ion® 2, accord’ng to Eq. (2):

Ni2*+ (HzPOg)~+H20—>Ni+2H*+H (HPOg)- @
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100 }
8ot
0  NiSO;7H,0 =35[g /1]
6 NaHP0,H;0 = 100g /1]
L0} Nﬂ,c‘Hso’ 2H20 =65 [g/l]
NH,Cl = 500g/1]
20f S/V = 5[dm2/1]
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temperature [°C]

Fig. 1.
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.

PLATING THICKNESS, [u]

Ni SO;+7H,0 =35[g/l]
NaH,P0,°H,0 = 10(g/1]
NayCgHs 0,°2H,0 =65[g /1]
NH,Cl =50[g/l]
S/V = 5[dm2/1]
° t =99.4[°C)

l‘! . N " i 4

0 10 20 30 40 50 60 70
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 offas 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 p plating was deposited, and
during later intervals the increment continuously diminished, viz. 3.9, 3.7
and 3.2 u, respectively (broken line in Fig. 3).

16 | /
/
L a //
L/
12 / b
Z
//

sl Y 4 NiS04+ 7 H,0 -.5[g/l]
NaH,P0,-H0 =10 [g/!]
- NayCyHs05°2 HaO =65[9/L ]

NH,Cl =50[g/!]
S/v = 5[dm¥i]
t =994 [C]

i i 1 1

0 20 40 60 80
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;PO,) — > (PO3)~ ©)
cat.

and orthophosphorous acid is formed:
(PO2)-+H20—>H (HPOs)~ 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 dm? 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 dm?/ht 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 dm?/lit it was approximately 3.7 times less than at 0.6 dm?/lit.

PLATING THICKNESS [y)

Ni SO, 7H,0 = 35 [g /1]
125l NaHaP0z°H,0 =10[g/l]
100r NH,Cl =50[g/1]
PH = 10.0
7-5F
t =994([°C]
sof T=60[min]
2.5
o061
1.4 i " A " i 1 & e A
0 1 2 3 4 5 6 7 8 9 10
RATIO S|V [dm?/lif]
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
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.
Brenner1® and Brenner et al.(19 established that nickel-phosphorus alloys
containing more than 89, 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 om? 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—39,.

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 100), 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-
lingD, The silicon specimen with nickel-phosphorus plating as the cathode
was submerged in a 59, 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 y, tensile strength
42 kp/mm?, 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 0/cm? 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 platings 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: VIIVTCTBA AYTOPHMMA
TJIACHMK XEMMICKOT JPYIITBA BEOIPAJ

objaBbyje opuzunaane nayune padose, 6eaewxe, NPETTOONA CAONWITEIA
M peyensuje xwuza

OpUUREANYU RAYNHU DPadOBU CAAPIKE Pe3yJTaTe OPMIMHAJIHMX MCTPaXU-
Bama Koju HMCY oGjaBibeHM, a Tpeb6a na 6yay HamMcaHM TaKO Za Ceé HaBEACHM
CKCIIEPMMEHT) MOTY PEenpOAyYKOBaTHM. PafoBM ce laJby Ha peIeH3Mjy, a IIpux-
paTame paja obaBe3yje ayrope Aa mcre pe3dyarare Hehe o6jaBuTHM Ha APYyroM
MecCTy.

Beaewxe caapixe pe3dyiraTe Kpahux, anM AOBPILUIEHMX MCTPaXKMBamba MIN
NpPHKa3yjy CONCTBEHa OPMI'MHAJIHA MCKYCTBa M3 JabopaTopujcKe mpakce (MeTo-
JMKe, anaparype u camyHo). O6uMm Geseluke He Tpe6a aa npebe 500 peun.

ITperxodna caonwrerwa TpebGa Aa cajgp:ke OPUrMHaJIHE HayudHe MHOpMa-
uuje uyMju KapakKTep 3axTeBa 6p30 ofGjaBibuBame M He Tpeba Aa 6yRy AyXa
ox 1000 peun.

CBN DajoOBN MOPAjy CAADIEATM N3BECTAH INO3NTHBAH DE3YJITAT N Npex-
CTABJLATN HAYYHY HOBOCT.

Ommnre BAnOMEHE

Pag moxe 6uTHM nmMcaH Ha CPIICKOXPBAaTCKOM WMJIM HEKOM of ciaeaehmx
CTPaHMX je3MKa: EHTrJIeCKOM, (PPaHLYCKOM, HEMAadKOM MM PYCKOM. AYTODUMG
ce npenopyuyje 0a nmoOHOCe Padose nucaxne HA CTPAHOM je3uxy, ¢ o63mpoM Aa
ce TaKBM DanoBM y LeiuHM 0GjaBibyjy u y 360opHmky Collectanea Chemica
Yugoslavica, RoK ce pagoBM Ha HallleM je3MKY NPUKa3yjy Yy OBOM 3GOPDHUKY
CaMO M3BOAOM Ha CTPAHOM je3MKY.

Papx Roju ayropu noaHecy peparumju Tpeba na je HammcaH y Hajkpahem
moryhem 06auky, a fa npu Tome 6yae jacaH. ¥ yBogHOM jeay TpeGa xaTu camo
HajHYKHMjU TIperjien paHMjuX MCTpaXXuBamka M o6GjacHMTM CBpXY paja.
OnwupHu Nnpuxas nperxrooNuxr padosa Ha OCHOBY auTeparype Hehe ce nmpmx-
BaTa™. Hapounty naxmwy Tpeb6a NOCBETMTM NpPEeLM3HOM M jaCHOM M3HOLUEHY
CKCMEePUMEHTAJIHUX mnoxaTtarka. Ilo3HaTe MeTOAMKE M TexHuRe TpebGa O3HaYWTH
MMEHOM M JIMTEPATYPHUM LIMTATOM.

CBaKM paj MOpa MMaTM KpaTaK M3BOJ Ha je3auKy Ha KoOjeM je myucaH; ako
je pax nucaH Ha HallleM je3MKy MOpa MMaTH jolU M M3BOJ Ha jeMHOM OX paHMje
HaBeJIeHMX CTPaHMX je3MKa, a aKO je IMMcaH Ha CTPAHOM je3MKy Mopa MMaTu
jomr m u3BoA Ha HaumeM je3uky. Mi3sox TpebGa fa caapixy CBpXY pazna, 3HadajHe
noxaTke M 3aKJbyudKe; He TpeGa ma camgpxky Buiue ox 150 peum.

PagoBn Koje je Pepakumja nmpuxBaTHJa LITaMnajy ce no peay npujema,
YKOJIMKO HBbMXOBO 00jaBibyuBai-e He Gyne 3aApikaHO McrnpaBKama. Ayropu no6u-
jajy GecnaaTHo 40 noce6HMX oTMCaKa cBora paja.

Padosu X0ju MO TerHuwxoj onpeMu % HAYURY U34G2A1A He 00208apajy
cTuay padosa xoju ce objaswyjy y laacnuxy, 6uhke spahenu ayropy Ha mpe-
pady. Crora ce ayropuMma cKpehe maxma Ja ce nNpM nucamy pPajgoBa IPUADP-
xaBajy caemeher ynyrcrBa:

Onpema pyxonmca

Pykomuc Mopa 61Ty foctaBibeH Penakimju y Tpu npusepxa, nucaHa Maluy-
HOM Ca YMCTMM CJIOBMMa, ca ABOCTPYKMM IpOpenoM, Ha jeAHOj CTpaHy manmpa
dopMaTa A, 1 ca MapruHom of 3 cm ca cBake cTpaHe. IIpu Kynamwy He Tpeba
KOPHMCTMTH KOCe LpTe Kao 3arpaje. OpuruHaa pykomnuca Tpeba aa cagpku cBe
cauke, aujarpamMe M Tabamue, Koje Tpeba NMPUIOKUTH Ha NOCeOHMM NMCTOBUMMA
Ha Kpajy PyKommca, a y TeKCTy Tpeba O3HAaUMTM CaMO HMUXOBO NPUGIMIKHO



MecTo. Pe3yaTaru ce MOry NMpMKa3aTU UAU CJAMKOM uau TabGaunoM. Mctu pesyn-
TaT He MOXe ce NMpMKa3uBaTy Ha ob6a HauuHa. He npuxBara ce penpoapyKoBame
cauMka u Tabauuna u3 APyrMx pajgosa. CrpaHe pykomuca TpeGa HyMepucaTH.
Hapouuty Haxmwy Tpeba NOCBeTMTM HOMEHKJAaTYPHM M TEPDMMHOJIOTHjH, KOje
Tpeba sa 6yay y CKiaay ca mpenopyKama VHTepHalLMOHalHe YHMje 3a 4MCTY
U npuMemeHy Xemmujy. Ckpahenmue m cumGose tpebGa obGjacHuTH npuM npsoOj
ynorpebu y Tekcry. Cnekrpu (IR, UV, NMR), xpomaTrorpaMu u CJ. Hehe ce
oGjaBpMBaTH, YKOJMKO MM je jeAuHa CBpXa AONYHCKO KapaKTepucame jeam-
wema. ¥ HacloBy paja Tpeba pa 6yay ucnucaHa MMEHa M CpeAme CJIOBO
ayTopa, a HacJIOB aKo je MKaKo Moryhe He TpeGa Aa caapxku cumboje u ¢op-
myJae.

ITocne CPNCKOXPBAaTCKOr TEKCTA CTaBJba Ceé NYH HA3MB MHCTUTYIMje Y
Kojoj je pax ypabeH, Ha CPIICKOXPBaTCKOM, a ITIOCJIe CTPaHOT TEKCTa, Ha OAro-
BapajyheM cTpaHOM je3uKy.

HM3Boa Ha CcTPaHOM je3uKy Mopa Aa ¥MMa NpeBejieH HacjIoOB paja M IyHa
JMEHa ayTopa, M Ha Kpajy Ha3MB MHCTUTyLMj€; MCTO BaXM M 3a M3BOJ Ha
HalleM je3uKy, KOju CTOjM y3 paj NMCaH Ha CTPAHOM je3UKY.

llenoxkynaH TeKcT y Tabauyama M aezendama y3 ciuKe TpeGa cem Ha
CPIICKOXPBAaTCKOM j€3MKY AaTU Yy NOTOYHOCTM M Ha OHOM CTPAHOM je3uKy Ha
KoMe je mar u3Box. TaGauie obaBe3Ho Tpeba ja MMajy HacJoOB, a HyMepMIIy
ce puMmckuM OpojeBiMa. Camke ce HyMmepuiny apanckuMm 6pojeBuma. Ilpuxasu-
Balbe MCTMX pe3yarara M TabamuaMma ¥ gujarpaMuMa y Hadveny Huje R03BO-
JbEHO.

Ipreau u cauxe. llprexmn mopajy 6uT namssuMBO M3pabheHM OJIOBKOM Ha
6esoj MM MUIMMeTapcKoj xaptuju u Tpeba na GyAay oko dsa myra sehw ofn
Kauwea koju Tpeba Aa ce m3paau. dororpacduje Tpeba m3beraBaTH, a YKOJIMKO
Ccy HeonxojHe, MOpajy 6uTH Ha 3aA0BoJbaBajyheM TeXHMYKOM HMBOY 3a M3pDany
KJmiuea.

Jlutepatypru yuraru Tpeba jaa Gyay npuiaoikeHmu noceGHO M HyMepHCAHM
OHMM peAoM KOjuM ce mnojaBibyjy y Tekcrty. Hymepmcamwe y Tercry TpebGa
BPLUMTH Y MCTOM PeAy ca TEKCTOM apalncKuMM uucpaMa HOpMaJHe BeJUMYMHE Y
OKpyramuM 3arpajama. CkpaheHule 3a yaconuce Tpeba y3umarn npema Chemical
Abstract, 55, 15-397j (1961). Hapounty naxmy Tpeba IOCBeTMTHM MHTEPIYHK-
uuju. PagoBu ce umTHpajy Ha caegehu HaumH: Newton, M. Boer, F. and
Lipscomb, W., J. Amer. Chem. Soc., 88, 2353 (1966). Kmure ce purtupajy Ha
cnepehn naumH: Rutgers, A. J., Physical Chemistry, Interscience Publ.,, New
York, 1954, ctp. 76—81.

3a paxoBe nucaHe Ha CPIICKOXPBATCKOM je3MKY DYCKY Jaurepatypy Tpeba
HaBOAWUTH Y U3BOPHOM OOJIMKY, @ aKO je TEeKCT NMCAH Ha HEKOM 3anafiioM je3MKy
auTepaTypHe HaBoge Tpeba TpaHcKpu6oBatu (xk-zh; x-kh; n-ts; uy-ch; m-sh;
wm-shch; bI-y; 10-yu; A-ya; 93-e; #-i).

ITomwrro ce I'macHMK NMPEeBOAM HAa EHIJIECKM M M3jaje y m3pamy National
Science Fundation, USA, aureparypy 3a Tpehu npumepax pykomnuca obasezmo
Tpeba npunpeMuTy npema noce6umMM ynyrcrsuma NSF:

a) Hajnpe ce craBjba ayTOpOBO Npe3yMe, Na MHULMjaAM MMEHa;

6) aKo je ped O KH:M3M Jlaje ce NMyH HaCJOB Kibure, MecTo objaBibuBama,
uMe M3aaBaya, roguMHa o6GjaBibMBama M CTpaHa, cBe 6e3 ukaxsux cxpahusara;

B) aKO je pe4 o uJaHKy, AaTM MYH Ha3MB 4WIAHKa M OyH HA3MB 4acommca
Yy KoMe je unaHak o6jaBibeH, 6e3 cxpahusara. HaBeCcTM MeCTO M3jaBama 4aco-
nuca, Kibury m 6poj nybamkauuje, nmyHy narmHanmjy 4jraHKa M patym objas-
JbUBaKLa;

r) aKo je To roBOp Ha KOHrpecy, AaTM HacCJIOB rOBOpa M MMe€ KOHrpeca.
AKO cy KOHrpecHM rosopu oGjaBibeHM, AaTH JaTyM M MecTO 00jaBibMBama M
Me M3aaBaua;

) aKo je ped O 3aKOHY, 3BaHMYHOM M3BEIUTAjy M CJ. HABECTHM NYHO MMe
M MecTo nmyOamkaupije.

WU3zBsoam panosa, cao6paxenu ycnosima Chemical Abstract-a mrrammajy ce
Ha moceGHuM xapTuuama y npuiory I'macHuka. Crora ce ymospbaBajy ayropu Aa
Y3 pag AocTaBe U JIUCTY BaXKHHMjMX MOjMOBA KOj¥ KapaKTepuIly AONPHHOC paaa
Te 3acayxXyjy Aa no wuma paj Oyae cBpcran y Chemical Abstract Subject
Index-y, Hnp.: Karanu3a, eH3MMCKe peaKluMje, XeMHH, MHAOJ, XEMOrjioGuH,
oKcuaamja.
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TRACES OF SUPERPARAMAGNETISM OF ZEOLITE 5A
by

DUSAN VUCELIC, MILENKO 3USIC, SLOBODAN ZEGARAC,
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® 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®4.5
by the global formula

Caa.5 Nag [(AlO2)12 (SiO2)12] Xn,0

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 11.4 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 O™?’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/Az2. In small cages one Na* ion compensates the surplus of
negative charge and is exchanged only with great difficulty.

METHOD

Linde SA zeolite (Carbon Air Company) was freshly prepared before
each run by drying in vacuo, ~ 1075 mmHpg, 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 Kidri¢
Institute at Vinca and the “Home Made” spectrometer of the JoZef Stefan
Nuclear Research Institute in Ljubljana.
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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®,
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: 0.1029 Fe,
10739, Cu, 10 749, Ag, and 10 ~4%, 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

924312005
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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 IT
maintained a similar asymmetric structurc in its lower part. The ratio of
spin concentrations fitting these signals is 1:12.8. 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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Fig. 2
EPR spectrum of zeolite 5A with Ca-ions substituted by Fe-ions
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Fig. 3
Fine structure of Fe-zeolitc



In addition to these characteristics we investiagted the influence of tem-
perature (from —50 to 530 °C) and the sorption of H:O, CHsOH, and CH,
molecules on the EPR spectra. Beginning at 500 °C the structure of the spec-
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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,

2. 10° C6SE
9
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0 1 2 3 4 5 § 1,0
H
Fig. 5
Magnetic susceptibility of zeolite SA 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 y=+2.0x107% 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®: 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 Na+* 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 FezOs,
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 Fe3Os, 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(),
who examined ferrites on Y-zeolites and obtained a ferromagnetic signal
1600 Gauss wide at g=2.4-1-0.1 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 Fe+*? 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) (Fet 1000 ppm in MgO g—4.15, Fe* 1000 ppm in
NaF g—4.344). Hence way band I might be ascribed to the Fet*-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 Fet2:
(1S22522P3S23Pe3ds)

3d% 4{1144 has four unpaired electrons and a theoretical spin moment of
4.9 Bohr magnetons.

For Fet:
(1S22522P83S23P83d84S1)

3d, 4S |{441111 has five unpaired electrons, or, theoretically 5.92 Bohr
magnetons. Accordingly, Fet would have the same paramagnetic properties
as Fet3,
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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 Fe3Oa,
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. VESELINOVIC

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 4 g polarograph.
All potentials were measured against saturated calomel electrode (SCE). The dropping
mercury electrode (DME) used had an m value of 2.39 mg/sec, and a drop time of 3.79 sec,
being measured in an air-free solution. The pH of the polarographic solutions was adjusted
with H,SO, 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 hydrogquinone (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 Ei,
(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 (—0.18 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,
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Fig. 1
Influence of hydroquionone concentration on the polarographic waves of uranium in

solutions: 1-10-*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
E,, 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 E;,=—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 I/I ratio (near 1).

The snfluence 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 Eys, Eija, la and 1a
UO, (NOg)e—1 - 10-3 moljl, NaCl—1+ 10-* mol/l, pH=4.5

Conc. of Ein -Ein Ia Is la=Ta+Ls| 1p,
HQ mmol|l | 4 |4 mm mm mm
1 0.190 1.045 64.0 87.0 151 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 ~1.11
200 one wave Eys =—0.320V 62 —

a. High concentration of hydroquionone. The influence of pH was deter-
mined in a solution of 0.2 M hydroquinone, 1-1073 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 Ey, vs. pH is a straigh line with slope (—Ay,
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. Itcan 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 hydrogquinone. The solutions were as in a, but
the hydroquinone concentration was 64 mM and Triton X-100 — 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 E,2 and la of Uranium in H,Q solution
U0, (NOy)y—1 + 10-2 mol/(l, NaCl— 0.1 moljl, H,Q — 0.2 mol/l,
Triton X-100 — 8+ 10-% %,.

pH —Ellﬁ Id

| 4 mm
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 Ey,2 and la 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+ 102 9,

without H,Q

pH 'I;:jn -El'x;/: Ia Ia

mm mm pH -El} 2 ‘ nI;n
2.92 0.235 — 44.0 — 0.205 46.0
3.32 0.230 1.176 45.0 104.4 3.84 0.955 53.0
3.86 0.230 1.180 45.0 57.5
425 0240 1090 400 400
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

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<S5) 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—=>V) and (V—>IV).
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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.

Id

mm

0
/] 0.001 0.002 0.003
M
Fig. 2
Influence on uranyl ion concentration on the diffusion current in solutions containing
0.2M H,Q, 0.1 M NaCl and pH=3.84.

At high concentrations of hydroquinone (0.2 M) uranium has only
one wave well-defincd in the pH range of 2 to 4.42, with E,=—0.26 V' vs.
SCE. The diffusion current is a linear function of the concentration of
uranium.

Institute of Physical Chemistry, Received 8 June 1970
School of Science, Belgrade University, and

Institute of Chemistry, Technology

and Metallurgy, Belgrade



19

REFERENCES

1. Kolthoff, I. M. and J. J. Lingane. Polarography, vol. II — New York: Interscience,
1952, p. 462.

2. Strubl, R. — Coll. Czech. Chem. Commun. 10: 466, 1938.

3. Milner, G. W. C. Polarography, Chapter 16 — London: Longmans, Green and Co.,
1957.

4. Harris, W. E. — J. Am. Chem. Soc. 69: 446, 1946.
S. Sister White, M. C. and A. J. Bard. — Anal. Chem. 38(1): 61, 1966.

6. Athavale, V. T., R. G. Dhaneshway, and C. S. P. Iyer. — Indian J. Chem. 5(7): 313,
1967.

7. Harris, W. E. and I. M. Kolthoff. — J. Am. Chem. Soc. 67: 1484, 1945.
8. Raghava Rao, R. and P. K. Bhattacharaya. — Curr. Sci. 36(3): 71, 1967.
9. Athavale, V. T. and C. S. P. Iyer. — J. Electroanal. Chem. 16(4): 583, 1968.



Digitized by GOOS[@



GLASNIK HEMIJSKOG DRUSTVA, Vol. 36, No. 9—10, 1971, pp. 353—362

GHDB-161 539.413.43:547.465.3-162
Original Scientific Paper

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!). Hence this method affords great possibilities or
studying the dynamics of whole molecules and of individual atomic groupf
(CHs, NHs, OH, CH2z, 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)@ 3. 9 with the aim
of elucidating intramolecular mobility in this important group of organic
compounds. So far there has been no systematic study of this kind concern-
ing amino acids, apart from certain reports on glycine¥: ¥ and alanine®.
The results for y-aminobutyric acid [NH; (CHz)s 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 [NHs* (CHz)s COO-], as is demonstrated for other amino acids,
particularly by the results of Raman and IR spectroscopy® and X-ray
diffraction®.

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



22

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 8

106

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 wWas 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 formula®

+ o0

1
AHzy = — L
(AH2) 3Jh3{ ]dh )

The secondary moments thus obtained are expressed in gauss2. The details
of this calculation and corrections involved were described earlier®.
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3. TEMPERATURE DEPENDENCE OF AH,, AND (AH™

NMR spectra (!H) of crystalline y-aminobutyric acid resemble the
spectra of similar compounds such as glycine: 9 and e-aminocapronic acid®.
Figure 1 shows the spectrum shape at several different temperatures in the
interval —50 °C to 4200 °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, from12 G.
to about 18 G. The transition is centered at about +15 °C. Athigher tempe-
ratures the line width remains constant at 12 G till the melting point (4203 °C)
is reached, when the second phase transition occurs and the spectrum narrows
down abruptly (Fig. 2, Fig. 1, D).
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) 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 17 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 [NHs*(CHz)3 COO-],
as for other amino acids®: 9, although no data on the crystal structure of this
compound have been reported?®. It is very likely that here too the latticc
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is held together by intermolecular hydrogen bonds N—H... . O, in which
the polar NHs* and COO- groups of adjacent molecules take part.

In our previous study on the proton resonance of compounds of similar
structure it was concluded from the PMR spectra of partially deuterized
compounds of the type NDs* (CHz); COO- that the CH: groups are immo-
bile at room temperature (rotational immobility). A similar conclusion was
also inferred for glycine®®, the first in the series of amino acids. Hence it
follows that the contribution of the CHj groups to the total NMR spectrum
is on the whole constant, the principal change in the spectrum being due
to rotation of the NHs* 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 NHs group is greater than that of three immobile CH: groups.
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—T—o———o _—
o
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A o
-50 0 +50 +100 +150 +200
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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 AH.,,=18 G and
the second moment { AH?) =32.5 G2. Theoretical calculations®® show that
for a rigid NHs 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)®; 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 NHs* 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 NHs*
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 v for the rotation of the NHs* group, from the following formula@:

o 4 p AH,
L 3
3h tani AH; 1 2)
6 | (AH3):

where AHj is the second moment at any temperature during the phase tran-
sition, AH, is the square root of this value (sic), (AHj3); is the second moment
after the phase transition (at higher temperature), and . and h are the proton
magnetic moment and Planck’s constant. The correlation frequencies obtain-
ed lie within the range v¢=2.8 X104 Hz (t=—36.4 °C) to vc=2.4Xx10° Hz
(t=+430.0 °C). This is in agreement with theory(® that when v, 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 NH; GROUP

From the low temperature phase transition, which assigned to a change
in the mobility of the NHs* group, we may calculate activation energy E,
or the potential barrier height V, which hinders free rotation. Here we shall
present two different procedures for calculating of Es and V. In both cases
rotation is understood to be a thermally activated process.

Powles and Gutowsky(!) apply the BPP theory® to solid systems and
derive a relationship between the experimental second moment, the activation
energy E, and the temperature T':

]
In (AHy). tan = _AH:
AH, 6 | (AH)):

AH;, AH; and (AH}) 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 «) the activation
energy was computed by the formula

=103 R tan o ©)

Es 1
]}‘E'?J“C ©

giving Ea=9.6 kcal/mol.
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In the second case the procedure given by Das2) was applied. From the
relation between the correlation frequency and the potential barrier height

Vo
v,=i[—""-]”’e’F @
4n* 21,
Ea = 9.6 Kcalfmol
-1.04
o
o
|
o
In {} )
-3.0 I o
30 L0 50
J_Q3
T
Fig. 4

Plot of In {. ..} =f (10%/T) to calculate activation energy E, for rotation of the NH; group
in y-aminobutyric acid
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In v.=f(108)/T is calculated for the various V, values. From a comparison
with the experimental correlation frequencies calculated by Eq. (3) it is pos-
sible to estimate the corresponding V,®. Taking I,=5.14Xx1074 gcm?
as the effective inertial moment of the NH;s group, we obtained V,=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 E; and V.

6. CORRELATION WITH OTHER AMINO ACIDS

Table I shows our calculations of E4 and V, for taurine and e-amino-
capronic acid@ 9 and the literature data on V, for glycine and f-alanine(1?),

Very good agreement between the two methods may be noted here, as for
y-aminobutyric acid.

* -
0 NH3(CH,), 503
@ NH;(CH,)g €00~
90 4 ° O NH}(CH,) COO0"
3 7.0
£
-~
r
¥ o
o
> \
50 LN
28 2.9
FN-H...0 (A)
Fig. §

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(19.

The calculated potential barrier V, 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 V, increases with shortening of the N—H ... O hydrogen
bond (Fig. 5).

TABLE 1
Energy Barrier Height V, (Activation Energy E,) for Rotation of NH, Group in Different
Amino Acids
Amino acid Formula | E, Vo
kcal|mol kcal{mol
J
Taurine NH,*(CH,)ySO,"- 4.8 5.0
Glycine NH;*(CH,)COO- — 6.1*
3-Alanine NH,*(CH,),CO0- —_ 8.0*
y-Aminobutyric acid NH;*(CH,),COO- 9.6 9.5
e-Aminopicronic acid  NH,*(CH,),COO- 9.0 9.0

* According to Das®®.

k3
&
E

1.0 NH;(CH))g CO0™
Vo 9.0 °
(Kcal/mol) /
[ J
701 /
5.0

Fig. 6

Position of NH} group

Correlation between energy barrier V, and position of the NH; group in the molecule

(from a to €).
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Another interesting correlation is obtained from a comparison between
V, and the position of the NHs* 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 NHs* 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 NHs* 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
PMR spectra evidence two phase transi.ions. 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 NHs* is frozen out. The
phase transition at 4200 °C corresponds to melting of the substance.

The activation energy E,; and potential barrier height V, for the rotation
of an NHs* group in y-aminobutyric acid were calculated in independent
ways, assuming that the process involved is thermally activated, and the values
Ea=9.6 kcal/mol and V,=9 5 kcal/mol were obtained.

The results for some other amino acids are presented and a relation
between V, and the N—H ... O hydrogen bond length and the position of
the NHs* group in the amino acid molecule (from « to €) is given.
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THE INFLUENCE OF A PHENYL GROUP ON CYCLIZATION AND
B-FRAGMENTATION IN THE LEAD TETRAACETATE
REACTION OF PHENYL-SUBSTITUTED PENTANOLS

AND HEXANOLS*

by

MIHAILO LJ. MIHAILOVIC**, RADMILO MATIC, SLOBODAN ORBOVIC,
and ZIVORAD CEKOVIC

When treated with lead tetraacetate in a non-polar solvent (particu-
larly benzene), saturated primary and secondary alcohols (I, Scheme 1),
containing (B-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-%. This reaction (a, Scheme 1) has been systematically inve-
stigated on various acyclic®—9, cyclic®®. 10-13) and steroid alcohols(?. 14-17),
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. B-fragmentation (reaction b) leading to a car-
bonyl fragment (VII) and a carbon radical fragment (VI) [which usually
affords as final products, via pathways &' and b”, an acetate (IX) and/or
an olefin (X)], results from homolytic C,—Cy bond cleavage in the alkoxy
radical (III)“.5 15.16,18,19) this same radical being also responsible for
internal hydrogen transfer followed by ring closure (reaction a) to cyclic
ether (IV and V) «.5.8,10,15,18,19), The other reaction, i.e. oxidation to
the aldehyde or ketone (XI) corresponding to the starting alcohol (I), pro-
ceeds by heterolytic decomposition (¢) 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 (¢’) from the alkoxy radical (III) . 8-10, 13, 19-22)

OH
R OPb (OAc
/LL +  Pb(OA), =——= R H( S L Ao
R .
.
1 0
/ \

*Pb (OAc), *Pb (OAc), Ph OAc), - AcOH
o b s O ¢’ R o
R - R =
+ )k < H ————
é a R’ P R’ «NR
B .
VI VI III XI
oxidation
b a
Pb (OAc), +AcO®
Pb (OAc), + AcOH
R
. ° R ~o
@ R and
H” - C
VIl R R
v v
b’ o .
= cyclization

R R
OAc and N (+AcOH)
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: 5.10,15,16,23) The key-step
in this sequence involves intramolecular homolytic hydrogen abstraction
from a non-activated 3- (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=1 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 ]

Pb (OAc), 'Pb (OAc),
H L-He_
“7 6 . ¢t
] ——» ] —m>» —_— J
© | ©
XII
I:
©Pb (OAc)s Pb (OAcC)s
H
Pb (OAc),+AcO o . H_
a C OH a C o
v O+ V e— I\ J - L J
n= 1 n— 2
( ) ( ) ) (C)n (C)n
X1V XIII
IV (n=1) is usually the predominant ether product
Scheme 2

The structural environment of the C;—H, and C,—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 Cs—H bond towards internal hydrogen transfer
in the lead tetraacetate reaction of acyclic 1,2- and 1,4-hydroxy ethers
(Scheme 3, examples B-1 and B-2, respectively), resulting in shorter reactjon
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-1]™. However, when
the ether oxygen is attached to an e-carbon atom, as in the case of acyclic
1,3- and 1,5-hydroxy-ethers (Scheme 3, examples C-1 and C-2, respecti-
vely), it exhibits a considerable activating influence on the ease of 1,6-hydro-
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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]. 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(9), in the lead tetraacetate reaction a phenyl group attached
to a d-carbon atom of a primary unbranched acyclic alcohol, such as 4-phe-
nyl-1-butanol (Scheme 3, example D-1), 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
R S . s
—CH,-CH, ol R—CH,~CH o o
O] I — .
R’ R
(1) R =alkyl, R" ='H 48—50% 3—4%
(2) R = alkyl, R’ = CH, 38— 449, 1%
L3 . [
R-Y-CH, C|>H R-Y—-CH——0
| | - . g
(E) CH, z
\/
(1) Z == 0, R—Y = alkyl or CgH,
() Z=CH, Y=0, R=alkyl 52-54%
R-Ww
R—W—CH,—-X OH R-W-CH,—X o X 0
© | —_— =
CH,
(1) X = 0, R—W = alkyl or C,H; - 26—40°,
(2) X =CH,, W=0, R =alkyl 207 459,
rh
€ 3 3
Ph--(CH,).—CH, OH Ph—(CH,),—CH——0 *
(D) | —— +
CH,
(1) n=0 40—-49%, -
(2) n=1 48—50%, 9%

Scheme 3
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alcohol, such as 5-phenyl-1-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*@?
(as compared to tetrahydropyran formation from primary saturated ali-
phatic alcohols; see Scheme 3, example A-1), 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 B-fragmentation,
and on the ratio of cyclization to the two other competing reactions, i.e.
B-fragmentation and ketone formation.

[0 OAc OAc
+ + \M + XV
OAc

(3.5%) (14%) (5%) (12%)
XVIII ‘ XIX. XX
n Pb (OAc),
Fy e
PR~ HO™ “cH, 3N
XV
sl cis[trans = 40: 60
pm” No” \cH,

/L_—l\ Pb(OAc), 5% XVII
- $ =
Ph” “NOH CH,

Ph Ph
N "\ + PhCHO + PnCOOH * N + XVI

XVI

o OAc
(31%) (~2%) (4% (11%) (10.5%)
XXI XXII XXIIT XXIV
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(®®, 3,

3
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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 3-carbon atom, and 1-phenyl-1-pentanol (XVI), with
the phenyl residue on the carbinol (x-) 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
@, 5, 8,18 affording as the major product the cyclic ether (XVII) and only
a small amount of ketone (XVIII), whereas B-fragmentation products, if
present, do not exceed 1°%;. However, here again, as in the above menti-
oned case of the primary 4-phenyl-1-butanol®?.28) versus saturated pri-
mary aliphatic alcohols (Scheme 3, examples D-1 and A4-1), the five-mem-
bered cyclic ether (XVII), Scheme 4) is produced in somewhat lower yield
(36%) than the tetrahydrofurans obtained (in 38—449%, 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®? 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 (XXVTI),
derived from alcohol (XV), and postulated as intermediates in the lead
tetraacetate cyclization of alcohols (see Scheme 2, XIII and XIV).

Pb (OAC), -H®
XV —> — — ) —_— ————» XVI
Ph HO CH, Ph HO” “CcH,
XXV XXVI

resonance stabilized species

This apparent contradiction is most probably due to the fact that the
activated benzylic 3-methylene group in alcohol (XV) undergoes, in part,
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)****2? [see also® and®?].

* Attack of lead tetraacetate (resulting in acetoxylation) at a C—H bond adjacent
to an aromatic ring system is a well known reaction (17).

*x 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 3-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 3-methylene group are anti 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 Au®)
for such an intramolecular 3-hydrogen abstraction [rcsulting in the for-
mation of cyclic ether (XVII)], the alkoxy radical molecules must take up

l:h
Ha\ ‘' gH
o . \C‘
I H o
RCH H R(':H H
= =
s H
H CH,Ph H
H H
R=CH,
XVa o ' XVb

a less favorable conformation, such as (XVb), in which the oxymethyl group
and benzylic 3-methylene group are gauche to each other.

In the case of the isomeric secondary 1-phenyl-1-pentanol (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 $3-frag-
mentation to benzaldehyde (XXII) [which readily undergoes autooxidation
and was therefore, in major part, isolated in the form of benzoic acid
(XXIIN®@?]. The relatively high yield (31%) of oxidation to ketone (XXI)
[this being rather unusual for reactions of lead tetraacetate with alcohols
in nonpolar solvents4-8. 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 ¢ and c¢’)*. The structure of alcohol
(XVI) also favors the B-fragmentation reaction (yield ~269%;), since one
of thc fragments — in this case the carbonyl fragment (XXII, i.e. XXIII),
formed by initial C,—Cy bond cleavage (see Scheme 1, reaction b, fragment
VII), is stabilized by phenyl conjugation**.

* The case of the oxidation reaction (Scheme 1, reactions ¢ and ¢’) is in general
considerably increased when in the resulting ketone or aldehyde (Scheme 1, XI) the car-
bony! group is conjugated with an aromatic ring®?: 2%,

** 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 3-fragmentation reaction is very low (usually
about 1—29;,)“-5, 18,
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[The rate of the B-fragmentation reaction (Scheme 1) depends on the
stability of both the fragments VI and VII®. 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 cis/trans 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,

o OAc
6 2 + Ph’\/\/u\ + I"‘/\/\/l\ + XXVII
Ph“\0“"™CH,

(6%) (5%) (11%) (14,
XXX XXXI XXXII

J ok
rh HO“ CH,
€
XXVl
Ph LS cis|trans =44 : 56
CH,

. Pb(OAC), XXX
o 5
Ph \) : OH > CH,
<

XXVIIT

OAc
rh W + Ph /‘\n/\/\ + PhCH,OAc + PhCHO + PhCOOH +
o 0o

(9-5°) (9:5%) (22.5%) (5%) (%)

XXXII XXXIV XXXV XXXV XXXVII

OAc
P v + XXV
+ COOH  ph + Ph XX
OAC OAC

3% (11%) (4%) o

XXXVIIT 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-methyltetrahydro-
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 4A—2)4.5.8,18) The only
noticeable difference is the higher yield of the cyclic six-membered 2-methyl-
-6-phenyltetrahydropyran (XXX) [see also Scheme 3, example D—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 C,—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
e-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 B-fragmentation. That here fragmentation (which proceeds in
about 319% 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, thereforc, as shown in Scheme
6, upon homolytic cleavage of the bond between the carbinol («) carbon
atom and the adjacent benzylic (8") carbon atom in the alkoxy radical (XLI),
it affords a particularly stable carbon radical fragment, i.e. the resonance
stabilized benzyl radical (XLII)®7.28,30,3) The formation of the various
final fragmentation products (XXXV—XXXVIII) is also illustrated in
Scheme 6.

Pb (OAc), . N AN
XXVII] —3 — Ph_ g e —3 Ph—CH, +. /C
° o
XLI1
XLI / XLIII
oxid, —e9 autoxid.
autoxid. / HO\
Ph—COOH €¢————— Ph—CHO Ph—CH, //c/\/\
XXXVII XXXVI XLIV o XXXVIIT
02
hydrolysis AcO
OAc Pb (OAC),
Ph—CH <«—————— Ph--CH,0Ac
OAc
XLV XXXV

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 ¢ and c¢’), a process (shown in
Scheme 7), involving intermolecular attack at the benzylic (§’) 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
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 B-fragmentation (in about 339%, yield). Since in this case the carbon

XXVIIT —Hj . —¢® ° .
- - > a
o Ph 7B’ —> rh —_—
XXXIX @
OR OR
XLVI XLVII
—-HJ (when R=H) ! 3
\ - 2
> pn - Ph
OR o
XLVIII XXXIII
H,0
! Pb(OAQ),
(when R—A¢)
OAc
3
2
Ph/\[(\/\ ng - TE/\/\
0 0
AcO o]
N 4
XXNIII XXNIV (A«.O),Pb.)
XLIX

R =H (from XXVIII or Ac (from XXXIX)
R'\ .
Z -Pb (0A, "Pb(OAc), CHO', etc

Scheme 7
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radical fragment and the derived carbonium ion are secondary alkyl-benzyl
species [CH3CH2CH2—C*H—CsHs (*= - 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.

B _.Ph
3I I Pb (OAC), d LI
HC” HOZ® _

L N
(HCHO)
Ph Pk OAc
/\/'\ COOH + ’/\/’l\‘ COOH + "A\/\ Ph + NN\ rh
(6%) (4% (17.5%) (15.5%
LII LIII LIV LV

O
Ph Y Ph
/\/\/ OC\ H ha /\)\/ OAc + L

(4%) (24°0) (12%)
LVI LVII
Scheme 8

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:

Ph Ph

Ph
/\/\ Pb(OAc), . \/|\ (—AcOH) /\)\
R ———— ~ R —m—>=
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 (1095) than
the conversion of primary aliphatic alcohols to the corresponding aldehydes
by means of lead tetraacetate (usual yields 2—59,)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 B-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 116-E
(thermistor detector), Varian Acrograph Model A-700 (thermistor detector) and Varian
Aerograph Series 1200 (flame-ionization detector); the columns consisted of TCEP
(1,2,3-tris (2-cvanocthoxy) propane], Carbowax 20M or OV-225 (cyanopropylmethyl-
-phenylmethyl-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 i
spectrometer; CClg solutions and tetramethylsilanc as internal standard (values given in
3 units).

General procedure for lead tetraacetate reactions ¢, %, 19, — In a 500 m! round-bottomed
flask, equipped with a sealed stirrer and a water separator containing anhydrous K,CO,
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 ( 5", excessi** of lead tetraacetate [recrystallized from acetic acid and dried in
vacuo over phosphorus pentoxide and potassium hydroxide; the purity was determined
iodometricallyth, 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 m!
of dry cther and allowed to stand for 1—2 hours at 10—19°. The solution was then decant-
ed or filtered, 30—50 m!/ of ether added to the solid residue in the flask and the mixture
heated under retlux 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

* With 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—430 m/ 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 NaHCO, (until neutral)
and saturated aqueous NaCl (“neutral part”). After drying (over anhydrous K,CO, or
CaSO0,), 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 NaHCO;-washings (“acid part”), upon acidification with mineral acid (usually dilute
aqueous HCI), 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 werc 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.

5-Phenyl-2-pentanol (XV). — Alkylation of ethyl aceto-acetate with B-phenylethyl—
bromide followed by alkaline hydrolysis of the resulting ethyl B-pehenylethylacetoacetate
afforded 5-phenyl-2-pentanone (XVIII), b. p. 135—137° at 17 mm®», in 539%, yield.
Sodium borohydride reduction® converted this ketone (in 74% vyield) to 5-pchnyl-2-
pentanol (XV), b. p. 140—142° at 17 mm©®?,

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 trans-2-methyl-5-phenyltetrahydrofuran (XVII)®® in 36% vyield (cis- trans
ratio=40:60) [IR: 1090 cm—' (C—O0—C); NMR: cis-isomer: §=4.03 (IH, C,—H) and
4.72 (1H, C,—H), trans-isomer: =4.33 (1H, C;—H) and 4.97 (1H, C,—H); Analysis
— Found: C, 81.34; H, 8.90%,. Calc. for C;,H,,0 (162.22): C, 81.44; H. 8.70%]; 5-phenyl-
2-pentanone (XVIII) in 3.5% yield (32) [IR: 1720 ecm~! (C=0); NMR: §=1.87 (3H,
COCH,), 2.15 (2H, COCH,) 2.56 (2H, PhCH,)]; S-phenyl-2-penty] acetate (XIX) in
14% vyield [IR: 1740 cm=! (C=0), 1240 cm—! (C—O)]; 1-phenyl-1, 4-pentanediol diace-
tate (XX) in 5% yield [IR: 1740 om-! (C=0), 1240 cm—! (C—O); Analysis — Found:
C, 68.30; H, 7.69%. Calc. for C,;H,;,0, (264.31): C, 68.16; H, 7.63%] starting alcohol
XV) in 129, yield.

1-Phenyl-1-pentanol (XV1). — This alcohol, b. p. 133—136° at 15 mm®4, 29, 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° 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)®" in 319, yield; benzaldehyde (XXII)
in about 2% yield; 1-phenyl-1-pentyl acetate (XXIV)®® in 11% yield [IR: 1740 cm~!
(C=0), 1240 cm—* (C—0); NMR: §=2.00 (3H, CH,C00), 5.70 (1H, Ph—CH—Ac);
starting alcohol (XVI) in 10.59%, yield. From the “acid part”, benzoic acid (XXIII) was
isolated in 249, yield.

6-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-benzyl-5-methyltetrahydrofuran (XXIX) in 39°, vield (cis:trans ratio — 44:56)
[IR: 1090 ¢cm~! (C—O—C); NMR: §-=4.51 (2H, C,—H and C,—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, C,—CH,); Analysis — Found: C, 81.72; H, 9.21°,. Calc. for C,,H,,O (176.25":
C, 81.77; H, 9.15"..]; 2-methyl-6-phenyltetrahydropyran (XXX) in 6°, yield [IR: 1065
cem ' (C—0—C); NMR: §- 4.05 (1H, C4—H), 4.80 (1H, C,—H)]; 6-phenyl-2-hexanone
(XXX in 5°, yield (39) [IR: 1720 cm~? (C--0); NMR: §=1.90 (3H, COCH, 215
(2H, COCH,)]; 6-phenyl-2-hexyl acetate (XXXII) in 11°, yield; starting alcohol (XXVII
in 14°, yield.

1-Phenyl-2-hexanol (XXVIII). — Sodium borohydride reduction (33) of 1-phenyl-
2-hexanone (XXXIII) (“Fluka” commercial product afforded 1-phenyl-2-hexancl
(XXVIII), b. p. 138—140° at 15 mm, in 76°, yield [Analysis — Found: C, 80.76; H,
10.14°,,. Calc. for C,,H,,0 (178.26): C, 80.85; H, 10.18°,].

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: benzy!
acetate (XXXV) in 22.49, yield; benzaldehyde (XXXVI) in §°, yield; 1-phenyl-2-hexanone
(XXXIII) in 9.5°, yield; 1-phenyl-2-hexyl acetate in 119, vield [IR: 1740 cm—* (C=0),
1240 cm ' (C—0); NMR:§ 1.87 (3H, CH,COO0), 2.78 (2H, PhCH,), 4.98 (1IH, AcOC—
—H); Analysis — Found: C, 76.15; H, 9.06°,. Calc. for C,;HO, (220.23); C, 76.32;
H, 9.15°,]; starting alcohol (XXVIII) in 8.8°, yield; I-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 1-phenyl-2-hexanone (XXXIII) with lead
tetraacetate (see below)]; l-phenyl-1, 2-hexanediol diacetate (XL) in 4°, yield [IR:
1750 cm ' (C O), 1240 ¢m ' (C—O); NMR: §=1.90 (6H, two CH,C0OO0), 5.70 (IH,
benzylic AcO—C,—H), 4.89 (1H, homobenzylic AcO—C,—H)]; traces of valeraldehyde.
The “acid part”, upon esterification with diazomethane and gas chromatographic separa-
tion, afforded ethyl benzoate (corresponding to acid XXXVII) in 49, yield, and methyl—
valerate (corresponding to acid XXXVIII) in 317, yield.

Lead tetraacetate acetoxylation of 1-phenyl-2-hexanone (XXXIII). — A mixture
of 3.4 g (0.02 mole) of 1-phenyl-2-hexanone (XXXIII) and 9.5 g (0.02 mole) of lead tetra-
acetate in 60 m!/ of benzene was stirred and refluxed for 28 hours. Unreacted lead tetraace-
tate was decomposed as described in ref. (6), i.e. with 109 aqueous potassium jodide
followed by reduction of liberated jodine 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°, yield [IR: 1746 cm-! (acetate C=0), 1725 cm™*
(ketone C=0), 1240 cm ! (C—OAc); NMR: 3=2.13 (3H, CH,C0OO0), 2.32 2H, O=

Ph
=C—CH,), 5.87 (1H, \,CH—C=O); Analysis — Found: C, 71.55; H, 7.80=. Calc.
AcO”
for C,{H,,0, (234.28): C, 71.77; H, 7.74°;).

2-Phenyl-1-pentanol (L.). — Lithium aluminum hydride reduction of 2-phenyl-
valeric acid (LII), m. p. 52, b. p. 161—164° at 11 mm (38) (obtained by hydrolysis of
a-phenyl-valeronitrile) affords 2-phenyl-1-pentanol (L), b. p. 130—131° at 15 mm®®,
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—
—110° (7.1 g) and 110—147 (6.1 g), which were subjected to gas chromatography and
separated into the following products: 1-phenyl-1-butene* (LV) in 15.5% yield®“o, )
[IR: 1645 cm 1 (C. C), 964 cm~! (rrans CH. CH); NMR: §-=-2.20 (2H, allyl CH,), 6.07—
—6.20 (2H, vinyl C—H), 7.28 (5H, phenyl C—H): Analysis — Found: C, 90.72; H,
9.19°... Calc. for C,,H,, (132.20): C, 90.85; H, 9.15°,]; 1-phenyl-1-butyl acetate (LIV)
in 17.5", vield® [IR: 1730 ¢m~! (C O, 1240 cm~* (C—O) and 1025 cm~'; NMR:
8 - 1.93 (3H, CH,CO0), 5.60 (IH, Ph—CH—OACc); Analysis — Found: C, 74.91; H,
8.32",. Cale. for C;,H,,0, (192.25): C, 74.97; H, 8.39°,]; 2-phenyl-1-pentyl acetate
(LVII) in 24°, yield® [IR: 1740 cm (C=-0), 1240 om~' (C—O); NMR: 8=1.84
(3H, CH,COO), 2.t0[ (1H, PhC—H), 4.05 (2H, AcO—CHy,)]; 2-phenyl-1-pentyl formate
(LVI) in 49, vield ,IR: 1725 em~! (C- 0), 1170 em! (C—O); NMR: §=2.80 (IH,
PhC—H), 4.08 (2H OCO—CH,), 7.75 (1H, OOC—H]; starting alcohol (L) in 12%

* Predominantly in the trans-form [for LV see (40); for LIII see (42)].
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wyield. The “acid part” afforded 2-phenylvaleric acid (LII), m. p. 52°@9, in 6%, yield and
2-phenyl-2-pentenoic acid* (LIII), m. p. 65—66° (42), in 4%, yield [IR: 1275, 1195 and
669 cm~'; NMR: §=2.18 (2H, allyl CH,), 7.10—7.22 (IH+5H, vinyl C—H+ phenyl
C—H)"].

Acknowledgement — The authors are grateful to the Yugoslav Federal
Research Fund for financial support.

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 3- or e-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 B-
—carbon atom) undergo predominantly p-fragmentation (and, in the case of
benzylic alcohols, oxidation to the corresponding carbonyl compounds as well).
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PROTONATION OF LOW SOLUBLE REAGENTS—BIS-AZO
DERIVATIVES OF CHROMOTROPIC ACID IN AQUEOUS MEDIA

by
NADA U. PERISIC-IANJIC, AURORA A. MUK, and VELIMIR D. CANIC

INTRODUCTION

Bis-azo derivatives of chromotropic acid are in wide use today as rea-
gents in the spectrophotometry of a number of elementsV). In addition to
this, a number of authors -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(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 protonation57. In the acidity range 1—3 N (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 acid1.12, The complexes of this kind are termed type III,
so, for concision, we have chosen to use the term maximum 111 for the long-
-wave maximum produced by the reagent in the 1—3 N 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®. Different approaches to this problem have been ex-
plored by Pérez-Bustamante and Burriel-Marti(”-® and Petrova et al.®,

Pérez-Bustamante and Burriel-Marti®"® 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

47
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process they explain by the formation of neutral molecules of the reagent
[HoL]°, which further associate and thereupon precipitate(?.8:19),

Petrova et al.®® 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®.!9),

EXPERIMENTAL

Nine reagents, all derivatives of 2,7-bis-(azo-benzene)-chromotropic
acid, with substituents in the benzene ring (Table I) were investigated:

4©—N=N N=N &

HO,S SOH

They were synthesized by standard procedures®. 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.

SPECTROPHOTOMETRY

Protonation of Reagents

The spectra were recorded at different acidities of solution, from weak to
strong. Total reagent concentrations were of the order of 10-5 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(3 was used.
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45N Hclo,
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REAGENT 6

Fig. 1

‘Absorption spectra of reagent 6 in perchloric acid solutions of different acidity. Reagent
: concentration 1.5x10-* M
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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, IT 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 nm, and maximum II at about 650—670 nm.
Both maximums (I and II) characterize the protonized forms of the reagent,

A
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}

REAGENT 6
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-1 -2 -3
- Iog Q”

Fig. 2a

Change in absorbance vs. Ho at characteristic maximums of reagent 6, at 455, 555, 665

and 715 nm



51

as can be concluded from the similarity of the shape of these spectra and
those of protonized bis-azo derivatives of chromotropic acid investigated
earliert+2),

Maximum III lies at the longest wavelengths, at 715 nm or even fur-
ther; for reagent 7 it is at 835 mm. It characterizes the neutral molecule of
the reagent and its associaties(”:8:19 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.

[

A | REAGENT 8 ff
oS 2l
08 | OE ITEN
// N

M =835 nm

-2 - " - 60
-log Qan
Fig. 2b

Change in absorbance vs. Ho at characteristic maximums for reagent 8, at 490, 565, 700
and 835 nm

am
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The first segment (A—B in Figs. 2a and 2b) obverlaps with the S—curve
at 715 mm or 835 mm (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 (455mm in Fig. 2a and 490 wm 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 does 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

(HR%)

log K=log +nHo, with n=1 29

where (HR*) and (R) =concentrations of the protonized and nonprotonized
forms of the rcagent, respectively, and Ho=Hammett acidity funcitont2),
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 above29. The 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 11 for a Group of bis-azo-
Derivatives of Chromotropic Acid. Total Concentration of the Reagent= Cior [M]

= s
= £
Reag-| x . Maximum 1 Maximum II 1P
ent | 3 Substituent Aom log K n*) Anm lcg K n*) é — log K
Q =
1 1.5 2-COOH 455 —1.24 1.1 658 —1.37 1.1 720 —1.31+0.06
2 1.6 2-COOH,2’-CH, 460 —0.55 09 665 —0.38 09 — —0.27+0.1
3 20 2-COOH,3-CH; 460 —091 1.0 660 —1.09 1.0 730 —1.00+0.09
2 24 2-COOH,4-CH, 468 —1.35 1.0 670 —1.52 0.7 750 —1.24+0.08
5 1.5 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
8 2.0 2-OH, 4-OH 290 —2.83 1.1 700 —298 1.0 835 —2.91+0.08
9 — 4-OCH,,4-OCH; 495 —3.46 1.1 705 —4.03 0.9 810 —3.74+0.3

R+)

H
* Calculated from plot of log( vs. Ho.

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, Ami/Anr 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 Maximums I and II (a) and Ratio of the Optimum Absorbance at
Maximums I1I and II (A, /A,,)

Molar absorptivity ax 104
Reagent I a xIIO“ Apn/Ay
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 4.33 291 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®.

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 spectro-
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 IIT

Values of log Ko|K ;
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 T—9 the zero reagent was
2,7-bis-(azo-benzene)-chromotropic acid®, »

Substituent I log K/Ko Substituent log K/Ko
4—CH, +0.02 4—OH, 4—OH —2.24
4—OCH, +0.33 4—OH —1.89
4—COOH —0.37 4—OCH,, 4—O0OCH, —3.00
2—CH, +0.99

3—CH, +0.28

The magnitude of association of reagent molecules is directly related
to the protonation constant. The ratio A;;/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.

School of Technology Received 1 June 1971
Novi Sad University
and
Boris Kidri¢ Institute of Nuclear Sciences
Vinda, Belgrade
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SOME ELECTROPHILIC SUBSTITUTION REACTIONS OF
N-METHYLACETANILIDE*

by

OSTOJA K. STOJANOVIC, GORDANA A. BONCIC-CARICIC,
and DPORDE M. DIMITRIJEVIC

In a previous study® we established that N-methyl-acetanilide, unlike
acetanilide®, in the presence of anhydrous AICls, 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®4. Bogdal® 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® 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 AICls, in the same way as when
the analogous reaction is tried with CCL®¥, or when anhydrous AlCls 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®),
i.e. higher temperatures and more AlCls;.

* Part of this study was first communicated at the 11th 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®® with the re-
sults for the nitration of acetanilide under the same conditions™ 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® 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 authors®.10,11)

When sulfochlorination of N-methylacetanilide was tried at 40°C it
was impossibele to separate out the reaction product, and only in the rang¢
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 83.29%
when the molar ratio was raised to 1:6 at the same temperature. On the other
hand, the sulfochlorination of acetanilide1? 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® 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®, and is much more expressed in sulfochlori-
nation. In reactions halogenation, performed directly on the phenyl cored?,
the reactivity of N-methylacetanilide is far lower than that of acetanilide;
chlorination goes 2000 times slower® and bromination about 1000 times
slower™. In the reactions of alkylation and acylation after Friedel-Crafts
the presence of the CHs group on the N atom entirely inhibits reaction,

Robertson er al. explain that the far greater reactivity of acetanilide
than N-methylacetanilide in halogenation is due to the hyperconjugation

H® N= :©
N

COCH,

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 clectrophilic substitutions of acet- and N- methyl-
acetanilide, in which substitution is performed directly on the benzene nucleus.



59

As for the Friedel-Crafts reaction, which we found to be inhibited by
the CHj 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

® ©
creation of the C¢HsNH,AICl3 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!®), 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®.

In a 200 m! three-necked flask fitted with an upright condenser, stirrer
and thermometer, 13.5 g (0.09 mole) powdered N-methylacetanilide and 40.5 g
(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 4. 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,
S, 6 and 8 4, and with a greater (1:6) molar ratio between N-methylaceta-
nilide and AICl3. 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 dimethylaniline9,

Powdered N-methylacetanilide (5 g, 0.033 mole) was dissolved in 50 m/
conc. 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 conc. sulfuric acid was
slowly added (volume ratio 1:5). After the nitration mixture had been added,
the reaction mixture was stirred for about 30 mur at the same temperature,
and was then poured into iced watcr, 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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CoH1N20s: 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®. The results are prestented in Table I.

TABLE 1

Nitration of N-Methylacetanilide (NMAA) at Various Molar Ratios with Nitric Acid
Taken: 5 g NMAA, pur., E. Merck

Temp.: 0—4°C
Crude product

No HNO, ‘ Molar ratio 3 Reaction

. g NMAA :HNO, yield m. p. medium

l g % °C
1 2.7 1:1 - -
2 5.4 1:2 335 5146 150—151
3 8.1 1:3 332 510 146—151
4 2.7 1:1 - - CH,COOH
5 2.7 1:1 — — CH,COOH +
H,NCONH,

(3) Sulfochlorination of N-methylacetanilide

Sulfochlorination of N-methylacetanilide was performed analogously to
the sulfochlorination of acetanilide®.

The reaction was conducted in a 750 m/ 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 g chlorosulfonic acid previously freshly redistilled in a chlorine hy-
dride stream was put into the flask which was cooled with iced water. Then
15g (0.1 mole) powdered N-methylacetanilide was gradually added, during
which the temperature of the reaction mixture was maintained below 20°C.
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 g ice and
800 m/ 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°—150°C).
Analysis — calculated for CoHjoCINOs: 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.



61

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 ¢ NMAA, pur., E. Merck
Molar ratio of the reagents: 1:5
Reaction time: 1.5 A

No. Teomp. Yield of grude product
C Yo
1 40 —_
2 50 54.6
3 60 63.7
4 70 67.2
b 80 61.7
6 90 53.6
TABLE III

Effect of Molar Ratio on Sulfochlorination of N-Methylacetanilide

Taken: 15 ¢ NMAA, pur., E. Merck
Reaction time: 1.5 A

Temp.: 70°C
No. Molar ratio Yield of crude product
. NMAA:HOSO,CI %
1 1:2 6.2
2 1:3 24.8
3 1:4 49.7
4 1:5 62.7
5 1:6 83.2

TABLE 1V

Effect of Reaction Time on Sulfochlorination of N-Methylacetanilide

Taken: 15 ¢ NMAA, pur., E. Merck
Molar ratio of the reagents: 1:5
Temp.: 60° and 70°C

N Reaction time | Yield of crude product, %,
o (k) ! at 60 C at 70°C
1 1 60.2 65.0
2 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 AICIs.

(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-38-HYDROXY-
-5,10-SECO-1(10)-CHOLESTEN-5-ONE AND THEIR
ACETATES WITH COMPLEX METAL HYDRIDES*

by

MIHAILO LJj. MIHAILOVIC**, MIROSLAV J. GASIC,
IVAN JURANIC, and LJUBINKA LORENC

Investigations of cyclic systems have shown that their reactivity de-
pends to a considerable extent on ring size®. This difference in reactivity
is ascribed to changes in the total internal strain (I-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®. 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 sp? 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 —CHz— 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-3p-
-hydroxy-5,10-seco-1(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(10)-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? (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, 11001 Beograd, Yugoslavia.
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carbon) to sp3 (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(: 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 cis-38-acetoxy-5,10-seco-1(10)-cholesten-5-one (Ia)
in methanol or isopropanol solution affords, in nearly quantitative yield,
a mixture of the two 5-epimeric alcohols with 58 (5a—OH) and 5R (58—OH)
configuration (IIa) and (IIIa) *, **, in an approximate ratio of 4:1. The
diastereomer with the 58 configuration (IIa), the major reduction product,
was isolated in the pure state after repeated crystallization from acetone
(in a 609, crystallization yield)***.

1]
CH,

R°

()] (ratio 4:1)
an (I

(a) R—=Ac R™ = (@) R=Ac, R'=H
(b) R=H (b) R=R'=H
(c) R=R'=Ac

The reduction of the S-carbonyl group in the cis-seco-ketone (Ia) with
lithium aluminum hydride in diethyl ether solution follows a similar stereo-
chemical course, and the 5-epimeric 38-,5-diols with 58 and 5R configuration,
(IIb) and (IIIb) respectively, were again obtained in a ratio of about 4:1.

* The S 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®.

** 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-
bered ring has the hypothetical planar conformation, whereby an a-substituent is on the
opposite side and a {-substituent on the same side of the ring.

*** Since both epimeric 5-alcohols (IIa) and (IIIa) have the same Ry 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 (IIc) and (IIIc), which
have different Ry values on chromatoplates.
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The same ratio of diols (IIb) and (IIIb) was observed in the sodium boro-
hydride reduction of cis-38-hydroxy-5,10-seco-1(10)-cholesten-5-one (Ib) in
methanol or isopropanol solution.

(b) Reductions of the trans-unsaturated seco-ketomes (IV). — The re-
duction of rrans-38-acetoxy-5,10-seco-1(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 cis-isomer (Ia) (see above),
and of the two possible S-epimeric alcohols (with 58 and 5R configuration)
only one diastereomer, having the 5§ configuration (Va and its hydrolysis
product Vb)*, was obtained from the reduction mixture. However, in this
case, in addition to rrans-3B-acetoxy-5,10-seco-1(10)-cholesten-5a-ol (Va)
which is formed in 539, yield, other products were also isolated, such as
unreacted starting ketone (IVa) in 15°% yield**, its 3-saponified derivative
(IVb) in 39, yield, and the 3B,2a:-diol (Vb) [resulting from hydrolysis of
the 38-acetate group in the initially produced 3B-acetoxy-5«-ol (Va)] in 119,
yield. (These products were separated and isolated by chromatography on
an SiOg-column.).

H,C ’\c\
m —3 (V) + (Vb)) +
o

av)

(a) R--Ac
(b) R=H

It was found that the lithium alumium hydride reduction of the
trans-seco-ketone (IVa) in diethyl ether solution, and the sodium boro-
hydride reduction of rrans-383-hidroxy-5,10-seco-1(10)-cholesten-5-one (IVb)
in methanol or isopropanol solution are also higly stereospecific, both giving
trans-5,10-seco-1(10)-cholestene-383,5«-diol (Vb) is formed in practically
quantitative yield.

The correlation of configuration at C—35 between the cis-olefinic 5-
-alcohol (ITa and/or IIb), obtained as major product in the reductions of
the cis-seco-5-ketone (Ia and Ib), and the trans-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 cis-unsaturated 38,5-di-
acetate (IIc), obtained by O-acetylation of alcohol (IIa) or (IIb), a product
was formed which proved identical with the 38,5-diacetate (Vc) prepared

* According to thin layer chromatography, the corresponding epimer with the
5R (i.e. 53-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 3B-acetate group.
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from the trans-unsaturated S5-alcohol (Va) or (Bb). It was thereby esta-
blished that alcohols (II) and (V) are olefinic cis-rrans diastereomers and
that they have the same configuration at C—S5, which, according to NMR
studies, is very probably S (i.e. 52-OH) (9).

H
C

r

A0 ¢is AlA0)-_rrang

2. Kinetic Measurements

The kinetics of the reductions of cis- and trans-33-hydroxy-5,10-seco-
-1(10)-cholesten-5-one (Ib) and (IVb) with sodium borohydride were follow-
ed by applying the procedure of Brown er al.®. Solutions of the cis-
and trans-seco-ketone (Ib) 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®®, It was found that the sodium borohydride reductions od cis-
and trans-38-hydroxy-5,10-seco-1(10)-cholesten-5-one (Ib) and (IVb) are ana-
logous to those of ketones containing authentic steroid systems® and that
they correspond to a second-order kinetics. The rate constants, kg, given in
Table I, indicate that the cis-isomer (Ib) is reduced by means of sodium
borohydride about 10 times faster than the rrans-isomeric ketone (IVD).

TABLE 1

Rate Constants (kz2) for Sodium Borohydride Reductions of cis-33-hydroxy-
-5,10-seco-1(10)-cholesten-5-one (Ib) and rrans-3f-hydroxy-5,10-seco-1(10)-
-cholesten-5-one (IVb) in Isopropanol Solution at 35°

Rate constant kg

Substrate (in liters/mole-sec) Relative rate
cis-Tsomer (Ib) 6.2x10-3 10
trans-Isomer (IVb) 6.4 x10-4 1

® Mean value of two separate kinetic experiments

* Under these conditions, in a 24-hour reaction period neither diol (Ib) nor diol
(IVb) exsbited 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 trans-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 rrans--5-cyclodecenone cyclic systems(®: 11, The fact that both the
sodium borohydride and the lithium aluminum hydride reductions of the
cis-seco-ketones (Ia) and (Ib) afford mixtures containing an approximately
equal ratio of 5§ (i.e. 5¢-OH) to SR (i.e. 58-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 cis-1(10-cyclodecen- -

(1A) A Y19-¢is-5-ketone
Scheme 1

-5-one system (IA) (5,11)* allows approach of the reagent to the carbonyl
(C-5) carbon atom form both sides (« and B)**, but that, because of the
presence of the steroid residue (rings C and D), attack form the f side,
to give the epimeric alcohol with the 5§ configuration (II), should be pre-
ferred (as experimentally confirmed; see above)***. Other conformations
of the seco-steroid ketone (I) containing the cis-1(10)-cyclodecen-5-one
system, such as those illustrated in Scheme 1 (IB)%:11), should be less stable.

* By slight changes in the relative orientation of the bond plane of the trigonal
(sp*-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'V. Conformation (IA), as
drawn here, represents a compromise and is probably the energetically most favorable
form of the cis-isomer (I).

** Approach from the “S"” 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.

se



68

In these conformations, preferential attack (« or 8) 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 trans-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-1(10)-cyclodecen-5-one
system (Scheme 2; forms IVA, IVB and IVC)®: 1113, 14) reveals that

1 "

CH, CH,

(IVC)

A - trans- 5-ketone

Scheme 2

all these conformations allow attack of the reagent mainly from one side,
this being the B side in conformations (IVA) and (IVB) (whereby alcohol
V with the 58 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 of the rrans-
-seco-ketones (IVa) and (IVb) furnish almost exclusively the epimeric
alcohol with the 58 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 B-atack with formation
of the 5§ alcohol).

The proposed conformation or the cis-unsaturated 5-ketone (IA and
perhaps IB, Scheme 1) and the trans-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



69

only on ring size, one would expect the reduction rates to be approximately
equal for both olefinic diastereomers. However, since their reactivity to-
wards sodium borohydride is different, the cis-unsaturated ketone (I) being
reduced about 10 times faster than the trans-isomer (IV) (Table 1), it
follows that the reaction rate must be chiefly influenced by the 1(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 sp? to sp® 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 trans-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 cis-seco-ketone I (conformation IA and eventually
IB, Scheme 1). This assumption is supported by the fact that when the
5-epimeric alcohols (IIa) and (Va) are oxidized with chromic anhydride
in the two-phase system ether-water (a reacton which involves sp3—sp2
hydridization change of the reacting C-5 carbon atom), the rate ratio is
the converse, i.e. the oxidation of the rrans-alcohol (Va) to the trans-ketone
(IVa) proceeds considerably (more than 10 times) faster than the conversion
of the cis-alcohol (IIa) to the corresponding cis-ketone (Ia).

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 3B-substituent is an acetoxy or a hydroxy

group.

Achnowledgement. — 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 CHCI,. 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 CDCI, solutions (5%,) using te-
tramethylsilane as internal standard; chemical shifts are reported in 8 (ppm) values (abb-
reviations: s 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 509, H,SO,.

Reductions of cis-3B-hydroxy-5,10-seco-cholest-1(10)-en-5-one acetate (Ia)

1A. Sodium borohydride reduction of (Ia) in methanol solution. — A solution of 1 g
of the cis-acetoxy-seco-ketone (Ia) (5) in methanol (400 ml) was cooled to 5° and treated
with sodium borohydride (2 g). After stirring for one hour at 5° the reduction was com-
pleted, and the reaction mixture was diluted with water, acidified with 109; 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-$ alcohol (V) the S5ax-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 drvness
in vacuo, leaving a mixture of the epimeric alcohols (IIa) and (IIIa). After four cristal-
lization of this mixture from acetone, pure cis-38, Sx-dihydroxy-5,10-seco-cholest-1{10-ene
3-acetate (I11a) was obtained (595 mg; 59.4%,), m.p. 173 —174°, [x]20+30° +2- (c=0.64};
IR (KRD): vpux- 3462, 1711, 1270cm-*, and IR (CH,Cly): vpax = 3640, 1735, 1235cm™;
NMR: §=:0.70 (CH,-18, 5), 0.86 \CH;-26 and CH,-27, d), 0.90 (CH,-21, d) 1.68 CH; 19,
d), 2.01 (CH,COO at C-3, s), 3.72, 5.22 and 5.36 .three protons, at C-5, C-1 and C-3,
multiplets). (Found: C, 77.92; H, 11.25%,. C,,H,;,O; requires C, 77.97; H, 11.28°,.

The mother liquors from these crystallizations, containing the 33-epimeric alcoho!
\IIIa), were combined and evaporated (in vacuo) to dryness; the residue (about 400 mg’
was acetylated with acetic anhydride (5 ml) in pyridine solutin (10 m/). 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 mg (15.3.) of
cis-33, SB-dihydroxy-S5,10-seco-cholest-1(10)-ene diacetate (I111c), which was purified by
two crystalizations from methanol (yield 120 mg, i.e. 10.9°,), m.p. 78°, [1]g= +36 =3
(c- 0.40); IR (KBr): vp.,=1738, 1735, 1240 cm~'; NMR: 8=0.72 (CH,-18, s), 0.86
(CH;-26 and CH,-27,d), 0.91 (CH,-21,d), 1.71 (CH,-19, d), 2.01 and 2.03 (two CH,COO,
at C-3 and C-§, singlets), 4.95, 5.12 and 5.30 (three protons, at C-3, C-5 and C-1, mult-
plets). (Found: C, 76.07; H, 10.51%,. C;,H,,0O, requires: C, 76.18; H, 10.72°,).

Further elution with benzene gave a mixture (56 mg) of both 5-epimeric diace-
tates (IIc) and (IIlc). By elution with benzene-ether (98.2) cis-38, 5x-dikydrohxy-5,
10-seco-cholest-1(10)-ene diacetate (1Ic) was obtained (179 mg) in 16.3% yield (bringing
the total yield of 5S-epimer II to 75.7°,), which after crystallization from methanol
(yield of pure product 120 mg, i.c. 10.9%) melted at 86—87°, [x]}0= +52°+2° (¢=0.58’3
IR (KBr): vpmax= 1740, 1248, 1235 cm-'; NMR: §=0.72 (CH,-18, s), 0.85 (CH,-26 and
CH,-27, d), 0.89 (CH,-21, d), 1.67 (CH,-19, d), 2.03 and 2.06 (two CH,COO, at C-3
and C-S, singlets), 4.83, 5.28 and 5.38 (three protons, at C-3, C-5 and C-1, multiplets)
(Found: C, 76.02; H, 108.9°,. C;;H,,O, requires: C, 76.18; H, 10.72°,).

Hydrolysis of cis-38, SB-dihydroxy-5,10-seco-cholest-1(10)-ene diacetate (Illc). —
Diacetate (I11c) (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. Crystallization of the remaining product from acetone afforded
74 mg (89.4°,) of cis-3@3, S&-dihydroxy-5,10-seco-cholest-1(10)-ene (11Ib), m.p. 192—1937,
[2]20-- +13° 452 (c=1.0); IR (KBr): vpae=3340 cm~'. (Found: C, 80.29; H, 11.82%,
C3;H304 requires: C, 80.14; C, 80.14; H, 11.96%,).

Hydrolysis of cis-3(3, Sa-dihydroxy-5,10-seco-cholest-1(10)-ene  diacetate (llc). —
Diacetate (I1c) (100 mg) was hydrolysed in the same way (as IIIc), giving, after crystal-
lization from acetone, 76 mg (91.8",) of cis-38, Sx-dikydroxy-5,10-seco-cholest-1(10)-ene
(11b), m.p. 157—158", [2]20 = + 17" +2° (¢=-0.59); IR (KBr): vpax=3380 e¢m-1, (Found:
C, 80.02; H, 12.18,. C4H,;404 requires: C, 80.14; H, 11.96%).

1B. Sodium borohydride reduction of (la) in isopropanol solution. — A solution
of 1 g of the cis-acetoxy-seco-ketone (Ia) 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 1A, leaving a white solid which was chromatographed on 40¢
of silica gel (0.20—0.05). Benzene cluted a complex mixture (96 mg) which was not further
investigated. Benzenc-ether (90:10 and 85:15) eluates, afforded a mixture of S-epimeriC
alcohols (ITa) and (I1Ia) (740 mg), out of which, after four crystallizations from acetone,
520 mg (51.8,) of pure cis-33, Sa-dihydroxy-5,10-seco-cholest-1(10)-ene 3-acetate (IIa),
m.p. 173—174, was obtained.

Eluation with ether gave a mixture of the S-epimeric 3B,5-diols (IIb) and (IIIb)
(120 g}, which was combined with the mother liquors of the above crystallization and
acetylated with acctic anhydride-piridine (see 1A). The resulting mixture of diacctates
(IIc) and (111c) was chromatographed on SiO, as described in section 1A, affording:
164 mg  (14.9)°, of cis-3, S-dihydroxy-5,10-seco-cholest-1{10)-ene diacetate (11Ic)
m.p. 78 (from McOH); a mixture (72 mg) of both 5-epimeric diacetates (IIc) and (11I¢);
and 183 mg (16.6",) of cis-3%, Sx-dihydroxy-5,10-seco-cholest-1(10)-ene diacetate (IIc);
m.p. 86—87° (from methanol) (The total yield of 55 epimer II was therofore in this ré-
duction 68.4).
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2. Lithium aluminum hydride reduction of (Ia). — A mixture of the cis-acetoxy-seco-
-ketone (Ia) (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 (IIb) and (1IIb) (272 mg, 100°;), was acetylated with
acetic anhydride in pyridine solution (see 1A). The resulting mixture (326 mg) of the di-
acetates (IIc) and (I1Ic) 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 cis-3B, SB-dihydroxy-5,10-seco-cholest-1(10)-ene diacetate (Illc); a mixture
of both diacetates (IIc) and (IlIc); and 234 mg (71.8%) of cis-3B, Sx-dihidroxy-5, 10-
-seco-cholest-1(10)-ene diacetate (IIc).

Reductions of cis-33-hydroxy-5,10-seco-cholest-1(10)-en-5-one (Ib)

3A. Sodium borohydride reduction of (Ib) in methanol solution. — A solution of
201 mg of cis-hydroxy-seco-ketone (Ib)® in methanol (100 ml) 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: 42mg (17.2%,) of cis-3B, 58-dihydroxy-5,10-seco-
-cholest-1(10)-ene diacetate (IIIc), m.p. 78° (from methanol); a mixture of the 5-epi-
meric diacetates (IIc) and (IIIc); and 163 mg (66.8%;) of cis-3p, Sx--dihidroxy-5,10-seco-
-cholest-1(10)-ene diacetate (IIc), m.p. 86° (from methanol).

3B. Sodium borohydride reduction of (Ib) in isopropanol solution. — The cis-hydroxy-
-seco-ketone (Ib) (201 mg) in isopropanol (100 m!) 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 SiO, (see 1A and 1B), affording: 39 mg (16%
of cis-3B, 5B-dihydroxy-5,10-seco-cholest-1(10)-ene diacetate (IIIc), a mixture of both
diacetates (I11Ic) and (I1Ic); and 159 mg (65.29;) of cis-38, Sa-dihydroxy-5,10-seco-cholest-
-1, 10)-ene diacetate (IIc).

Reductions of trans-3B-hydroxy-5,10-seco-cholest-1(10)-en-5-one acetate (1Va)

4A. Sodium borohydride reduction of (IVa) in dioxan-methanol solution. — To
a strirred solution of 2 g of the trans-acetoxy-seco-ketone (IVa) ©*'» 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 (19.5°%,) of the starting ketone
(IVa), which was recrystallized from acetone-methanol (yield 305 myg, i.e. 15.29,), m.p.
136° [lit. m.p. 136° (5)].

From benzene-ether (85:15) eluated 1.15g (57.9%,) of trans-33, Sx-dihydroxy-S,
10-seco-cholest-1(10)-ene 3-acetate (Va) was isolated, which was purified by crystallization
from acetone-methanol (yield 1.06g, i.e. 52.8°,), m.p. 134—136°, [a]})=—16" +2°
¢=0.42); IR (KBr): v,0,=3510, 1708, 1260 cm~!, and IR (CH,Cl): v,,ax —= 3620, 3500,
1732, 1235 cm='; NMR: §=0.73 (CH,-18, s), 0.85 (CH;-26 and CH,-27, d), 0.89 (CH;-21,
d), 1.72 (CH,-19, d), 2.03 (CH,COO at C-3, s), 3.94, 4.92 and 5.18 (three protons, at C-5,
C-1 and C-3, multiplets). (Found: C, 77.79; H, 11.37°%;,. C; H,,O; requires: C, 77.97;
H, 11.289%).

Elution with ether afforded 80 mg (4.4°,) of trans-3B-hydroxy-5,10-scco-cholest-
-1(10)-en-5-one (IVb), which was purified by crystallization from methanol (yield 55 mg,
i.e. 3.0%), m.p. 160° llit. m.p. 158° (5)].

Methanol eluted 217 mg (11.4°,) of trans-38,5x-dihydroxy-5,10-seco-cholest--1(10)-
-ene (Vb), m.p. 153° (from methanol), [x]¥—=—I12" 127 (¢ 2.0); IR (KBr): vpma -
=3330 cm~'. (Found: C, 76.62; H, 11.75. C;;H,,0, + H;0 requires C, 76.72; H, 11.927,).

4B. Sodium borohydride reduction of (IVa) in isopropanol solution. — A mixture
of the trans-acetoxy-seco-ketone (IVa) (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); 257mg (28.4%) of trans--3B,5a-dihydroxy-5,10-seco-cholest-
-l(log-enc 3-acetate (Va); and 430 mg (52.2%) of trans-38,5x-dihydroxy-5,10-seco-cholest-
-1(10)-ene (Vb).

S. Lithium aluminum hydride reduction of (IVa). — The trans-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 trans-3B,5x-dihydroxy-5,10-seco-cholest-
-1(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-3B,5a-dihydroxy-6,10-seco-cholest-1(10)-ene (IVbh). — Acety-
lation of the trans-diol (Vb) (250 mg) with acetic anhydride in pyridine at room tempe-
rature gave 278 mg (92.0%) of trans-38,5x-dikydroxy-5,10-seco-cholest-1(10)-ene diace-
tate (Vc), m.p. 95—96° (from acetone-methanol), [a]¥=—18°+2° (c=2); IR (KBr):
Vmax=1755, 1732, 1255 cm~!; NMR: §=0.78 (CH,-18, s), 0.85 (CH,-26 and CH,-27,
d), 0.89 (CH,-21, d), 1.76 (CH;-19, d), 1.99 and 2.02 (two CH,COO, at C-3 and C-5,
singlets), 5.10 and 5.40 (three protons, at C-3, C-5 and C-1, multiplets). (Found: C,
76.05; H, 10.55%. C,,H,,O, requires: C, 76.18; H, 10.72%).

Reduction of trans-38-hydroxy-5,10-seco-cholest-1(10)-en-5-one (IVb)

6A. Sodium borohydride reduction of (IVb) in methanol solution. — A solution
of 201 mg of the trans-hydroxy-seco-ketone {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 trans-3B,5x-dihydroxy-5,10-seco-
-cholest-1(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 m!/) was reduced with sodium
borohydride (400 mg) at room temperature (36 hours), affording 176 mg (87.1%) of trans-
-3B,5a-dihydroxy-5,10-seco-cholest-1(10)-ene (Vb), m.p. 153° (from methanol).

Isomerization of cis-3B,5a-dihydroxy-5,10-seco-cholest-1(10)-ene diacetate (1Ic) into
the corresponding trans-isomer (Vc)

A solution of the cis-3B,5«-diacetate (IIc) (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 trans-3p,5a-dihydroxy-$,
10-seco-cholest-1(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-38,5-
-diacetate (Ilc), m.p. 85°, was recovered.

Chromic acid oxidations

Oxidation of cis-3B,5u-dihydroxy-5,10-seco-cholest-1(10)-ene 3-acetate (1la). — To
a solution of the cis-acetoxy-seco-5a-alcohol(Ila) (100 mg) in ether (10 ml), chromic
anhydride (500 mg) in water (10 ml) was added at room temperature and the resulting
mixture was stirred efficiently for 24 hours, affording after chromatography on SiO,:
92 mg (92.4%,) of cis-33-hydroxy-5,10-seco-cholest-1(10)-en-5-one acetate (Ia), and 6 mg
(6%) of unchanged starting alcohol (IIa).

Oxidation of trans-33,5x-dihydroxy-5§,10-seco-cholest-1(10)-ene 3-acetate (Va). —
When treated with CrO, for two hours (as above), the tranms-acetoxy-seco-5a-alcohol
(Va) (100 mg) was converted quantitatively to the corresponding ketone, i.c. trans-33-
-hydroxy-5,10-seco-cholest-1(10)-en-5-one acetate (IVa).
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Kinetic studies of the sodium borohydride reduction of the 3B-hydroxy-seco-5-ketones
of the A'(%)-cis series (Ib) and A'(O-trans series (IVb)

Material. — Sodium borohydride was recrysallized from diglyme (¢®. 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 m!) was placed in a reaction flask with a long narrow neck, which
was immersed in a thermostat maintained at 35° + 0.2.° The ketone (Ib 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 2 g of potassium iodide, followed
by the addition of 10 m/ of 5 N sulfuric acid, and the iodine liberated was titrated with
0.1 N aqueous sodium thiosulfate ¢?. The rate constants k, were obtained from the rate
data by using the following equation:

ky= 2.303 b(a—2x)
—t(a—4b) i a(b—x)

where a is the initial molar concentration of ketone (Ib or IVb), b is the initial molar
concentration of sodium borohydride, and x is the amount of sodium borohydride con-
sumed by time ¢. The results are shown in Table I.

SUMMARY

The sodium borohydride and lithium aluminum hydride reductions
of cis- and trans-3B-hydroxy-5,10-seco-1(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 55:5R=4:1, whereas the reductions of the rrans-isomeric
ketones are more stereospecific, resulting in almost exclusive formation of
the corresponding rrans-unsaturated 5S-alcohols. According to kinetic mea-
surements of the sodium borohydride reductions, cis-3B-hydroxy-5,10-seco-
-1(10)-cholesten-5-one is reduced about 10 times faster than rrans-38-hy-
droxy-5,10-seco-1(10)-cholesten-5-one. Possible conformations of the cis- and
trans-1(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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by
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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@: 2.3 It is also generally known that a temperature
gradient in a crystal which contains dislocations can increase the number
of dislocations®).

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®).

However, Dash®, 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 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.

75
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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 mm/min.
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 m2m,
with a 20X 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, t00, 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 mm/min. 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
Chandhari®.

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
1to 4h.

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 2 A.

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®
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 1

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
Gr;:r;lgd Horizontal method Czochralski
1 21.5 19.4 12.4 13.9 8.4 39 9.9
Number of
defects 2 26.4 15.2 11.2 13.5 4.2 6.0 8.3
x10* x om~? —_—
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 mm/min, and the horizontal zone melting
method, at growth rates of 0.4—3.5 mm/min. 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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INTRODUCTION

Since the standard techniques for obtaining thin layers (evaporation
m vacuo, galvanization, direct sintering, submerging in a melt), when applied
to silicon, yield platings with unreliable mechanical and electrical charac-
teristics® 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(? 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 Sy 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®. 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.

I EXPERIMENTAL CONDITIONS

For the chemical reduction of nickel ion with hypophosphite anion,
basic aqueous solutions of five components were used:
NiSO4 - TH.0 p.a. NH,C1 p.a.
NaH,PO: - H:0 p.a. NH,OH p.a.
N83C6H5072H20 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 p-type single crystal, specific resistance
20—22 ohm cm, orientation (111) and dislocation density O/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?/lir.

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 NH F6g, HF (50%)
1.8 ml, 12 ml 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 u®,

II INFLUENCE OF THE RATIO BETWEEN NICKEL ION (Ni**) 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 M//iz. 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 M/lir; ammonium chloride 1.0 M/lit; 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+/(H.PO;)~ ratio in the range 0.9—1.5, at
the constant hypophosphite concentration (0.094 M/lit). However, when the
Ni2+/(HzPO.)~ 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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The influence of Ni*+/(H,PO,)~ ratio on plating thickness at constant concentration of

(HyPOy)~

Figure 2 shows that when the nickel ion concentration was kept con-
stant at 0.125 M/lt, increasing Ni2+/(HoPOz)~ in the range 0.7—1.7 had a
great influence on plating thickness. The thickest plating, of 10.6 ., was
obtained at a Ni2+/(HoPOz2)~=0.7, and the thinnest, 1.8 u, 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 M/lit, or at Niz*/(HzPOz2)~
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Q,
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g " pH=10.0
g 75k t =99.4[°C]
= Z =60 [min]
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RatTio  Ni?*/(HPO)~

Fig. 2

The influence of Ni*+/(H,PO,)- ratio on plating thickness at constant concentration of Ni*+
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ratios above 1.7, decreasing the hypophosphite anion has practically no
effect on plating thickness, which under the given conditions, remains less
than 2 y after 60 min.

IIT 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 48x 10~2 and approximately
56 x 1072, the plating thickness increased gradually and continuously. Be-

" tween 56 X 1072 and 75 x 10-2 the curve falls, at first steeper and then more

PLATING THICKNESS [.,u]
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RATIO Ni?*/NayCgH50, 2H,0x 107

48 50 52 5 56 58 60 62 64
Fig. 3

The dependence of plating thickness on the ratio Ni**/Na,C,H;0, - 2H,O

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+/NH,Cl ratio from 9x10~*
to 13x10-2 the plating thickness continuously rises, while from 13x 10~
to 22x 1072 it falls continuously (all the other parameters constant). The
maximum plating thickness, 6.5, was obtained at an Ni2+/NHCl ratio
of 13x10-2,

* My interpretation; the original is confused and contradictory (language editor).
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IV INFLUENCE OF HYDROGEN ION CONCENTRATION ON PLATING
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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.
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Fig. 5
The dependence of plating thickness on pH
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A constant pH greater than 10.9 (maintained by adding 259%, 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 5p. Platings of group | were obtained at: concentration
Ni2+=0.125 M/lit, S/V=5 dm?/lit, pH=10.0, solution temperature 99.4°C,
deposition time 60 min, Ni2+/(HePO2z)~ ratio kept in the range of 0.9—1.3
(Fig. 2). Platings of group 2 were made at: conc. Ni2+=0.125 M/lit and
(H2PO;)~-=0.094 M/li, S/V=5dm?[lis, pH=10.0, solution temperature
99.4°C, deposition time 60 min, Ni2+/NagCeHsO7 - 2H20 ratio within the
range 50x10-2 to 65x10-2 (Fig. 3). Platings of group 3 were made at:
conc. Ni2+=0.125. M/lit, conc. (HoPO3)~=0.094 M|lit, conc. sodium citrate =
=0.22 M/lit, S/V=5 dm2, pH=10, solution temperature 99.4°C, deposition
time 60 min, Ni2+/NH,Cl 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®), by the method of Strikeling®, and the practical test of solder-
ing nickel wire to the substrate®.

All platings tested as per B. S. 1224:1965 by thermal shock showed
no fissuring or peeling when observed magnified 100x, 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(? 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+/(HePOg)~ ratio (a) in the
range 0.9—1.7 at constant concentration of (HaPO:z)~ of 0.094 M/lit, and
(b) in the range 0.7—2.7 at constant concentration of Ni%+ of 0.125 M/lit,
on the plating of nickel-phosphorus alloy on silicon p-type single crystal
in alkaline aqueous solution by chemical reduction. The range Ni2+/(HePOz)~
ratio at which platings thicker than 5 were deposited during a deposition
time of 60 min was determined.

Also investigated was the influence of (a) the Ni2+/NagCsH505 - 2H20
ratio in the range 48 X 10-2 to 75X 10-2, (b) the Ni2+/NH4Cl ratio in the
range 9x 10-2 to 22x 102, and (c) pH in the range 7.0—10.9, on plating
thickness, at constant values for other pirameters of the process.
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The experiments showed that nickel-phosphorus alloy platings thicker
than 5p can be put on silicon p-type single crystals using a considerable
range of concentrations of the bath components and of pH.

The adherence of the >5 . plating to the substrate was investigated.
All adhered firmly to the substrate.
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